
       

ARTICLE

Mutational spectrum of the EPM2A gene in
progressive myoclonus epilepsy of Lafora: high
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Progressive myoclonus epilepsy of the Lafora type (Lafora disease) is an autosomal recessive disease
characterised by epilepsy, myoclonus, progressive neurological deterioration and the presence of
glycogen-like intracellular inclusion bodies (Lafora bodies). We recently cloned the major gene for Lafora
disease (EPM2A) and characterised the corresponding product, a putative protein tyrosine phosphatase
(LAFPTPase). Here we report the complete coding sequence of the EPM2A gene and the analysis of this
gene in 68 Lafora disease chromosomes. We describe 11 novel mutations: three missense (F84L, G240S and
P301L), one nonsense (Y86stop), three < 40 bp microdeletions (K90fs, Ex1-32bpdel, Ex1-33bpdel), and two
deletions affecting the entire exon 1 (Ex1-del1 and Ex1-del2). In addition, we have identified three patients
with a null allele in non-exonic microsatellites EPM2A-3 or EPM2A-4, suggesting the presence of two
distinct > 3 kb deletions affecting exon 2 (Ex2-del1 and Ex2-del2). Considering these mutations, a total of
25 mutations, 60% of them generating truncations, have been described thus far in the EPM2A gene. In
spite of this remarkable allelic heterogeneity, the R241stop EPM2A mutation was found in approximately
40% of the Lafora disease patients. We also report the characterisation of five new microsatellite markers
and one SNP in the EPM2A gene and describe the haplotypic associations of alleles at these sites in normal
and EPM2A chromosomes. This analysis suggests that both founder effect and recurrence have contributed
to the relatively high prevalence of R241stop mutation in Spain. The data reported here represent the first
systematic analysis of the mutational events in the EPM2A gene in Lafora disease patients and provide
insight into the origin and evolution of the different EPM2A alleles. European Journal of Human Genetics
(2000) 8, 946–954.
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Introduction
Among the epilepsies, the progressive myoclonus epilepsies
(PMEs) constitute a rare, heterogeneous subgroup charac-
terised by the presence of progressive neurologic deteriora-
tion, myoclonus, and epilepsy.1 PME of the Lafora type or
Lafora disease (EPM2 [MIM 254780]) is a well known form of

progressive myoclonus epilepsy characterised by the pres-
ence of typical periodic acid Schiff-positive intracellular
inclusion bodies (Lafora bodies).2,3 Lafora bodies consist of
an abnormal glucose polymer that accumulates in the central
and peripheral nervous system, among other tissues.4,5 Lafora
disease initially manifests during adolescence, the most
common age of onset being between 10 and 17 years.
Generalised tonic-clonic seizures, absences, drop attacks, or
partial visual seizures are usually the first manifestation,
followed soon after by asymmetric as well as massive
myoclonic jerks. As the disease progresses, the myoclonus
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increases in frequency and becomes constant. A rapidly
progressive dementia with apraxia, aphasia, and visual loss
ensues, leading patients to a vegetative stage and death,
usually within less than a decade of first symptoms.6 Lafora
disease occurs worldwide, but is particularly common in the
Mediterranean countries of Southern Europe and Northern
Africa, in Southern India and in the Middle East. As in other
autosomal recessive diseases, consanguinity is common in
Lafora disease. Linkage analysis and homozygosity mapping
first localised a major gene for Lafora disease to chromoso-
me 6q24.7 However, other gene or genes than EPM2A may
cause Lafora disease when mutated, since in approximately
10–20% of the families linkage to chromosome 6q24 can be
excluded.8,9 Recently, we and others have cloned the EPM2A
gene and have shown that affected individuals were homo-
zygous or compound heterozygous for loss-of-function
mutations.10,11

The human EPM2A gene spans approximately 70 kb and
codes for a transcript of about 3 kb which is split into 4 exons
ranging from 112 to 2328 bp.10,11 Exon 4 includes two
alternative splicing transcripts (4 and 4b) (Figures 1 and 2).

Here we have investigated the EPM2A gene in 68 Lafora
disease chromosomes from 34 unrelated patients and in
126 normal chromosomes of Spanish origin. We report the
detection of 11 novel EPM2A mutations and the character-
isation of several EPM2A polymorphisms. The analysis of the
associations between the EPM2A mutations and the EPM2A
polymorphisms provides useful data for population genetic
studies and for investigating the history of the EPM2A
mutations.

Materials and methods
Patients
The clinical diagnosis of Lafora disease was based on the
presentation of epilepsy, myoclonus, rapidly progressive
neurological deterioration, and a slow background with
polyspike-wave complexes in the electroencephalogram.6,12

In addition, we required a biopsy of skin, muscle, liver, or
brain showing the characteristic periodic acid Schiff-positive
Lafora bodies.2,3 Information on age of onset was available
from 29 patients belonging to 19 families. Age of onset
ranged from 4 to 16 years (mean = 12 years). The first symp-
tom of the disease was either generalised tonic-clonic
seizures, absences, or simple partial seizures with visual
symptoms. The severity of the myoclonus was mild at onset
and increased in severity as the disease progressed. Pro-
gressive dementia followed in all patients. All families
included in this study were genotyped with the chromoso-
me 6q24 microsatellites markers contained in the region of
the Lafora disease’s gene; 30 families showed segregation of
markers flanking EPM2A with the Lafora disease phenotype
and four were not informative because of the low number of
available family members. Five families in which linkage to
chromosome 6q24 markers could be excluded were not

included in this study. These families represent 13% of our
Lafora disease family database.

Samples
Thirty-four affected probands were included in this study.
The patients originated from Spain, Italy, Australia, Holland,
the United States of America, North Africa, Turkey, and
France. Forty-eight healthy Spanish individuals were
screened to verify that the mutations found were absent in
the normal population. To calculate allele frequencies at the
EPM2A polymorphic sites and to estimate haplotype fre-
quencies we used 126 control chromosomes. DNA samples
were obtained from peripheral blood lymphocytes, using
standard methods. The study was approved by the Ethics
Committee of the Fundación Jiménez Dı́az. Blood was
collected from patients and their relatives after informed
consent.

PCR amplification and sequencing of exons
Exons 1, 2, 3 and 4 of the EPM2A gene11 were amplified from
genomic DNA using specific primers derived from 5' and 3'
intronic sequences (Table 1) using standard methods. The
initiating ATG of exon 1 was obtained by PCR amplification
from a human placenta cDNA (Clontech, Palo Alto, CA,
USA). The annealing temperature for all primer pairs was
60°C. The corresponding PCR products were purified by
agarose gel electrophoresis and extracted with the Qiaquick
Gel Extraction Kit (Qiagen, Hilden, Germany). Direct
sequencing of PCR products was performed with a dye-
terminator cycle-sequencing kit (Perkin-Elmer, Warrington,
UK) using Taq FS DNA polymerase. Sequences were resolved
on an ABI PRISM 377 automatic sequencer, and the results
analysed with the ABI Analysis software (version 3.1).

Microsatellite analysis
Analysis of polymorphisms at the EPM2A-1, EPM2A-2,
EPM2A-3, EPM2A-4, EPM2A-5, and D6S1703 microsatellites
was performed by PCR, using total human genomic DNA.
Amplification was performed in a total volume of 10 µl
containing 40 ng of genomic DNA, 3 pmol of each primer
(Table 2), 0.3 U Taq polymerase (Promega, Madison, WI,
USA), 200 µM each dATP, dGTP and dTTP, 2.5 µM dCTP,
0.7 µCi [32P] α-dCTP at 300 Ci mmol–1, and 1.5 mM MgCl2.
PCR conditions were one cycle at 94°C for 2 min, followed by
30 cycles of 94°C for 30 s, 55.5°C for 1 min, and 74°C for 15 s,
and one last cycle of 74°C for 6 min. Samples were resolved
on a 6.5% polyacrylamide sequencing gels and exposed on
Kodak XAR film for 1–14 h.

SSCP analysis
SSCP analysis13 was performed by PCR, using total genomic
DNA, using the GenePhor DNA Electrophoresis System
(Amersham Pharmacia Biotech, Uppsala, Sweden). Amplifica-
tion was performed in a total volume of 10 µl containing
60 ng of genomic DNA, 12.5 pmol of each primer (Table 3),
1 U of Taq polymerase (Promega), 200 µM each dATP, dCTP,
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P Gómez-Garre et al y

947

European Journal of Human Genetics



dGTP and dTTP, and 1.5 mM MgCl2. PCR conditions were one
cycle at 94°C for 2 min, followed by 30 cycles of 94°C for min,
60°C for 1 min, and 74°C 1 min, one cycle of 74°C for 3 min

and one last cycle of 25°C for 2 min. Samples were resolved
on 12.5% non-denaturing polyacrilamide gels with the
GeneGel Excel 12.5/24 kit (Amersham Pharmacia Biotech)

Figure 1 cDNA sequence and derived amino acid sequence of EPM2A. Nucleotide sequence of the cDNA corresponding to EPM2A
exons 1, 2, 3 and 4. Exon junctions are indicated with small vertical arrows. The conceptual translation of the EPM2A ORF is shown
below the cDNA sequence in one-letter code. The sequence begins with the translation ATG start codon.
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and silver staining using the PlusOne™ DNA Silver Staining
kit (Amersham Pharmacia Biotech).

Mutation hot spot analysis
Identification of potential mutation hot spots was performed
with the computer program MUTPRED, which is based on
empirical data and designed to predict the location of point
mutations within gene coding regions causing human
genetic disease.14

References for links using databases
The major gene for Lafora disease codes the LAFPTPase, a
putative protein tyrosine phosphatase (PTPase).11 The
nucleotide sequences for the human EPM2A gene have been
deposited under EMBL/GenBank accession numbers
AJ130763, AJ130764, and AF084535.

Results
Initiating ATG of exon 1
The human EPM2A gene codes for a transcript of about 3 kb
for which the 5' end sequence was only partially charac-
terised in humans.10,11 Here we report the complete coding
sequence of the EPM2A gene including the ATG initiation
codon region (Figure 1). We obtained a 450 bp PCR fragment
from a human placenta cDNA covering the complete exon 1
and part of exon 2. This fragment contained an ATG codon
241 bp upstream from the beginning of the consensus cDNA
sequence we proposed in our initial cloning report and
extends the previously communicated sequence of
exon 1.10,11 The presence of an in-frame stop codon 66
nucleotides before this ATG codon and the high sequence
identity with the murine ATG translation initiation codon

Figure 2 Localisation of EPM2A mutations and associated polymorphic markers at the human EPM2A locus. The human EPM2A gene
is shown as a horizontal line, with the exons indicated by short, thick vertical lines and labelled 1–4. Exon 4 includes two alternative
splicing transcripts: one includes the complete exon 4 and presents a stop codon 75 bp after the end of segment 4a; the other one is
formed by segments 4a and 4b and lacks the central part of exon 4. Below the structure of the EPM2A gene, the thin lines localise the
position of each of the 25 EPM2A mutations characterised so far. Above the structure of the EPM2A gene, the thin lines show the
relative positions of seven polymorphic sites: EPM2A-1, EPM2A-2, EPM2A-3, EPM2A-4, EPM2A-5, and D6S1703 are SSRs; Laf-1 is a
SNP. EPM2A-25kbdel and ~ 25 kb deletion16 may be the same mutation; *from reference 10; **from reference 11; ***from both
references 10 and 11.

Table 1 PCR primers for genomic amplification of the EPM2A exons (5’Õ3’) for sequencing

Exon Primer forward Primer reverse Product size (bp)

1 TGCGCTTCCGCTTTGGG AGGGACGCGGGCAAAAAGC 400
2 GTATCAGCTGCTTGAGGATA CTTGTCCTACTTCTATGCCTA 291
3 CTACATGTTTTATGCAGCTCC ATTTATTCCATTTCTACCATTCAT 431
4 GAGAGAGCCTCTGGCCTC CAGAAGAACGAACCTTCCCA 483
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region15 suggests that this is the ATG translation initiation
codon in EPM2A. In addition, the length of the mRNA
present in northern blots is in agreement with this ATG being
the initiation codon.

Mutations in EPM2A
In our previous study reporting the identification of the
EPM2A gene we described the mutational analysis of the
EPM2A gene in 20 Lafora disease pedigrees that resulted in
the identification of 13 Lafora disease chromosomes carrying
a total of eight different EPM2A mutations.11 Probably

because those mutational studies were incomplete and
focused only on EPM2A exons 2, 3 and 4a, we failed to
identify EPM2A mutations in 70% of the Lafora disease
chromosomes. In this report 68 chromosomes from 34 unre-
lated Lafora disease patients, including those partially charac-
terised before, were screened for mutations in the EPM2A
gene. This time, all four exons of the EPM2A gene, including
their flanking intronic sequences, were amplified from
genomic DNA of each Lafora disease patient, using the PCR
primers specified in Table 1. SSCP analysis was performed for
all exons and those presenting band shifts were subsequently
sequenced in both strands.

Table 2 Novel polymorphic markers within the EPM2A gene

Marker IDa Type Hetb Primers (5’Õ3’) Allele FQ1c FQ2d

EPM2A-1 9992791 (CA)n 0.746 F: CTCCTTGCTTCTCAAGCTT 175 0.008 0.020
R: TGGACTTACAGAATGCTTATA 177 0.016 0.040

179 0.016 0.040
181 0.008 0.020
183 0.057 0.020
185 0.074 0.040
187 0.377 0.180
189 0.303 0.500
191 0.082 0.100
193 0.041 0.040
195 0.016 0.000

EPM2A-2 9992793 (CA)n 0.725 F: CTCATAATCCTATTATGCAGGA 152 0.008 0.020
R: AAAGTCTCAGGTTTACAGCTAA 154 0.083 0.059

156 0.008 0.020
158 0.275 0.196
160 0.042 0.078
162 0.075 0.196
164 0.042 0.059
166 0.417 0.451
168 0.050 0.020
170 0.000 0.020

EPM2A-3 9992834 (CA)n 0.851 F: GTGTATGTATACCTGGAGTATAA 134 0.057 0.061
R: GATAAATCATAACATGGAATGG 136 0.156 0.041

138 0.229 0.306
140 0.016 0.020
142 0.033 0.020
144 0.066 0.082
146 0.180 0.102
148 0.123 0.143
150 0.049 0.000
152 0.049 0.020
154 0.033 0.000
156 0.008 0.020
158 0.000 0.061
160 0.000 0.122

EPM2A-4 9992864 (AAAT)n 0.518 F: ATGTAACTAACCTGCACATTGTG 143 0.051 0.000
R: GATAAATCATAACATGGAATGG 151 0.393 0.275

157 0.000 0.039
159 0.530 0.686
167 0.026 0.000

EPM2A-5 9992874 (TGTC)n 0.102 F: CCATGACTCCAGACACTATG 199 0.986 0.906
R: TTTATTCCATTTCTACCATTCAT 195 0.014 0.094

Laf-1 – C402GÕA 0.219 F: GTATCAGCTGCTTGAGGATA G 0.783 0.594
(G134G) R: CTTGTCCTACTTCTATGCCTA A 0.217 0.406

aID: accession number from Généthon; bHet: calculated heterozygosity; cFQ1: allele frequency in normal population; dFQ2: allele frequency
in affected population.
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The analysis of the 68 chromosomes from 34 Lafora disease
probands resulted in the identification of EPM2A mutations
in 49 of them (72%). Twenty-three probands presented
mutations in both chromosomes (affected individuals were
homozygous or double heterozygous). In four probands
mutations were identified in only one of the two copies of
the EPM2A gene. Therefore, the total number of families
presenting EPM2A mutations was 27 (79%). It is thus possible
that 7 of the 34 families from this study harbour mutations in

a non-EPM2A gene since no mutated alleles were identified in
these families. However, the existence of four families where
mutations have been identified in only one chromosome
supports the idea that there are indeed unidentified
mutations.

A total of 20 EPM2A mutations, 11 of them novel, were
characterised (Figure 2 and Table 4). Mendelian inheritance
of the mutations was confirmed by SSCP and sequence
analysis of the relevant amplified DNA fragment in family

Table 3 PCR primers for SSCP analysis of the EPM2A gene

DNA fragment Primer forward Primer reverse Product size (bp)

Exon 1 F: TCGGGGAGGTGGAGCT R: CAGGCGTCTGCTGGCAATA 140
F: TGCGCTTCCGCTTTGGG R: GTCCTGCGCCGCCTCCTC 220

Exon 2 F: GTATCAGCTGCTTGAGGATA R: CTTGTCCTACTTCTATGCCTA 291
F: CTACATGTTTTATGCAGCTCC R: AGGAATTCTGTACAATATCCC 208

Exon 3 F: ACCAAATATCTGGCTGGGTAG R: TGCTCATATCTGGTGTTGGC 229
F: CCATGACTCCAGACACTATG R: ATTTATTCCATTTCTACCATTCAT 199

F: CGGTATCTGGTGGTTTAGTTA R: TGCACCTTCCTCAGATTCCA 214

Exon 4 F: GAGAAGGGACACATCGTGTA R: CCTTAGGGAAATCAGGAG 258
F: CCTAATTAAACTATGATGCGTAT R: GGACTTCACTTTACTTAATGCT 271

Table 4 EPM2A mutations identified in Lafora disease patients

No. of
Nucleotide Amino acid change/ chromo- No. of Country

Mutation Exon Type change predicted consequence somes probands of origin Reference

Ex1-del1 1 deletion deletion exon 1 Truncation at exon 2 1 1 Spain Present report
Ex1-del2 1 deletion deletion exon 1 Truncation at exon 2 1 1 Spain Present report
Ex1-33bpdel 1 microdeletion c.91-123del Truncation after gly 30 3 2 Spain Present report
Ex1-32bpdel 1 microdeletion c.102-133del Truncation after gly 36 2 2 SpaIn Present report
F84L 1 missense c.252CÕG phe 84 leu 2 1 France Present report
Y86stop 1 nonsense c.258CÕG tyr 86 Stop 2 1 Spain Present report
K90fs 1 frameshift c.269-275del Truncation after lys 90 2 1 Holland Present report
R108C 2 missense c.322CÕT arg 108 cys 2 1 Spain Present report

2 1 – Minassian et al10

Y112fs 2 frameshift c.335-336insA Truncation after thr 112 2 1 Italy Serratosa et al11

E138stop 2 nonsense c.412GÕT glu 138 Stop 2 1 – Minassian et al10

EPM2A-60kbdel 2 deletion deletion exon 2 Truncation at exon 3 2 1 Italy Serratosa et al11

EPM2A-25kbdel 2 deletion deletion exon 2 Truncation at exon 3 2 1 USA Present report
2 1 Iran Minassian et al16

Ex2-del1 2 deletion deletion exon 2 Truncation at exon 3 1 1 USA Present report
Ex2-del2 2 deletion deletion exon 2 Truncation at exon 3 1 1 Italy Present report
R171H 3 missense c.512GÕA arg 171 his 1 1 USA Serratosa et al11

T194I 3 missense c.581CÕT thr 194 ile 1 1 Spain Serratosa et al11

G240S 3 missense c.718GÕA gly 240 lys 1 1 Australia Present report
R241stop 4 nonsense c.721CÕT arg 241 Stop 13 10 Spain Serratosa et al11

1 1 Italy
2 1 Turkey
9 5 – Minassian et al10

N267fs 4 frameshift c.799-800insA Truncation after asn 267 2 1 – Minassian et al10

H253fs 4 frameshift c.759TÕCATGCA Truncation after his 253 1 1 Australia Serratosa et al11

G279S 4 missense c.835GÕA gly 279 ser 2 2 Spain Serratosa et al11

2 2 Italy
1 1 – Minassian et al10

Q293L 4 missense c.878AÕT gln 293 leu 2 1 – Minassian et al10

Y294N 4 missense c.880TÕA tyr 294 asn 1 1 Spain Serratosa et al11

P301L 4 missense c.902CÕT pro 301 leu 1 1 France Present report
about 75kbdel deletion deletion Truncation in exon 3 2 1 – Minassian et al10

exons 1 and 2 Minassian et al16
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members. One of the novel mutations is a 32 bp deletion
(c.102–133del) affecting the ATG region of exon 1 and
resulting in a stop codon in exon 2. This mutation confirms
that this region is part of the EPM2A transcript.

Three of the novel mutations reported here are missense
mutations, resulting in the following amino acid substitu-
tions: F84L, G240S and P301L. We do not know yet whether
these mutations are loss-of-function mutations. However,
our control population of unaffected unrelated individuals,
which included 96 chromosomes, showed none of these
mutations, suggesting that these changes do not represent
polymorphisms in our population. Another novel mutation,
Y86stop, is a nonsense mutation; three are deletions of less
than 40 bp (K90fs, Ex1-32bpdel, Ex1-33bpdel); two are
deletions of yet undetermined size affecting exon 1 (Ex1-del1
and Ex1-del2); and two are > 3 kb deletions that include
exon 2 (Ex2-del1, Ex2-del2). In a recent report16 a new
mutation has been communicated: a 25 kb deletion affecting
exon 2 which may be identical to a 25 kb deletion we have
identified and denote EPM2A-25kbdel.

Adding these data to those reported earlier,10,11,16 a total of
25 EPM2A mutations have been identified in 44 unrelated
Lafora disease patients. Nine of the EPM2A mutations are
missense mutations, three are nonsense mutations, three are
frameshift mutations, and ten are deletions of the different
sizes (Table 4). The R241stop mutation was encountered in
almost 40% of the Lafora disease probands.

Polymorphic sites in the EPM2A region
Here we describe the identification and analysis of six novel
polymorphic sites at the EPM2A locus. These novel poly-
morphic sites correspond to three variable dinucleotide
repeats (EPM2A-1, EPM2A-2 and EPM2A-3), two variable
tetranucleotide repeats (EPM2A-4 and EPM2A-5), and one
SNP (Laf-1). The localisation of each simple sequence repeat
(SSR) and SNP within the EPM2A region is shown in Figure 2.
All five SSRs were encountered by inspection of a 100-kb-long
sequence of the 150 kb 466P17 clone (The Sanger Centre,
Cambridge, UK) encompassing exons 1–2 and by sequencing
part of intron 3. EPM2A-1, EPM2A-2, and EPM2A-3 are
perfect (CA)n repeats. EPM2A-4 is a perfect (AAAT)n repeat
and EPM2A-5 is a (TGTC)2-3 repeat. EPM2A-1 is located
50.5 kb upstream the 5' end of exon 1, EPM2A-2 is located
2866 bp downstream of the 3' end of exon 1, EPM2A-3 is
located 2767 bp downstream of the 3' end of exon 2, and
EPM2A-4 is located 2763 bp downstream of EPM2A-3 in
intron 2. EPM2A-5 is a rare polymorphism located in the 5'
end of intron 3. During SSCP mutation analysis experiments,
we found one SNP (c.402G/A in exon 2) which we excluded
from being an EPM2A mutation because it was present in the
normal population (in heterozygosis and homozygosis) and
represents no change in the aminoacid sequence. The allele
frequencies of these six novel polymorphisms in Lafora
disease patients and in the control population are shown in
Table 2.

Haplotype analysis of polymorphic sites within the
EPM2A gene
Haplotype associations between alleles at seven polymorphic
sites within or near the EPM2A gene were established for a
total of 126 control chromosomes. This analysis included the
D6S1703 site, a microsatellite from the Généthon collec-
tion.17 The haplotypes generated from this small sample of
chromosomes are almost all unique.

To establish the haplotypic associations between EPM2A
polymorphisms and EPM2A mutations, all seven poly-
morphic markers (EPM2A-1, EPM2A-2, D6S1703, Laf-1,
EPM2A-3, EPM2A-4, and EPM2A-5) were characterised in the
Lafora disease probands and their families. We observed that
there are five different haplotypes associated with the
R241stop mutation (Table 5). One of them is present in 10 of
16 Lafora disease chromosomes carrying this mutation. The
second most common mutation, G279S, appears associated
with three different haplotypes. These data suggest that both
R241stop and G279stop are recurrent mutations. In addition,
these data indicate that the high prevalence of the R241stop
mutation is a consequence of both founder effect and
recurrence. All other mutations are present in three or less
Lafora disease chromosomes and are associated each to only
one haplotype. A complete description of the EPM2A haplo-
types for 47 EPM2A chromosomes where a mutation has
been identified, including 13 Lafora disease chromosomes
reported in our initial communication,11 is presented in
Table 5.

Discussion
We and others reported, elsewhere, that a gene coding a
protein tyrosine phosphatase (PTPase) is the gene for
6q-linked Lafora disease.10,11 In the two initial reports the
partially characterised 5' end of the gene and 13 different
mutations were communicated. We described eight muta-
tions in our Lafora disease family set, but failed to identify
EPM2A mutations in 70% of the affected Lafora disease
chromosomes because of the incompleteness of our prelimi-
nary study. In this report we describe the sequence of exon 1
containing the ATG translation initiation codon and the
systematic mutational analysis of the EPM2A gene in 68 chro-
mosomes from 34 unrelated Lafora disease probands. In this
sample we have identified a total of 20 EPM2A mutations,
eleven of them novel, and have characterised the EPM2A
haplotypes associated with each EPM2A mutation.

Five of the 11 novel mutations described here are deletions
affecting a few nucleotides or even entire exons. Ex1-32bpdel
is a deletion (c.102–133del) resulting in a frameshift after
Gly36 that results in the posterior truncation of the protein.
Ex1-del1, Ex1-del2, Ex2-del1, and Ex2 del2 are deletions
affecting entire exons (1 or 2). All these deletions result in
truncation of the EPM2A gene product. Y86stop is a nonsense
mutation (c. 258C → G) that results in a stop codon and,
thus, in a truncated protein as well. Ex1-33bpdel is a deletion
resulting in the substitution of one amino acid and the
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elimination of the subsequent ten amino acids without
producing a posterior frameshift. K90fs is a mutation found
in homozygosis in a patient born of a consanguineous
mating. This mutation is the consequence of a seven-
nucleotide deletion in exon 1 (c.269–275del).

Therefore, eight of the novel EPM2A mutations result in
truncated polypeptides that are most likely non-functional.
The consequences of the other three novel mutations are
more difficult to foresee. F84L, G240S, and P301L are
missense resulting in changes of amino acids in different
exons. F84L is a mutation carried in homozygosis by one
patient from a consanguineous family that results from the
substitution c.252C → G in exon 1. G240S (c.718G → A) was

found in one patient who carries the H253fs insertional
substitution (c.759T → CATGCA) in the other Lafora disease
chromosome. P301L is the consequence of the c.902C → T
substitution and was also identified in heterozygosis. All
novel mutations described here were not found in a sample
of 96 unaffected chromosomes, indicating that they are not
polymorphisms.

As a whole, 25 different mutations in EPM2A have been
identified in 46 unrelated Lafora disease patients (including
those described elsewhere,10,11,16 and in this report). These
mutations are distributed throughout the whole length of
the EPM2A gene sequence (Figure 2, Table 4). It is noticeable,
however, that the occurrence of missense mutations in

Table 5 EPM2A haplotypes associated with EPM2A mutations

Associated polymorphisms
Mutation Freq. EPM2A-1 EPM2A-2 D6S1703 Laf-1 EPM2A-3 EPM2A-4 EPM2A-5 Origin

P301L 1 189 162 151 G 146 159 199 France (50a)
Y294N 1 189 160 153 G 138 159 199 Spain (102a)
G279S 4 189 166 149 A 156 151/159 199 Spain (13a)

187 160 157 G 138 159 199 Italy (57a)
185 160 157 G 138 151 195 Italy (9557a)
185 160 157 G 136 151 195 Spain (109a)

H253fs 1 187 168 149 A 156 159 199 Australia (119a)
R241stop 16 187 152 151 G 138 151 199 Turkey (113a)

187 152 151 G 138 151 199 Turkey (113b)
189 156 157 G 138 159 199 Italy (57b)
189 160 151 G 152 159 199 Spain (14a)
189 166 149 A 160 159 199 Spain (16a)
189 166 149 A 160 159 199 Spain (16b)
189 166 149 A 160 159 199 Spain (109b)
189 166 149 A 160 159 199 Spain (3a)
189 166 149 A 160 159 199 Spain (3b)
189 166 149 A 160 159 199 Spain (12a)
189 166 149 A 160 159 199 Spain (15a)
189 166 149 A 160 159 199 Spain (15b)
189 166 149 A/G 160 159 199 Spain (8a)
189 166 149 A 160 159/151 199 Spain (13b)
191 166 155 G 144 159 199 Spain (116a)
191 166 155 G 144 159 199 Spain (116b)

G240S 1 189 166 155 A 146 159 199 Australia (119b)
T194I 1 189 162 153 G 148 159 199 Spain (12b)
R171H 1 191 166 153 A 148 159 199 USA (2a)
Y112fs 2 187 166 157 G 144 159 199 Italy (114a)

187 166 157 G 144 159 199 Italy (114b)
R108C 2 193 164 151 A 144 159 199 Spain (5a)

193 164 151 A 144 159 199 Spain (5b)
EPM2A- 2 189 ? 155 0 0 0 199 USA (1a)

25kbel 189 ? 155 0 0 0 199 USA (1b)
Ex2-del1 1 183 158 153 0 0 159 199 USA (2b)
Ex2-del2 1 187 154 151 0 0 151 199 Italy (9557b)
K90fs 2 189 166 149 A 146 159 199 Holland (110a)

189 166 149 A 146 159 199 Holland (110b)
Y86Stop 2 181 160 147 G 140 157 199 Spain (4a)

181 160 147 G 140 157 199 Spain (4b)
F84L 2 179 158 161 G 138 151 199 North Africa (65a)

179 158 161 G 138 151 199 North Africa (65b)
Ex1-33bpdel 3 189 166 153 A 134 159 199 Spain (101a)

189 166 153 A 134 159 199 Spain (101b)
189 166 153 A 134 159 199 Spain (107b)

Ex1-32bpdel 2 189 164 151 A 148 159 199 Spain (102b)
187? 164 151 A 148 159 199 Spain (108b)

Ex1-del1 1 177 158 163 G 138 151 195 Spain (107a)
Ex1-del2 1 175 158 155 G 138 151 199 Spain (108a)
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EPM2A (36%) is somehow reduced compared with that
observed in other genes causing autosomal recessive traits
(60–70%) and that most missense mutations in EPM2A (9 out
of 11) are clustered within exons 3 and 4. These two exons of
EPM2A encode an amino acid sequence with significant
homology to the catalytic domain of PTPases.10,11 Although
no functional data is yet available for this putative enzymatic
activity of the EPM2A gene product, the clustering of
missense mutations suggests that the peptide region coded
by exons 3 and 4 is crucial for the function of the EPM2A
product, providing further support to the concept that
EPM2A indeed codes for a PTPase.

Among all EPM2A mutations, the R241stop and G279S are
present in Lafora disease chromosomes from different Medi-
terranean regions. R241stop is the most prevalent EPM2A
mutation. It is present in 23.5% (16/68) of EPM2A chromo-
somes and has been found in 32.5% of Spanish EPM2A
chromosomes (13/40). A total of 40% of the Lafora disease
patients carry this mutation. The analysis of the haplotypic
associations of alleles at the EPM2A-1, EPM2A-2, D6S1703,
Laf-1, EPM2A-3, EPM2A-4, and EPM2A-5 polymorphic sites
demonstrated the existence of different EPM2A haplotypes
associated with this mutation. One of them
(189–166–149-A–160–159–199) is the most common haplo-
type associated with the R241Stop mutation (Table 5). Our
finding of distinct EPM2A haplotypes associated with the
R241Stop mutation suggest that R241stop has different
phylogenetic origins and, therefore could be a recurrent
mutation. Interestingly, analysis of the nucleotide sequence
at this mutation site identifies a CpG dinucleotide. Moreover,
analysis of the complete EPM2A sequence using the
MUTPRED program14 denotes this site as a potential muta-
tion hot spot, where c. 322C mutates to c. 322T, strongly
supporting the concept that R241Stop is a recurrent muta-
tion. The second most common mutation found in our
family set, G279S, was associated with three different haplo-
types and also coincides with a CpG dinucleotide, suggesting
that it is a recurrent mutation too.

The Ex1-33bpdel (c.91-123del) is a mutation that has been
encountered in only two unrelated families from one geo-
graphical Spanish region (Table 5) and in all instances
associated with identical EPM2A haplotypes. This argues in
favour of a common origin for the EPM2A chromosomes
carrying the Ex1-33bpdel mutation. The fact that no varia-
tion is detected among these EPM2A chromosomes suggests
that Ex1-33bpdel originated recently.

The data presented in this article represent the first
extensive account of EPM2A mutations and associated poly-
morphisms and provide a general understanding of the
variability at the EPM2A locus in the Lafora disease patient
population.
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