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Mitochondrial DNA does not appear to

influence the congenital onset type of myotonic
dystrophy
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Abstract
Neither the maternal inheritance pattern
nor the early onset of congenital myotonic
dystrophy are fully explained. One pos-
sible mechanism is that mitochondrial
DNA (mtDNA) mutations might interact
with the DM gene product, producing an
earlier onset than would otherwise occur.
We have used Southern hybridisation to
show that high levels of major rearrange-
ments ofmtDNA are not present in muscle
of five and in blood of 35 patients with
congenital myotonic dystrophy. We used
sequence analysis to show that no one par-
ticular mtDNA morph appears to co-
segregate with congenital onset. A minor
degree of depletion of mtDNA compared
with nuclear DNA was present in the
muscle of five patients with congenital
DM, but we propose that this is not the
primary cause of the muscle pathology
but secondary to it. We have not found
evidence that mtDNA is involved in con-
genital myotonic dystrophy.

(J Med Genet 1995;32:732-735)

The DM gene (DMPK) has recently been
characterised'3 and it is now well established
that expansion of a CTG triplet repeat in the
3' untranslated region of the gene is present
in patients manifesting the disease.4 However,
both the means by which it causes the adult
phenotype and the cause of the in utero onset
of congenital myotonic dystrophy (CMyD) re-
main unexplained.
The expansion may be associated with

altered expression of the protein kinase which
is encoded by DMPK. There is a rough cor-
relation between the length of the repeat and
disease severity,5 but this relationship is not as
clear as has been shown for FMR1 in fragile
X syndrome.6 Some of the variability may be
explained by mosaicism for the expansion: the
mean length in peripheral blood leucocytes
may not closely reflect that found in muscle.7
Although the length of the expansion in muscle
may correlate with severity rather better, the
data are limited because biopsy is not essential
for diagnosis.
CMyD occurs in about 10% of cases and

appears to be quite distinct from severe adult
onset DM. As well as earlier onset, there are
often phenotypic differences from the typical
later onset DM, such as mental retardation and

characteristic facial appearance. It is almost
always maternally inherited, and is usually as-
sociated with large triplet expansions in the
mother or child or both.8 However, there is
considerable overlap in the length of the ex-
pansion in blood between cases with congenital
and adult onset.5 Furthermore, the increase in
length of the repeat between generations may
be more marked with paternal transmission.9
Thus, the magnitude of the fetus's triplet ex-
pansion is not sufficient to explain either the
maternal inheritance pattern or the earlier onset
of CMyD on its own. A recent study suggests
that patients with congenital onset may be
distinguished from those with adult onset if
both fetal and maternal expansion sizes are
taken into account.5 Congenital onset is more
likely if both maternal and fetal expansions are
large or if either one is very large. This suggests
that there may be a determining factor pro-
duced by both mother and fetus whose level is
influenced by the length of the expansion in
both.
We have previously suggested that the ma-

ternal inheritance pattern of mtDNA provides
a potential mechanism for the phenomena de-
scribed above.1' Furthermore, an occasional
ragged red fibre (a hallmark ofmtDNA disease)
may be found (0 5%) in patients with myotonic
dystrophy,'1 12 as are mtDNA deletions at very
low levels.'3 This study looked for both qual-
itative and quantitative differences between
patients with congenital or late onset myotonic
dystrophy. Minor quantitative changes were
found, but we attribute this to the pathological
changes inherent in the disease process.

Methods
PATIENT SAMPLES
CMyD was diagnosed using clinical criteria as
previously defined.8 Muscle was available from
five patients with CMyD (two of whom have
been reported before'4). DNA was extracted as
previously described.'5 For Southern analysis,
leucocyte DNA was available from 51 families
(the majority of whom were ascertained in
south Wales), namely, 20 independent families
with CMyD, five with early onset DM, 21 with
later onset DM, five with minimal disease, and
20 controls (non-consanguineous fathers). Of
these, sequence analysis was performed on
eight CMyD cases or sibs of cases with con-
genital onset (including one mother of a case
with a 5 kb expansion who was subsequently
reclassified as very early onset), 11 cases with
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Table 1 Expansion size in leucocyte DNA from DM patients and controls

Phenotype No Alleles measured Length of smallest expansion Length of longest expansion

No % No of repeats Allele size (kb) No of repeats Allele size (kb)

Normal 20 17 85 5 28
Minimal 5 5 100 0-16 0-3
Adult onset 21 13 62 0-18 3-8-5-3
CMyD 12 11 92 2-5-3-5 4-6-5 3
CMyD-M 8 8 100 0-5-1-5 5-8-7-8
Early onset 5 4 80 2-5 4-0-8-0
Total 71 58 82

CMyD = congenital onset myotonic dystrophy.
CMyD-M =mother of a child with congenital onset.

adult onset, and four non-consanguineous con-
trols (spouses). Genotypes at the DM locus
were obtained as described by Harley et al.5

SOUTHERN ANALYSIS OF mtDNA
Samples were digested with BamHI which lin-
earises wild type mtDNA, electrophoresed in
0-9% agarose gels, transferred to a nylon mem-
brane, and probed with purified mtDNA which
had been labelled with 32P-dCTP by hexa-
nucleotide priming" as previously described.'5

TRINUCLEOTIDE EXPANSION
Repeat length was assessed using standard
methods,3 and sized by comparison with a
standard. If present, smears were noted and
sized.

SEQUENCE ANALYSIS
The sequence of hypervariable region I (bp
16 000-16 400) of the large non-coding region
of mtDNA was determined in 23 of the blood
samples, using direct sequencing of PCR amp-
lified products. Variants were scored when they
differed from the Cambridge Reference Se-
quence (CRS).'7 Diversity within each group
was estimated by pairwise difference com-
parisons and the sequences were compared
with 1144 sequences from a world wide data
set that included 85 Welsh samples from people
with at least two native generations (Sykes et
al, unpublished data).

Table 2 Sequence haplotypes found in the mitochondrial D loop in 23 samples of
leucocyte DNA from 19 DM patients and four representative controls. All variants were
transitions compared to the CRS. 7 Reference numbers refer to location of mutation minus
16 000 (for example, "192" refers to a c-t transition at bp 16 192)

No Sex Phenotype Region sequenced Variants at

I M Normal 108-400 192,222,261
2 M Normal 70-400 188
3 F Normal 103-400 193,221,288
4 M Normal 97-400 0
5 M MD 79-400 129,145,222
6 F MD 107-400 224,311
7 M MD 92-400 0
8 M MD 97-400 0
9 M MD 109-400 0
10 M MD 109-400 0
11 F MD 87-189 189
12 F MD 103-400 134
13 M MD 143-400 270
14 F MD 109-400 0
15 M MD 143-400 196,304
16 F CMyD 108-400 0
17 F CMyD 119-400 0
18 F CMyD 77-400 213
19 F CMyD 100-400 296,304
20 F CMyD 92-400 270
21 M CMyD 109-400 296,304
22 F CMyD 103-400 0
23 M CMyD 97-189 189

QUANTITATION OF MUSCLE mtDNA
DNA samples (250-600 ng) from the five
patients on whom muscle was available were
dot blotted in triplicate using alkaline de-
naturation. A mitochondrial probe in Ml 3,
mt3 (courtesy of Dr M King and Professor G
Attardi), corresponding to bp 2578-412217 was
labelled with 35S-dCTP by random hexa-
nucleotide labelling. A 1032 bp PCR product
corresponding to bp 252-1283 of the ar-
ginosuccinate synthetase gene'8 was used as a
nuclear gene probe and was similarly labelled
with 32P-dCTP. Unincorporated dNTPs were
removed using a Sephadex G50 column. Hy-
bridisation was at 65°C in Church buffer,"
using 2-5 x 105 cpm/ml and 6 x 106 cpm/ml for
35S and 32P respectively. Filters were washed in
2 x SSC/0 1%SDS at 61°C for 20 minutes and
at 63°C for a further 20 minutes and each spot
was counted for one hour, six samples at a
time, using a flat bed scintillation counter (Be-
taplateTM Wallac Oy, Turku, Finland). Cor-
rection for the spillover between the 35S and
32p pulse height spectra was calculated as pre-
viously described.20 Each sample was run on
at least two filters, quantified relative to a con-
trol, and the average ofthe readings taken using
Chauvenet's criterion for rejection of outliers.

Results
SOUTHERN ANALYSIS
Expansion length was assessed on 41/51
samples of leucocyte DNA from patients with
DM. Children with CMyD and early onset
DM had expansions ranging from 2-5 kb to a
smear of 4-0-8&0, compared to 0- 18 to a smear
of 3-8-5-3 for adult onset. Southern blotting
showed no major rearrangements of mtDNA
in blood or muscle of patients with CMyD
(table 1).

THE DM GENE IS ASSOCIATED WITH LOW/
NORMAL LEVELS OF mtDNA IN MUSCLE
While we did not have any muscle from patients
with late onset DM, we were able to compare
levels of mtDNA relative to nuclear DNA in
muscle of five patients with CMyD with normal
controls. There was a moderate depletion of
mtDNA, compared with age matched controls
(figure), but this was not clearly below the
normal.

SEQUENCE ANALYSIS
Mean pairwise differences within the groups
were not significantly different from the normal
Welsh population. One haplotype with trans-
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Scattergram of mtDNA relative to nuclear DNA in
muscle in patients with congenital onset myotonic
dystrophy (CMyD) and controls in relation to age. The
ratio of mtDNA to nuclear DNA was standardised to the
median control value. Error bars represent one standard
error.

itional variants at positions 16296 and 16304
was shared between three not knowingly related
patients (two with CMD, one with MD). This
haplotype is not present in the control Welsh
population nor in the world wide set but is
closely related (by one transition) to a lineage
group commonly seen in Europe (Sykes et al,
unpublished data).

Discussion
CMyD appears to be qualitatively different
from severe DM with later onset. Several fac-
tors have been suggested over and above the
DM allele to explain why some patients with
apparently identical expansions develop con-

genital as opposed to later onset DM. These
include maternal factors such as imprinting,
transmission of a transplacental factor, and
mitochondrial inheritance. This study has in-
vestigated the role of mtDNA in CMyD, and
has not found evidence that it is involved.

Since the human mitochondrial genome was

characterised and sequenced in 1981,17 it has
been a clear candidate for causing diseases with
a maternal inheritance pattern and associated
with defects of the respiratory chain. This is
because it encodes polypeptides involved in
electron transport2' and is maternally in-
herited.22 The mitochondrial myopathies which
have both of these characteristics23 have been
associated with mutations ofmtDNA.2426 Het-
eroplasmy (more than one distinct population
ofmtDNA in the same person) is rare in health
but common in disease, presumably because
homoplasmy for many of the mutations would
be lethal.
How might mtDNA interact with the DM

gene to cause CMyD?27-29 Multiple interactions
between nuclear and mitochondrial genes are

known to occur during mitochondrial bio-

genesis since the majority of respiratory chain
subunits are encoded in the nucleus, as are all
of the components of their import pathway and
enzymes required for their assembly. MtDNA
polymorphisms are common, and variant
mtDNAs might be neutral unless combined
with a nuclear defect such as DM. However,
in order to explain the observations, these
mtDNA variants would need to cosegregate
with the DM gene in order to interact in the
embryo: if they were in equilibrium with the
rest of the population, a fetus would receive
the mtDNA variant as often from an unaffected
as an affected mother. An interaction between
these genes occurring during the development
of the oocyte predicts a model of inheritance
pattern very similar to any other maternal fac-
tor.28
Four possible ways in which mtDNA ab-

normality and the DM gene might cosegregate
were considered in this study.
(1) The DM gene might affect mtDNA itself

by impairing the fidelity of transmission of
mtDNA.

(2) The DM gene might alter the quantity of
mtDNA in the fetus.

(3) Various mtDNA morphs might exacerbate
the phenotypic severity of the DM gene,
effectively increasing the penetrance of the
DM gene.

(4) Various mtDNA morphs might improve
the survival of fetuses with repeat lengths
which might otherwise be lethal.

Heteroplasmy might be present in 1, 3, or
4, particularly if a specific point mutation arose
with a high frequency in myotonic families.
Alternatively, homoplasmic mtDNA variants
might have significant effects in the presence
of the DM gene. If so, it might be possible to
identify clans of related mtDNA morphs which
contained the relevant mutations.

(1) THE DM GENE DOES NOT APPEAR TO IMPAIR
THE FIDELITY OF TRANSMISSION OF mtDNA
Southern blotting showed no major re-
arrangements in blood or muscle of patients
with CMyD. Thyagarajan et al30 looked for
point mutations by sequencing the entire mito-
chondrial genome in two families with con-
genital myotonic dystrophy. They did not find
any point mutation which appeared to be spe-
cific or any evidence of heteroplasmy. In-
vestigation of muscle from 13 patients with
adult onset myotonic dystrophy using quant-
itative PCR showed increased levels ofmtDNA
deletions compared to age matched controls."3
However, the level of deletions was too low
to detect on Southern blots. Similar levels of
deleted mtDNAs have been detected in atro-
phic muscle in conditions such as inclusion
body myositis, aging, and ischaemia (0 Poulton,
unpublished data), and are probably therefore
non-specific.

(2) THE DM GENE IS ASSOCIATED WITH LOW/
NORMAL LEVELS OF mtDNA
We have previously shown that skeletal muscle
from normal infants and fetuses has low levels
of mtDNA compared to nuclear DNA, and
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cross sectional data suggest that the levels in-
crease with age.3' While there appears to be a

distinctive group of young patients with re-

duced cytochrome oxidase activity in muscle,
in whom severe mtDNA depletion reflects the
primary defect, some patients with other forms
of muscle disease (such as ischaemia and in-
clusion body myositis) may have a moderate
degree of depletion. This suggests that mtDNA
depletion may be a relatively non-specific re-

sponse of muscle to various pathological pro-

cesses. There was a moderate depletion of
mtDNA relative to nuclear DNA compared
with age matched controls in the muscle of five
patients who had CMyD (figure), but this was

not clearly below normal. We suggest that this
depletion of mtDNA may be attributable to
atrophy of type 1 fibres which are aerobic, as

these contain more mtDNA than type 2 fibres
(which are glycolytic). We conclude that the
minor reduction in level of mtDNA relative to
nuclear DNA in muscle from patients with
CMyD is more likely to be secondary than
primary.

(3) AND (4) CONGENITAL ONSET MYOTONIC
DYSTROPHY IS NOT ASSOCIATED WITH A

CLUSTER OF mtDNA MORPHS
Sequence analysis ofD loops from patients with
CMyD did not show any striking clustering of
mtDNA morphs except in the presence of the
single haplotype (16 296, 16 304). This was

unique to the patient group but was not re-

stricted to the CMyD patients. This is likely
to be the result of fairly recent but unrecognised
common ancestry, since the majority of the
patients were ascertained in south Wales.
Otherwise mtDNA morphs defined by the D
loop haplotypes were neither more diverse nor

remarkable within each group. It is thus
unlikely that a longstanding homoplasmic
mtDNA mutation plays a role in the congenital
onset.

In conclusion, we did not find any support

for a role of mtDNA in CMyD. While we did
not sequence the entire mitochondrial genome,
we believe that our data are sufficient to exclude
most simple hypotheses for mtDNA in-
volvement. Thus, neither the maternal trans-

mission of CMyD nor the phenomenon of
anticipation are readily explained by the ma-

ternal inheritance pattern of mitochondrial
DNA (mtDNA). While there are other possible
causes for some of the features (such as im-
paired survival of sperm with large triplet ex-

pansions), there is still no unifying explanation.

Financial support was provided by the Wellcome Trust, the
Medical Research Council, and the Muscular Dystrophy Group.
We are very grateful to Professors P Harper and RM Gardiner,
and Drs P Hope, D Gardner-Medwin, M Squier, D Hilton-
Jones, M Johnson, and P M Matthews for supplying patient
material. We would like to thank Dr K Morten and Mrs M E
Deadman for technical advice and Professors J H Edwards and
E R Moxon for their continuing support and encouragement.

1 Fu YH, Pizzuti A, Fenwick R Jr, et al. An unstable triplet
repeat in a gene related to myotonic muscular dystrophy.
Science 1992;255:1256-8.

2 Mahadevan M, Tsilfidis C, Sabourin L, et al. Myotonic
dystrophy mutation: an unstable CTG repeat in the 3'
untranslated region of the gene. Science 1992;255:1253-5.

3 Brook J, McCurrach M, Harley H, et al. Molecular basis of
myotonic dystrophy: expansion of a trinucleotide (CTG)
repeat at the 3' end of a transcript encoding a protein
kinase family member. Cell 1992;68:799-808.

4 Harley HG, Brook JD, Rundle SA, et al. Expansion of
an unstable DNA region and phenotypic variation in
myotonic dystrophy. Nature 1992;355: 545-6.

5 Harley HG, Rundle SA, MacMillan JC, et al. Size of the
unstable CTG repeat sequence in relation to phenotype
and parental transmission in myotonic dystrophy. Am J
Hum Genet 1993;52:1164-74.

6 Rousseau F, Heitz D, Tarleton J, et al. A multicenter study
on genotype-phenotype correlations in the fragile X syn-
drome, using direct diagnosis with probe StB12.3: the
first 2,253 cases. Am J Hum Genet 1994;55:225-37.

7 Anvret M, Ahlberg G, Grandell U, Hedberg B, Johnson K,
Edstrom L. Larger expansions of the CTG repeat in
muscle compared to lymphocytes from patients with myo-
tonic dystrophy. Hum Mol Genet 1993;2:1397-400.

8 Harper P. Myotonic dystrophy. London: Saunders, 1989.
9 Ashizawa T, Anvret M, Baiget M, et al. Characteristics

of intergenerational contractions of the CTG repeat in
myotonic dystrophy. Am _7 Hum Genet 1994;54:414-33.

10 Poulton J. Mitochondrial DNA and genetic disease. Arch
Dis Child 1988;63:883-5.

11 Vita G, Toscano A, Prella A, et al. Muscle mitochondria
investigation in myotonic dystrophy. Eur Neurol 1993;33:
423-7.

12 Isashiki Y, Kawabata E, Ohba N, Higuchi I, Nakagawa M,
Osame M. Mitochondrial abnormalities in extraocular
muscles in myotonic dystrophy. Neuro-ophthalmology 1988;
9:115-22.

13 Sahashi K, Tanaka M, Ohno K, Ibi T, Takahashi A, Ozawa
T. Increased mitochondrial DNA deletion in the skeletal
muscle of myotonic dystrophy. Gerontology 1992;38:18-
29.

14 Argov R, Gardner-Medwin D, Johnson M, Mastaglia F.
Congenital myotonic dystrophy. Arch Neurol 1980;37:693-
6.

15 Poulton J, Deadman ME, Gardiner RM. Tandem direct
duplications of mitochondrial DNA in mitochondrial
myopathy: analysis of nucleotide sequence and tissue
distribution. Nucleic Acids Res 1989;17:10223-9.

16 Feinberg A, Vogelstein B. A technique for radiolabeling
DNA restriction endonuclease fragments to high specific
activity. Anal Biochem 1983;132:6-13.

17 Anderson S, Bankier AT, Barrell BG, et al. Sequence and
organisation of the human mitochondrial genome. Nature
1981;290:457-65.

18 Freytag S, Beaudet A, Bock H, O'Brien W. Molecular
structure of the human arginosuccinate synthetase gene:
ocurrence of alternative mRNA splicing. Mol Cell Biol
1984;4: 1978-84.

19 Church GM, Gilbert W. Genomic sequencing. Proc Natl
Acad Sci USA 1984;81:1991-5.

20 Potter C, Ramshaw A, Stickland J, Parums D, McGee J.
Quantification of specific mRNA by flatbed scintillation
counting of dual-labelled dot blots. Biotechniques 1993;11:
392-6.

21 Attardi G. Animal mitochondrial DNA: an extreme example
of genetic economy. Int Rev Cytol 1985;95:93-145.

22 Giles RE, Blanc H, Cann HM, Wallace DC. Maternal
inheritance ofhuman mitochondrial DNA. Proc NatlAcad
Sci USA 1980;77:6715-19.

23 Egger J, Wilson J. Mitochondrial inheritance in a mito-
chondrially mediated disease. N Engl 7 Med 1983;21:
142-6.

24 Wallace DC. Report of the committee on human mito-
chondrial DNA. Cytogenet Cell Genet 1990;55:395-405.

25 Wallace D. Mitochondrial DNA mutations in diseases of
energy metabolism. _7 Bioenerg Biomembr 1994;26:241-50.

26 Brown M, Wallace D. Molecular basis of mitochondrial-
DNA disease. I Bioenerg Biomembr 1994;26:273-89.

27 Poulton J. Congenital myotonic dystrophy and mtDNA.
AmJHum Genet 1992;50:651-2.

28 Thyagarajan D, Byrne E, Noer AS, Lertrit P, Kapsa R,
Marzuki S. mtDNA in congenital myotonic dystrophy.
Am7Hum Genet 1993;52:207-10.

29 Poulton J. Reply to Thyagarajan. Am 7 Hum Genet 1993;
52:209-10.

30 Thyagajaran D, Byrne E, Noer S, et al. Mitochondrial DNA
sequence analysis in congenital myotonic dystrophy. Ann
Neurol 1991;30:724-6.

31 Poulton J, Sewry C, Potter C, et al. Variation in mito-
chondrial DNA levels in muscle from normal controls. Is
depletion of mitochondrial DNA in patients with mito-
chondrial myopathy a distinct clinical syndrome? 7 Inher
Metabol Dis 1995;18:4-20.

735

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.32.9.732 on 1 S
eptem

ber 1995. D
ow

nloaded from
 

http://jmg.bmj.com/

