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SUMMARY The mitochondrial myopathies are a heterogeneous group of disorders some of which
may be caused by mutations in the mitochondrial genome. Mitochondrial DNA from 10 patients
with mitochondrial myopathy and their mothers was analysed using five restriction enzymes and
11 mitochondrial probes in bacteriophage M13. No abnormalities were found in seven out of the
10 patients. Polymorphisms which have not previously been reported were detected in three
patients and two of their mothers. These results exclude the presence of deletions or insertions of
greater than 60 bp in the region of the mitochondrial genome examined. Any causative
mitochondrial DNA mutations in these disorders are therefore likely to be point mutations or

small structural rearrangements.

The mitochondrial myopathies comprise a clinically
heterogeneous group of disorders characterised by
the accumulation of structurally abnormal mito-
chondria in skeletal muscle.1-3

Biochemical studies on mitochondria isolated
from skeletal muscle have identified defects at a
number of sites including complex I (NADH-
ubiquinone reductase), complex III (ubiquinol-
cytochrome C oxido-reductase), complex IV
(cytochrome oxidase), and ATPase. 3
The genetic basis of these disorders is uncertain.

Of particular interest is the occurrence of a high
incidence of maternal transmission in some
families.-5 Indeed, there is one extensive pedigree
with nine affected subjects and exclusively maternal
transmission not explicable by autosomal or X
linked recessive inheritance, where the authors
reported the probability of autosomal dominant
inheritance to be as low as 0-0005. As mitochond-
rial DNA is maternally inherited,6 this observation
led to the suggestion that the pattern of inheritance
reflected the transmission of an abnormality within
mitochondrial DNA.4 While the majority of compo-
nents of the respiratory chain are encoded in the
nucleus, the mitochondrial genome is known to code
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for apocytochrome B, and some subunits of cyto-
chrome oxidase, ATPase, and complex I.7 8 Func-
tional abnormalities of these components have been
identified in some patients with mitochondrial
myopathy. It is possible, therefore, that in some of
these patients the causative mutation lies within the
mitochondrial rather than the nuclear genome.
Approaches to investigating this problem include

analysis of the mitochondrial protein products,
which poses considerable technical problems, or of
the mitochondrial DNA. The elucidation of the
complete sequence of human mitochondrial DNA
by Anderson et al7 makes DNA analysis an
appropriate alternative. Restriction mapping may
be used to identify major alterations and to survey in
detail that small segment of the base sequence
comprising the enzyme recognition sites. However,
DNA sequencing is necessary to exclude smaller
changes, such as point mutations, throughout the
genome.

In this study restriction mapping has been used as
the necessary preliminary investigation to exclude
major DNA alterations in 10 patients with mito-
chondrial myopathy and their families. Eleven
probes, including those corresponding to regions
coding for relevant protein subunits, were used in
order to maximise unambiguous regional detail (fig
1).
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Patients

Ten patients with mitochondrial myopathy were

studied. Details of their clinical features, together
with the results of histological and biochemical

investigations are shown in the table. Nine of the
patients' mothers were alive and available for study.
One had died from mitochondrial myopathy, and in
one case the mother was affected, as demonstrated
by histological criteria, and probably both sibs (fig
2). Six patients have been reported previously, as
indicated. Normal subjects were included as con-
trols. Ethical permission was granted by the Central
Oxford Research Ethics Committee.

Materials

Restriction enzymes were obtained from Boehringer
Mannheim, Amersham International, and Pharma-
cia, and used according to the manufacturer's
instructions. Nylon filters (Hybond N) and [a-32P]
dCTP (PB 10205, specific activity 3000 Ci/mmol/)
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FIG 1 The human mitochondrial genome showing location
of probes used. COI to COIJI: subunits 1 to 3 of
cytochrome C oxidase. NDJ to ND6, and ND4L: subunits
I to 6 and 4L of NADH-dehydrogenase. A TPase 6 and 8:
subunits 6 and 8 of H+-ATPase. Cyt b: apocytochrome
B. 1-11: regions corresponding to probes I to 11
referred to in text. 0: transfer RNAs.

FIG 2 Pedigree offamily 6. Patients 1.2, II., and III.3
all had a similar disease to the proband, apart
from age of onset. They died aged 35, 15, and 10
from respiratory failure. Patient I1.3 had
progressive pain on exercise and weakness from the
age of 17 and is now wheelchair bound.

TABLE Patients studied.

Patient Age at Sex Clinical Family Investigations References
No onset (y) category* history

Muscle Site of
histology: biochemical
ragged red defect:
fibres complex

1 14 M I - + I 9
2 1 M I - +
3 14 M III - + NAS 3
4 8 M I - O. I & IV 10
5 8 F I - + NAS
6 17 F II Positive't + I
7 4 F III (MELAS) - + NAS
8 9 F III (MELAS) - + I 11
9 5 M III (MERRF) - + V (and 3

carnitine
deficiency)

10 6 F III (MERRF) - + III & IV 3

*Clinical categories I, II and III.3
tFamily history (see fig 2).
tElectron microscopy showed abnormal mitochondrial inclusions. Mitochondrial metabolism was previously studied on mitochondria isolated from skeletal
muscl. For methods see references 6, 10, and 11.
NAS, no abnormality seen.
MELAS. mitochondrial myopathy. encephalopathy, lactic acidosis, and stroke-like episodes.2
MERRF, myoclonic epilepsy and ragged red fibres.5

601

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.25.9.600 on 1 S

eptem
ber 1988. D

ow
nloaded from

 

http://jmg.bmj.com/


602 Joanna Poulton, Douglas M Turnbull, Atul B Mehta, John Wilson, and R Mark Gardiner

were obtained from Amersham International. Size
markers were obtained from Bethesda Research
Laboratories and reagents for oligonucleotide
labelling were from Pharmacia. A set of 11 probes
consisting of double stranded DNA in bacter-
iophage M13 complementary to specific regions of
the human mitochondrial genome were used (fig 1),
by courtesy of Professor G Attardi. These probes
are complementary to approximately 83% of the
protein reading frames and 70% of the total
mitochondrial genome.

Methods

Total cellular DNA was prepared from the white
cells of EDTA anticoagulated blood by standard
methods. 12 DNA was digested with each of the

m

1341

37_,

' Probe 6 Probe 7

following enzymes: Alul, DdeI, HaeIII, HinfI, and
TaqI. In selected patients double digests with Hinfl
and HaeIII and digestion with BstNI or digestion
with StyI were performed. Digested DNA (3 ,ug) was
separated by electrophoresis in 2.2% agarose gels
(4 volts/cm) and transferred to nylon filters by
Southern blotting. 13

Probes were labelled to an average specific
activity of 1 to 2x 109 dpm/,tg by the hexanucleotide
primer method.14 Hybridisation was carried out for
12 hours at 65°C (10% dextran sulphate, 1% SDS,
5 x Denhardt's, 5 xSSPE, 100 mg/ml salmon sperm
DNA, 125 [sg/ml tRNA). Post-hybridisation washes
were in 2xSSC, 0-1% SDS and 0-2xSSC, 0*1%
SDS at 65°C. Autoradiography (Fuji x ray films)
with intensifying screens was at -70°C for 12 to 96
hours.
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FIG 3 Site changes in case 1. Autoradiographs of AluI digest of case 1 (1), his mother (IM), and two controls
(Cl, C2), hybridised with (a) probe 6 showing replacement of the normal 1341 fragment with a
375 fragment and (b) probe 7 showing replacement of the 1341 fragment with a 966 fragment. (c) Restriction map of bases
8305 to 9645 of the mitochondrial genome.
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Results and discussion

The restriction fragment sizes predicted from the
human mitochondrial DNA sequence7 were detected
for each combination of restriction enzyme and
probe. The smallest fragment size detected was 116
bases. In seven patients the restriction fragments
detected did not differ from those predicted from
the known sequence and previous population poly-

b
rN

(, 1,S.~~b
C1 4 C2 C1 4 C2

morphism data.7 15 These results exclude the exist-
ence of major rearrangement insertions or deletions
of greater than 60 base pairs within the region of the
mitochondrial genome examined. They also exclude
point mutations within the 5% of the portion of the
mitochondrial genome examined, which comprised
the restriction sites surveyed.
New mutations were identified in three patients

and in two of their mothers. In patient 1 and his
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FIG 4 Site changes in case 4. Autoradiographs of (a) HaeIII digest of case 4 (4) with two controls
(Cl, C2) hybridised with probe 8 to show replacement of normal 811 fragment by 542 and of normal 187 fragment
by 156. (b) Digest with HaeIII and HinfI hybridised with probe 8 to show replacement of normal 612 fragment by
a 343 fragment and replacement of 156 fragment by 187 fragment. (c) Digest with HaeIII hybridised with
probe 9 to show replacement of 811 fragment by 269 fragment. (d) Autoradiograph of BstNI digest of case 4a (4), his
sister (4S), and two controls (Cl, C2) hybridised, with probe 9 to show replacement of normal 4713 base
and 1018 base fragments by 3608 and 2123 fragments. (e) Restriction map of bases 7975 to 13 705 of the
human mitochondrial genome.
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mother, digestion with AluI resulted in two new
fragments of 375 and 966 bases replacing the normal
1-34 kb fragment. These were shown by probes 6
and 7, respectively (fig 3). Because transitions occur
much more frequently than transversions,16 the
most likely position can be inferred by searching for
semi sites. This suggests a new AluI site at 8679 base
pairs, in the region coding for ATPase subunit 6,
caused by an A-G transition which would not result
in an amino acid change.

Digestion of DNA from patient 4, his sister, and
his mother with HaeIII showed one new polymorph-
ism and one which has been described previously.
The normal 811 base fragment is divided into 542
and 269 base pairs at a new HaeIII site shown by
probes 8 and 9, respectively (fig 4a, c). A double
digest with HaeIII and HinfI suggests that the
mutation creating the new HaeIII site is located at
10 097 base pairs (fig 4b). Secondly, the normal 156
base HaeIII fragment was replaced by a 187 base
fragment (fig 4a), as has previously been described.15
This is consistent with a HaeIII site loss at position
8995. In addition, digestion with BstNI and hybrid-
isation with probe 10 (fig 4d) shows replacement of
the normal 4713 and 1018 base fragments by two
fragments of size 3608 and 2123 bases. This, again,
suggests a BstNI site gain around 10 097, and a BstNI
site loss around 8995. This indicates that the most
likely point mutation at 10 097 is an A-G transition
lying within the recognition sites of both HaeIII and
BstNI. This is the third base in a codon in the
reading frame of ND3 and would not result in an
amino acid change. Similarly, the most likely cause
of the BstNI and HaeIII site losses around 8994 is a
G-A transition either at position 8994 or at 8995.
The former is the third base in a codon in the
reading frame of ATPase 6, and would not result in
an amino acid change; the latter would result in
replacement of alanine with threonine.

In patient 3, digestion with DdeI and hybridisa-
tion with probe 11 showed replacement of the 292
band by a 238 band. This site gain could be located
at either 15 758 or 15 945, and the latter was excluded
by obtaining normal restriction fragments with StyI.
Thus, the most likely mutation is a G-A transition at
15 758, which would give rise to replacement of an
isoleucine residue with valine.

Neither of these two amino acid changes is likely
to affect the properties of the proteins substantially.1
However, their true location and significance must
await further analysis by DNA sequencing and
immunoelectrophoresis of protein products.
Two of the three new mutations found in this

study were present in asymptomatic mothers of two
patients and in one sib, and could therefore be
uncommon population polymorphisms of no patho-

logical significance. However, clinical studies sug-
gest that penetrance is variable and apparently
unaffected relatives may have histologically abnor-
mal mitochondria.4 In addition, age of onset of
symptoms may be very variable even within a family
(case 10). Neither of these parents has been
investigated, and even muscle biopsy could not
unequivocally exclude a mild defect in an unbiopsied
muscle. There have been only two previously
reported DNA studies of mitochondrial myo-
pathy.18 19 Although they identified population
polymorphisms, they did not find any alterations
which they considered to be of pathological signi-
ficance. Both of these studies used total mitochond-
rial DNA as a probe, which may give ambiguous
results. Our study has taken this a step further by
using a series of probes to give more regional detail
over a range of patients and has excluded deletions,
insertions, or rearrangements of 60 base pairs or
above from 83% of the protein reading frames (fig
1). Regional probes were not available for the
remaining 17%, as this region is peculiarly resistant
to cloning. The rest of the genome is probably not
relevant to the defects in these particular patients.
The 13 reading frames of the mitochondrial

genome encode only a small minority of the known
protein subunits of the electron transport chain. The
remainder are encoded by nuclear genes, and in
addition there must be many regulatory genes
involved in assembly. These figures suggest that
most cases of mitochondrial myopathy are the result
of mutations in nuclear genes and would occur
sporadically or follow an autosomal recessive inheri-
tance pattern. The majority of biochemical defects
in man have such a mode of inheritance.20 However,
Wallace et a12' have pointed out that the higher
mutation rate of mitochondrial DNA as compared
with nuclear DNA may increase the likelihood of
fixation for mitochondrial mutations. If so, a mito-
chondrial mutation is a reasonable hypothesis in
families with apparent maternal inheritance.
The patients in this study were a representative

group of cases of mitochondrial myopathy occurring
after the neonatal period,'-3 22 and in no case was
the diagnosis in doubt. Mitochondrial DNA ex-
tracted from white cells is almost certainly identical
to that found in skeletal muscle,23 although hetero-
plasmy occurs rarely in cows.24 However, hetero-
plasmy does remain a theoretical possibility and
might conceivably explain the distribution of
affected tissues in mitochondrial myopathy and the
variation in severity within a family. In this unlikely
event, mitochondrial DNA from white cells might
be unrepresentative and not reflect the type found in
skeletal muscle.

In conclusion, these results show that large
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deletions or insertions are not present in the
mtDNA of a representative selection of patients
with mitochondrial myopathy. If these disorders
result from mutations in mitochondrial DNA these
are likely to be point mutations or small structural
rearrangements.
Changes in restriction fragment size explicable by

such mutations were observed in three out of 10
patients. It is likely that these represent silent
population polymorphisms. Identification of patho-
logically significant mutations in the mitochondrial
genome of patients with mitochondrial myopathy
will require sequence analysis of appropriate regions
and biochemical studies of the corresponding pro-
tein subunit.
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