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A unique junctional palindromic sequence in
mitochondrial DNA from a patient with
progressive external ophthalmoplegia
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Abstract
A polymerase chain reaction (PCR) based
procedure was modified to determine the
deletion of mitochondrial DNA (mtDNA).
The protocol consists of coamplification
both of deleted and wild-type segments of
mtDNA using a long PCR technique;
evaluation of the deleted portion within
the amplified DNA segments by restric-
tion enzyme digestion followed by densito-
metrical analysis; and direct subcloning
into a plasmid vector for DNA sequenc-
ing. The procedure revealed a 5.3 kb dele-
tion of mtDNA in the biopsied muscle
tissue obtained from a patient clinically
diagnosed with progressive external oph-
thalmoplegia. The 5' and 3' sequences at
both sides of the breakpoint comprise a
17 bp palindrome and 5 bp tandem re-
peats, suggesting that the deletion might
occur through slipped mispairing and
other novel mechanisms. This improved
procedure has the potential to detect dele-
tions occurring in the entire length of
mtDNA, and mighty be useful for clinical
screening of progressive external ophthal-
moplegia.
(J Clin Pathol: Mol Pathol 2000;53:333–335)
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Progressive external ophthalmoplegia is a
mitochondrial disease that aVects external
ocular and skeletal muscles.1 Deletions of
mitochondrial DNA (mtDNA), a few bases to
10 kb in size, were detected in more than 70%
of patients with progressive external ophthal-
moplegia.2 MtDNA deletions were also found
in other mitochondrial diseases,3 4 as well as in
aged patients and those with Alzheimer’s
disease.5 Although the mechanisms underlying
these deletions are not completely understood,
their preferential occurrence at the sites flank-
ing direct repeats implies that slipped mispair-
ing might play a role in the deletion event.4 6

Goto and colleagues7 reported a polymerase
chain reaction (PCR) based protocol that is
combined with restriction enzyme digestion.
That technique is based on the mobility shift of
digested bands in the gel; however, if the dele-
tion generates a digested DNA band that

comigrates with any DNA band observed in
the control samples the diagnosis becomes
misleading. Therefore, we modified Goto’s
procedure, thereby enabling us to determine
the size of a deletion precisely. Using this pro-
cedure, we analysed the junction sequence in
the deleted mtDNA of one patient with
progressive external ophthalmoplegia.

Materials and methods
A 54 year old woman had manifested a right
ptosis since she was 18 years old. The weakness
of her proximal extremities gradually devel-
oped. The neurological examination showed
the right ptosis, external ophthalmoplegia, and
mild weakness in facial muscles and proximal
extremities. A histopathological examination
on the biopsied right biceps muscle demon-
strated ragged red fibres, suggesting that she is
aVected with progressive external ophthalmo-
plegia. The patient’s and other DNA samples
were extracted from biopsied muscle tissues by
a standard procedure after informed consent,
and these samples were subjected to PCR using
two diVerent primer sets—P1001/P1004 and
P1002/P1003—according to Goto et al.7 These
primer sets amplify a 11.2 kb (long (L);
nt 5205–16 425) and 5.3 kb (short (S);
nt 16 436–5204) fragment, respectively. Modi-
fied PCR was carried out as follows: the PCR
mixture consisted of 0.5 U of Taq DNA
polymerase (Takara Ex Taq; Takara, Kyoto,
Japan), 2.5 mM MgCl2, 0.4 mM of each
dNTP, and 0.2 mM of each primer; the PCR
conditions comprised an incubation at 94°C
for five minutes for prereaction (hot start), fol-
lowed by 22 cycles of denaturation at 94°C for
30 seconds, annealing at 55°C for 30 seconds,
and extension at 72°C for eight minutes, with a
final additional extension at 72°C for 10
minutes. We concluded that a concentration of
approximately 2.5 ng/ml target DNA was opti-
mal. PCR products were then electrophoresed
on a 1% agarose gel, stained with ethidium
bromide, and photographed. We successfully
amplified L (11.2 and 5.3 kb) and S (5.3 kb)
fragments by applying our modified PCR pro-
cedure (data not shown) to mtDNA isolated
from biopsied muscle tissues. We purified
two L segment bands from the gel using one
step spin columns (GenEluteTM agarose spin
columns; Supelco, Bellefonte, Pennsylvania,
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USA), and digested them with a combination
of three restriction enzymes: BamHI, XbaI,
and HindIII. Electrophoretograms were ana-
lysed densitometrically using an NIH image
program (Wayne Rasband, NIH image, version
1.60). We revealed that another S fragment
could also be analysed with the same enzyme
sets. We subcloned the 5.3 kb fragment, which
is probably formed de novo by the deletion (see
below), into the BamHI/XbaI site of a cloning
vector (pBluescript SK; Toyobo, Osaka, Japan)
for sequencing. The plasmid was purified with
a kit (QIAprep spin miniprep kit; Qiagen
GmbH, Hilden, Germany) and subjected to
sequencing using the ALF DNA sequencer
according to the manufacturer’s instructions

(Pharmacia, Uppsala, Sweden). Sequences
were compared with the reported human
mtDNA sequence (GenBank, J0145)8 using
DNASIS software (version 3.6; Hitachi,
Tokyo, Japan). As controls, we also analysed
DNA samples isolated from the muscle tissue
of two patients with polymyositis, and blood
DNA samples from three healthy subjects and
nine patients with neurological disorders.

Results and discussion
Eight consecutive bands were seen in the gel
after amplified DNA was digested with the
three restriction enzymes (fig 1). Densitomet-
ric scanning of the electrophoretogram of
unaVected subjects showed a gradual decrease
of the eight peaks, from A through H (fig 1,
panel I), whereas that of the patient showed a
unique densitometrical pattern (fig 1, panel II).
The intensities of the four bands B, C, D, and
H were weaker than the normal control,
suggesting that these bands are deleted (fig 1,
panel II). The 5.3 kb band was purified from
the gel, digested with enzymes, and analysed
densitometrically. The result indicated that the
bands B, C, D, and H were missing (fig 1, panel
III), whereas the band G was not (fig 1, panel
II). Enzyme digestion of the S segments of the
unaVected subjects yielded three fragments, of
1328, 1760, and 2250 bp in size, and these
bands appeared to be the same size as the
bands from the patient’s S segment (data not
shown).

The band *G was subcloned and sequenced.
Figure 2 demonstrates the position of the

Figure 1 Electrophoretic patterns of the digested bands (photographs at the left side of each graph) of the L segment and
its densitometrical analysis (graphs at the right side to the photographs). I, PCR product of an unaVected subject; II, PCR
product of the patient with progressive external ophthalmoplegia; III, a purified *5.3 kb segment from the patient with
progressive external ophthalmoplegia. Bands A through H correspond to the fragments within the L segment of
mitochondrial DNA (left upper panel).7 *G in panels II and III indicates the DNA segment in question. RI, relative
intensity. Distance, migrating distance of DNA segments in gel.
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Figure 2 Possible location of the breakpoint (nt 7547–13 475), length of the deleted
segment (5927 bp), sequences flanking the breakpoint, and genes encoded within the
deletion. Underlined nucleotides at nt 7547 and 13 475 indicate the 17 bp palindrome and
5 bp tandem repeats.

GTCAAAGTTAAATTATAGGCTAAATCCTA

CTTTTTCAAAAAGGTATTAGAAAAACCATTTCATAACTTTTAGCAGGAATACCTTTCCTCACAGGTTTCTACTCCAAAGA

 Patient sequence

 Deleted segment

 tRNA(Asp)  ND5
 (7547)

COII, tRNA(Lys), ATP8, ATP6, COIII, tRNA(Gly), ND3, tRNA(Arg), ND4L, ND4, tRNA(His), tRNA(Ser), tRNA(Leu)

 (13 475)

CAACCTCCCTCACCATTGGCAGCCTAGCAT

 5927 bp
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breakpoint (7458 and 13 427)8, the size of the
deleted segment (5927 bp), and the sequences
flanking the breakpoint. Sequences of 7458
and 13 427 bp in size comprise a 17 bp palin-
drome (TAACTTTGTCAAAGTTA) and
5 bp tandem repeats with the insertion of a T
inbetween the repeat (TAGCATTAGCA) (fig
2). As a result, portions of the genes encoding
transfer RNA (tRNA(Asp)) and ND5, and the
entire genes for COI, COII, ATPase 6 and 8,
COIII, ND3, ND4L, and ND4 are deleted in
the mtDNA of this patient (fig 2; tRNA to
ND5). All healthy and diseased controls
subjects showed no evidence of mtDNA
deletion.

With our simplified procedure we were able
to determine a deletion of mtDNA from a
patient with progressive external ophthalmo-
plegia who started to show the disease pheno-
type at an early age. Several procedures have
been used previously to determine deletions in
mtDNA.4 Goto and colleagues7 reported the
use of a PCR technique to amplify two portions
of mtDNA—an 11.2 kb segment L (nt 5205–
16 425) and a 5.3 kb segment S (nt 16 436–
5204), which cover the entire length of
mtDNA, with the exception of 11 bp within
the D loop region, in combination with restric-
tion enzyme digestion. In theory, if there is a
deletion in the L segment, after the restriction
enzyme digestion, several normal bands within
the deleted region should disappear and an
extra band, consisting of the 5' and 3' flanking
remnants, should appear on the gel. When this
band occasionally migrates to a position similar
to one of the normal bands, it is impossible to
distinguish the deletion or the breakpoint posi-
tion and sequence. Densitometric analysis of
the electrophoretograms is an alternative way
to overcome this problem because the staining
intensity of a particular band stained with
ethidium bromide in an agarose gel is propor-
tional to its amount. In fact, the eight bands
derived from the wild-type 11.2 kb DNA
showed a gradual decrement in terms of the
peak height from A through to H, whereas the
DNA from the patient showed low peaks of
bands B, C, D and H, indicating that these
bands are deleted. Because the G segment is
located inbetween the C and D segments (fig
1), the band pattern in this patient implies two
possibilities: (1) the BamHI/XbaI digestion of
the L segment gave rise to a new band (*G in
fig 1), which comigrates with the normal band
G; or (2) the G segment might be spared from
the deletion. We subcloned the band *G of the
patient into a pBluescript vector whose multi-
ple cloning sites include those for the restric-
tion enzymes used in our study. We were able to
determine the sequences flanking both deletion
junctions, and concluded that the apparent
band G derived from a deleted mtDNA is a

newly formed segment, and does not result
from a skipped deletion. By evaluating the
digestion pattern with the same three restric-
tion enzymes, we also confirmed that the other
5.3 kb S segment is not deleted.

The upstream deletion breakpoint is located
at the middle of the 17 bp palindromic
sequence and this sequence is not identical to
the 13 bp direct repeats.4 9 The palindromic
sequence has not been reported before, but it is
not clear how this unique sequence plays a role
in the deletion event. By contrast, the down-
stream deleted sequence is half of a 5 bp
tandem repeat and this is exactly the same
sequence as that reported by Hammans et al.9

A tandem repeat has been assumed to cause a
microdeletion through a skipped mispairing
mechanism.4 6 Furthermore, the deleted seg-
ment that we found in our study includes both
the reported AT rich and polypyrimidine
stretches that might give rise to a unique three
dimensional structure.4 These upstream and
downstream sequences within the mtDNA
probably predispose this part of the DNA to
the deletion event. Progressive external oph-
thalmoplegia is caused not only by deletions in
mtDNA,2 but also by point mutations at
nt 3243 and other positions.10 However, be-
cause more than 70% of patients with progres-
sive external ophthalmoplegia possess mtDNA
deletions,2 our modified procedure would
facilitate the clinical diagnosis of progressive
external ophthalmoplegia.

We gratefully acknowledge Drs Makino, Nagakane, Ohshima,
and Nakajima for introducing the patient with progressive
external ophthalmoplegia for our study.
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