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d Unidad de Xenética, Instituto de Medicina Legal, Facultad de Medicina, Universidad de Santiago de Compostela, 15782,

Centro Nacional de Xenotipado (CeGen), Hospital Clı́nico Universitario, 15706 Galicia, Spain
e Institute of Legal Medicine, Albert Ludwig University Freiburg, 79104 Freiburg, Germany

Received 11 April 2005
Available online 20 April 2005
Abstract

An up-to-date view of the worldwide mitochondrial DNA (mtDNA) phylogeny together with an evaluation of the conservation
of each site is a reliable tool for detecting errors in mtDNA studies and assessing the functional importance of alleged pathogenic
mutations. However, most of the published studies on mitochondrial diseases make very little use of the phylogenetic knowledge
that is currently available. This drawback has two inadvertent consequences: first, there is no sufficient a posteriori quality assess-
ment of complete mtDNA sequencing efforts; and second, no feedback is provided for the general mtDNA database when appar-
ently new mtDNA lineages are discovered. We demonstrate, by way of example, these issues by reanalysing three mtDNA
sequencing attempts, two from Europe and another one from East Asia. To further validate our phylogenetic deductions, we
completely sequenced two mtDNAs from healthy subjects that nearly match the mtDNAs of two patients, whose sequences gave
problematic results.
� 2005 Elsevier Inc. All rights reserved.

Keywords: Mitochondrial DNA; Phylogeny; Mitochondrial disease; Phantom mutation; Documentation error; Mitochondrial encephaloneuro-
myopathy; Dilated cardiomyopathy; Nonsyndromic deafness
Much of the early understanding of human mtDNA
variation in the coding region was owing to the field
of medical genetics. Indeed, in the 1990s the only avail-
able complete mtDNA sequences were generated in con-
nection with medical studies, although these early
sequencing efforts had to be considered with some reser-
vation because of obvious shortcomings [1,2]. When
complete sequences accumulated, accompanying phylo-
genetic analyses were very rare and not fully satisfactory
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[3–5]. Phylogenetic approaches to mtDNA analysis,
relying on the specific characteristics of maternal inher-
itance of mtDNA, are being exercised to some extent
only in the fields of forensic and population genetics
but hardly ever in purely medical studies. Worse, the
growing body of >1700 published complete mtDNA se-
quences is notoriously ignored in medical research. A
more fluid interplay between medical, forensic, and pop-
ulation genetics could improve the quality of complete
mtDNA sequencing results and promote a better under-
standing of the molecular basis of mitochondrial disor-
ders. In what follows, we critically examine three
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mtDNA complete sequencing attempts that were re-
cently published in this journal, and thereby we exem-
plify the stringent need of using the currently available
phylogenetic knowledge for performing mitochondrial
disease studies with better focus.

Conceptually, each mtDNA occupies a place in the
worldwide mtDNA phylogenetic tree according to the
observed mutations scored relative to the revised Cam-
bridge reference sequence (rCRS) [6]. Because of the large
amount of available sequence information both the back-
bone and younger branches of the world phylogeny are
now known to some detail, so that every newly sequenced
mtDNA should fit into one of the branches of the
mtDNA tree. When an mtDNA sequence does not prop-
erly fit, then either it could represent a rare basal branch
hitherto unobserved or alternative hypotheses should be
taken into consideration. Since there is no biological pro-
cess that would explain back mutations simultaneously
occurring at several positions in the same mtDNA, arte-
facts would be the only explanation in such a case.

Sequencing of mtDNA and subsequent documenta-
tion do not always run smoothly and may result in se-
quences that deviate from the real mtDNA sequences
at several positions. Among sequencing artefacts, the
most common ones are contamination or sample mix-
up events, which commonly lead to artificial recombi-
Fig. 1. Section of the European and East Asian mtDNA phylogeny highlight
rCRS [6] and designate transitions unless a suffix indicates a transversion (A,
underlined. Squares to the left of nucleotide positions indicate potential overs
refer to Patient 1, 2, 3, 4, 5, and 6, respectively, from [22], whereas Y1, Y2, Y
[37].
nants [7–9], and documentation errors due to defective
data handling and sequence documentation [10].
Material and methods

Since the mtDNAs in medical cases considered here are of Euro-
pean and East Asian ancestry, we refer to the up-to-date information
provided for Europeans [11–13] and East Asians [14,15], supplemented
by coding-region information [16,17]. For easier reference we employ
the standard haplogroup nomenclature, which is routinely being up-
dated and refined in order to reflect the current state of phylogenetic
knowledge. For the sake of clarity, Fig. 1 displays the branches
(haplogroups) of the Eurasian portion of the mtDNA tree that high-
light the main errors in the publications commented below.

Not all of the mutations allocated to the branches of this tree are
equally informative for classification purposes. For instance, length
polymorphisms of polycytosine stretches (e.g., 309+C, 309+CC, or
A16183C) and dinucleotide repeats (such as [522–523]del), or some
extremely frequent substitutions (T152C, T16519C, for example)
constitute mutational hotspots. Ancestral haplotypes cannot always be
inferred unambiguously in regard to these hotspots, and therefore
some of these mutations are not displayed in large mtDNA trees
[11,14]. The hypervariable segments I and II (HVS-I and HVS-II) of
the mtDNA control-region harbour several positions that are very
frequently hit by transitions [18]. In Fig. 1, we highlighted potential
oversights also at those hotspot positions in the control region, because
there is clear evidence that part of the control region was systematically
left unanalysed in those publications (see below). The coding region
(577–16023, including a few intergenic non-coding nucleotides) also
ing subhaplogroups discussed in the text. Position numbers refer to the
C, or T), an insertion (+), or a deletion (del). Recurrent mutations are
ights in published sequences, where inscribed P1, P2, P3, P4, P5, and P6
3, and Y4 refer to Pedigree 101, 102, 103, and 104, respectively, from
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has a handful of mutational hotspots (such as position 8251), as can be
inferred from counting recurrent events in Eurasian mtDNA trees.

A compiled mtDNA database encompassing the profiles of more
than 30,000 combined HVS-I/HVS-II sequences from the forensic and
population genetics literature is employed for comparison. In addition,
we make use of the SWGDAM database [19] with recent amendments
[20,21] that responded in part to the alarming findings of [8,9].

The complete mtDNA genomes of two healthy donors (one Chi-
nese and one Italian) were determined according to [11,12],
respectively.
Results

Snapshot of Italian mtDNA variation

Da Pozzo et al. [22] claimed to have analysed the
complete mitochondrial genome in six patients with
mitochondrial encephaloneuromyopathies. The mtDNA
lineages as recorded in their Table 1 all belong to famil-
iar European mtDNA haplogroups, but lack an aston-
ishing number of expected nucleotide variants. This
becomes evident when one compares the listed polymor-
phisms with the phylogenetic tree displayed in (Fig. 1 of
[11])—as we will now do, case by case.

Patient 1 (haplogroup U3a)

The majority of mutations for haplogroup U3a status
are in place, except for C7028T and all mutations in the
control region (such as the expected A73G, C150T,
A263G, 315+C, A16343G, and G16390A). Hence, only
the coding region was effectively sequenced. Of the three
mtDNA mutations, G3423T, A1530G, and A5498G,
observed in this patient that come on top of the U3a
motif, the first one is not real because, by mistake, this
refers to an erroneous base in the original reference se-
quence (CRS [23]) which is corrected in the revised Cam-
bridge Reference Sequence (rCRS [6]). It is then useful
to contrast the coding-region information of published
Table 1
Comparison of mtDNA coding-region sequences from haplogroup
U3a

Source Sample code Coding region

[22] P1 A1530G A2294G A5498G @7028
[24] U31 G3010A C7256T T10724C G15734A
[24] U32 C867T C7256T A10352G
[16,17] #52 A723C A2294G G3010A @6518
[16,17] #118 A723C A2294G G3010A C6496A A6716G
[16,17] #271 A2294GG3010A T4703C T10724C G15734A
[13] #5 G1719A A2294G T6050C A11050G T13215C

Mutations are listed with respect to the putative root of haplogroup
U3a according to [11], which is determined by the coding-region
mutations A750G, A1438G, A2706G, T4703C, A4769G, T6518C,
C7028T, A8860G, G9266A, A10506G, A11467G, G11719A,
A12308G, G12372A, C13934T, A14139G, C14766T, A15326G, and
T15454C. Mutation A2294G (in bold) likely belongs to the motif of
haplogroup U3a as well. Positions with back mutations to the corre-
sponding rCRS nucleotide are prefixed with @.
U3a sequences with the patient�s mtDNA; see Table 1,
which in fact reveals a number of problems with the
published record.

We suggest to resolve the rather confusing picture of
the variation within haplogroup U3a as follows. Inas-
much as the data of [24] are most unreliable (see [11]),
it is realistic to assume that A2294G was simply over-
looked in both U31 and U32 (Table 1). Moreover, the
three mutations G3010A, T10724C, and G15734A were
probably missed in U32 as well. It is then also possible
that C6518T might have been overlooked in #52. In
any case, we should revise the U3a motif proposed in
[11] by including the mutation A2294G.

Patient 2 (haplogroup HV1)

This mtDNA is also recorded with the false G3423T.
The mutations falling into the coding region and HVS-I
clearly indicate haplogroup HV1 membership [12]. An
exact match for HVS-I is found in USA.CAU.000157
from the SWGDAM database [19]. It thus becomes evi-
dent that the patient�s mtDNA lacks all mutations (at
least A263G, 315+C, and perhaps 249del plus
309+CC) to be expected in HVS-II. Of the three private
mutations, G709A, A13098G, and C14082G, the latter
might very well be a phantom mutation of the type fre-
quently found in the original data set of [16], where
GGC often changed to GGG artificially in a first por-
tion of the original data set [17].

Patient 3 (haplogroup I3a)
Again, the false G3423T is listed. We are seeing here

an mtDNA that is evidently a member of haplogroup I
(despite the absence of G8251A) but that does not be-
long to the two subhaplogroups, I1 and I2, described
so far. Equally clear is that at least the mutations
A1438G, A2706G, C7028T, and C14766T were over-
looked and that the whole variation in the major part
of the control region, say, 16194–576, was missed in
the mtDNA analysis of this patient. A quick search
for a perfect match of the motif T16086C, G16129A,
C16223T for the range 16086–16223 in the SWGDAM
database yields two sequences. They both bear T239C
(and further mutations) plus the haplogroup I marker
T250C. Then another search for a perfect match of the
motif T239C, T250C for the range 239–250 gave another
hit, so that we filtered out the three HVS-I/HVS-II se-
quences from the SWGDAM database that are poten-
tially related to the patient�s mtDNA (Table 2).
Further near-matches are obtained by searching
through >30,000 published HVS-I sequences for the mo-
tif T16086C, G16129A, and C16223T. This suggests that
the mutations T152C, G207A, and T239C, together with
some of the seemingly private coding-region mutations
G2849A, A13395G, and T14783C of Patient 3, may
characterize a new subhaplogroup of haplogroup I.
Searching for entries in the SWGDAM database having



Table 2
mtDNA sequences from haplogroup I3

Source Sample code HVS-I HVS-II HVS-III Coding region
[partial screening]a

[22] P3 T16086C n.d. n.d. @1438 @2706
G2849A @7028
@8251 A13395G
@14766 T14783C

This study RM258 T16086C (T16519C) T152C G207A T239C 309+C 523+CACA
573.2+CCC

G709A G2849A
@8251 A13395G

[42] #114 T16086C T152C G207A T239C 309+C n.d. n.d.
[43] T16086C T152C G207A T239C n.d. n.d.
[19] USA.CAU.000637 T16086C T152C G207A T239C n.d. n.d.
[42] #115 T16086C G207A T239C 309+C n.d. n.d.
[19] USA.CAU.000366 T16086C T16263C

T16311C
T152C G207A T239C 309+C n.d. n.d.

[42] #119 — T152C G207A T239C 309+C n.d. n.d.
[42] #120 — T152C G207A T239C 309+CC n.d. n.d.
[43] — T152C G207A T239C 309+CC n.d. n.d.
[19] USA.CAU.000473 A16235G C16260T C150T T152C G207A T239C 309+C n.d. n.d.
[34] #54 A16235G C16260T C150T T152C G207A T239C 309+C n.d. n.d.
[31]/this studyb #7 — (T16519C) T152C G207A T239C 309+C 523+CACA

573.2+C
[—]

[31]/this studyb #15 — (T16519C) T152C G207A T239C C456T 523+CACA
573.2+CCCCc

[T8260C]

Mutations are listed with respect to the root of haplogroup I, which is determined relative to rCRS by mutations A73G, T199C T204C, T250C,
A263G, 315+C, 573+CC (= 573.2), A750G, A1438G, G1719A, A2706G, A4529T, A4769G, C7028T, G8251A, A8860G, T10034C, T10238C,
A10398G, G11719A, G12501A, C12705T, A13780G, C14766T, G15043A, A15326G, A15924G, G16129A, C16223T, and G16391A [11]. Bracketed
mutation T16519C was only screened in this study; @ designates a back mutation; n.d., not determined.
a Results (relative to the root of haplogroup I) of sequencing the fragments 577–725, 2543–3455, 7989–8509, 13370–13674, and 14780–14950 are in

square brackets.
b HVS-I, II, III were amplified and resequenced with primers described in [31], but using BigDye terminator chemistry (version 1.1) and capillary

electrophoresis (310 Genetic Analyzer), leading to a revision of the HVS-III parts.
c With length heteroplasmy.
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the three mutations T204C, G207A, and T250C yields
another ten sequences without T239C; all ten sequences
share the additional mutations G16129A, C16223T,
A73G, T152C, T199C, A263G, and 315+C, so that we
are possibly seeing a more basal subhaplogroup lacking
T239C.

In order to confirm our expectation, we have com-
pletely sequenced the mtDNA of a (healthy) subject
(RM258) from Rome, for which the HVS-I sequence
yielded a perfect match with USA.CAU.000637 (Table
2). As a result we detected three of the seemingly private
coding-region mutations of Patient 3 (relative to the root
of haplogroup I) also in the Roman subject. Leaving
aside four back mutations as potential oversights, only
a single coding-region change appears to be a private
mutation of Patient 3, namely, the synonymous mutation
T14783C. This proves that we have indeed found an
mtDNA very closely related to the patient�s mtDNA.
We therefore tentatively identified I3—a new subhaplo-
group of I, with the characteristic mutation array
T152C, G207A, T239C, 523+CACA, and 573.2+C. It
then seems that G2849A, @8251, A13395G, and
T16086C are diagnostic for a subhaplogroup, I3a, of I3.
Patient 4 (haplogroup T1a)

We should disregard G3423T as before. Haplogroup
status T1 is well supported, but G709A, A750G,
A2706G, G11719A, and all mutations within, say,
16194–576, have been missed. The coding-region muta-
tion C12633A characteristic of subhaplogroup T1a has
been misscored as C12633T. The patient�s mtDNA does
not possess the mutation T9899C previously regarded as
characteristic of T1a. Intriguingly, mtDNA sample #87
from [16,17] does not show this mutation either but
bears two of the patient�s mutations, G7853A and
C15295T, so that G15110A appears to be the single pri-
vate mutation in the patient�s mtDNA.

Patient 5 (haplogroup U1a1)

The mtDNA sequence belongs to haplogroup U1a
but lacks the mutations G6026A, C14766T, A15326G,
and the whole variation in, say, 16194–513. The (hot-
spot) mutations A16183C and T16189C typically seen
in this haplogroup might be misscored here as
A16183G and C16188T. A comparison with sequence
#250 from [16,17], sequence K4b from [25], and se-
quence #18 from [13] allows us to conclude that
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A385G plus the four mutations (522–523)del, 3158+T,
G3591A, and A13422G recorded for the patient�s
mtDNA define a subhaplogroup, U1a1, of U1a.

Patient 6 (haplogroup U7)

This mtDNA sequence qualifies as a haplogroup U7
member, albeit with nearly the whole control region left
unanalysed and the necessary mutations A750G,
C7028T, C14766T, and A15326G unrecorded. Unfortu-
nately, the uncertainty whether any further mutation
might have been missed in this sequence does not help
to resolve the conflicts between the haplogroup U7
sequences published so far. In particular, the lineages
from [24,26] might lack some mutation(s), whereas
we contend that the U7 sequence from [13] and the con-
sensus of three U7 sequences from [11] are quite reliable
(Table 3).

We conclude that the six mtDNA sequences provided
by [22] essentially constitute incomplete coding-region
sequences, missing numerous mutations, especially from
the nine coding-region mutations that distinguish rCRS
from the root haplotype of the superhaplogroup R (to
which all six sequences but one belong). Although rare
instances of single back mutations at these sites have
been observed among >2100 coding-region sequences
from human population genetics, such a massive muta-
tion loss must be generated by oversight and non-strin-
gent use of the correct reference sequence; cf. [27]. An
error load of �4 mutations per coding-region sequence
is certainly unacceptable for medical studies.

Palimpsest of German mtDNA variation

Ruppert et al. [28] asserted that they ‘‘analysed the

whole mitochondrial genome in a series of 45 patients with

DCM [dilated cardiomyopathy] for alterations and com-

pared the findings with those of 62 control subjects.’’
These authors, however, performed mutation screening
of the mtDNA with dideoxy fingerprinting of the PCR
products. Their Table 1 is intended to list all ‘‘point
mutations in tRNA/rRNA genes, in the D-loop region as

well as in non-coding regions of the mtDNA.’’ However,
Table 3
Comparison of mtDNA coding-region sequences from haplogroup U7

Source Sample code Coding region

[22] P6 @750 @980 @3741 @5360 @7028 C81

[26] #146/147 T9480C T10084C
[24] U7 C3741T C8137T T10084C A10382G T

[11] B19 C3741T C8137T C8684T T13500C G1

[11] B81 C3741T C8137T C8684T T13500C G1

[11] C22 C3741T C8137T C8684T T13500C G1

[13] #13 T961C 965 + CCC C3741T C8137T C8

Mutations are listed with respect to the putative root of haplogroup U7 ac
A750G, T980C, A1438G, A1811G, A2706G, A4769G, C5360T, C7028T, A8
and A15326G; mutations in bold likely belong to the root motif, too; @ de
less than a handful of mutations in HVS-I among 107
subjects were found (G16110C, T16126C, and
T16189C). The familiar 9-bp deletion (8281–8289)del
and the 9-bp insertion 8289 + CCCCCTCTA in the
intergenic region between COII and tRNALys are mis-
coded as 11 bp indels. Nearly all mtDNAs outside
haplogroup H2 possess A1438G, but this mutation
was reported in only a single control subject in their Ta-
ble 2. Therefore, A and G at 1438 were effectively inter-
changed. The rRNA mutation A2706G signifying non-
membership to haplogroup H is expected to occur with
a relative frequency of 50–60% in most parts of Europe
(Table 1 of [12]), but this polymorphism is not recorded
in [28]. The mutation G15928C characteristic of haplo-
group T occurs six times in the data set and thus nearly
with the expected frequency, but none of the other three
companion T markers A750G, G1888A, and T10463C
in rRNA/tRNA genes were found to be polymorphic
in this data set. This indicates a massive oversight of
polymorphic sites in the coding region.

The variation detected in the third hypervariable seg-
ment (HVS-III, with range 438–576) also seems to be
dubious. The frequent occurrence of the mutation
C570T (12%), which is not found at all in the SWG-
DAM database of 1905 mtDNA sequences covering this
part of the control region, is most suspicious. On the
other hand, the expected haplogroup J mutation
T489C is absent from (Table 1 of [28]), although, among
the listed mutations, the motif A188G, G228A, and
C295T together with the coding-region mutation
C6464T clearly point to the presence of subhaplogroup
J1c1 (in two controls). Poor sequencing results for HVS-
III are not uncommon, especially in the region �530–
570, which may be difficult to read under certain
circumstances (A. Brandstätter, unpubl. data), as is,
e.g., testified by the numerous ambiguous nucleotides re-
corded in the SWGDAM database for that region.

Table 2 of [28] is supposed to list only ‘‘new’’ poly-
morphisms, but at least 20 of those mutations have al-
ready been published, some of which even date back
to the data set published in [29]. Interestingly,
A3360G, A5378G, and A10825G, each found with fre-
37T C8684T T10084C A13395G T13500C G14569A @14766 @15326

13500C T14798C T15601C
4569A C5486T T13281C
4569A C5486T T13281C A9476G
4569A A7673G C14131T A15244G
684T T10084C A11065G T13500C G14569A A15671G

cording to [11], which is determined by the coding-region mutations
860G, C10142T, A11467G, G11719A, A12308G, G12372A, C14766T,
signates a back mutation.
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quency 1 in DCM patients, appear together in the single
complete sequence from haplogroup R1 known to date
[11]. It is then conceivable that the mutation G5585T re-
corded in the table has actually been base-shifted and
would conform to C5586T, which is observed in the
R1 sequence, too.

Little is known about haplogroup R1, which is absent
or very rare in most parts of Europe. The ancestral
HVS-I motif seems to comprise only a single mutation,
T16311C, but a subhaplogroup, which we will name
R1a, has 16278 in addition. Unfortunately, both HVS-
I motifs occur in haplogroup H as well [12]. Further
unpublished data suggest that the restriction sites
+4914BfaI (caused by A4917G), �5584AluI/�5586DdeI
(= C5586T), �5823AluI (= A5823G), and
+16517HaeIII (= T16519C) are characteristic of haplo-
group R1 and that +15494DdeI (= G15497A) is diag-
nostic for the subhaplogroup R1a [30]. Since G15497A
is not a ‘‘novel’’ mutation, we cannot know whether
the specific mtDNA from [28] actually belongs to R1a
in particular. It thus seems that a chance has been
missed to supplement the meagre information for the
rather rare haplogroup R1.

The relatively large number of ‘‘novel’’ mutations
(not yet listed in Mitomap in protein coding genes) of
this rare mtDNA contributed to the seeming mutation
load of the DCM patients, which was deemed to be sta-
tistically increased [28]. Contrasting the mutational
counts in DCM patients and controls is misleading any-
way because the applied test statistic (v2) would stipulate
independence of single mutations. However, a consider-
able number even of the ‘‘novel’’ mutations detected in
any single mtDNA relative to the rCRS are not private
as they are in fact inherited en bloc, which is testified by
the corresponding pathway of the complete mtDNA tree
known to date. There is hence no justification for claim-
ing a significantly elevated number of mutations in
DCM patients.

The total number of detected sequence alterations in

the whole mtDNA of patients with DCM and controls

[28] was found to be 458. Then 137 of these fall into
the control region (16024–576) according to their Table
2. Thus, exactly three mutations per sample on average
were detected in the coding region. For this count, the
reference point is left open by the authors: it cannot be
the rCRS (in view of the mutation count at position
1438) but would rather constitute some consensus se-
quence, which is most likely identical to the root hap-
lotype of haplogroup R. However, the expected
number of coding-region mutations relative to the R
root is known to be about 12; cf. [11]. Therefore only
one out of four mutations on average was actually de-
tected in [28] with the method of dideoxy
fingerprinting.

Even, if in the case of a single position the polymor-
phism happened to be determined correctly, a compar-
ison between the small groups of DCM patients and
controls can be misleading. For instance, the
T16189C variant that may be associated with a suscep-

tibility to dilated cardiomyopathy could be detected in

seven patients with DCM (15.6%) as well as in six con-

trol persons (9.7%). However, the expected relative fre-
quency is about 15.5% in Germany, as is, for example,
attained by the southwest German data set (n = 200) of
[31].

A similar case could be made for the UK, where
the T16189C variant is found in approximately 12%
of the individuals [32,33]; e.g., 11% in the data set
(n = 100) of [34], a value which is intermediate be-
tween the corresponding percentages for DCM pa-
tients and controls from England in the study of
[35]. It has been claimed that founder effects could
be excluded to have influenced the 16189 polymor-
phism since the variant T16189C has arisen multiple
times on different haplogroup backgrounds [35,36].
However, this is not a valid argument because this
variant belongs to the inherited motif of some haplo-
groups, which may have quite varying frequencies due
to population structure. Such an effect can well be
seen in the populations from the Caucasus, for exam-
ple, where the frequencies T16189C are in general
twice as high compared to western Europe (with
24% on average, but within a wide range 3–70%, espe-
cially in Daghestan). Since the 16189 polymorphism is
virtually ubiquitous, it has often been regarded in
association with a number of diseases [36]. Closer
examination, however, using more extensive and bal-
anced sampling should reveal that such associations
are rather spurious [32,33].

Snapshot of Chinese mtDNA variation

Whereas the previous mtDNA sequences constitute a
snapshot of European mtDNA variation, the four com-
plete mtDNA sequences published by Young et al. [37]
allow us to take a glimpse at East Asian mtDNA varia-
tion. These authors analysed the complete mtDNA in
four Chinese pedigrees with aminoglycoside-induced
and non-syndromic hearing impairment. There are
problems with these data similar to the mitochondrial
encephaloneuromyopathies case, although these se-
quences were in fact roughly allocated to mtDNA
haplogroups according to the classification scheme of
[38]. We will compare the reported mtDNA variation,
mutation by mutation, to the East Asian mtDNA tree
shown in (Fig. 1 of [14]) and employ additional informa-
tion from [15]. Before discussing the cases in detail, one
needs to correct some typos in (Table 1 of [37]). Site
5885 should read 5585, and the nucleotides at 10640
and 12358 in the ‘‘CRS’’ column should be corrected
to T and A, respectively. The entry G in column
BJ101 likely is a typo and should be substituted by T.



Table 4
mtDNA sequences from haplogroup F3

Source Sample code Haplogroup Control region [alternatively 16,001–407] Coding region [alternatively 10,525–11,490]

[37] BJ101 F3b T152C C495T A16220C A16265G C5076T T5442C C8270G (8281–8289)del @8860
G9947A G10427A T10873C, C10980G A10988C
@11065 @14766 T15784C

This study QJ383 F3b C151T T152C 309.1+C A16220C A16227G T2392C T3535C T4802C (8281–8289)del G9947A

A10398G G11914A C13044T C15910T
This study Yi361 F3b [T152C A16220C A16227G] [—]
[14] XJ8451 F3a T195C T16209C T16311C C16355T A3390G T7094C C12621T

Mutations are listed with respect to the root of haplogroup F3, which is determined relative to rCRS by mutations A73G, 249del, A263G, 309+C
(309.1), 315+C, A750G, A1438G, A2706G, A3434G, C3970T, A4769G, G5585A, A5978G, G5913A, T6392C, C7028T, A8860G, G10310A,
G10320A, A11065G, G11719A, G13928C, C14766T, A15326G, T16298C, and T16362C. Mutations diagnostic for subhaplogroups (F3a and F3b,
respectively) are in bold; @ designates a back mutation.
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We assume that ‘‘316 Ins C’’ actually means the (nearly
omnipresent) mutation 315+C in the standard notation,
where an insertion is scored at the last possible position
in the rCRS after which the nucleotide can be inserted.
Similarly, we would score the 9-bp deletion at sites
8281–8289 rather than at 8271–8279.

Pedigree BJ101 (haplogroup F3b)

This mtDNA sequence clearly belongs to haplogroup
F3, although three (A11065G, C12621T, and C16355T)
of the eleven F3-specific mutations listed in [14] are ab-
sent in this pedigree. As explained in [39], the single rep-
resentative of haplogroup F3 in [14] actually belongs to
a specific subhaplogroup, now called F3a. The sister
subhaplogroup, referred to as F3b, is characterized by
the combined HVS-I and HVS-II motif A16220C,
T16298C, T16362C, A73G, 249del, A263G, 309+C,
and 315+C, but no coding-region information has been
available so far. With respect to HVS-I and HVS-II the
pedigree�s mtDNA nearly matches (except for T16311C)
the mtDNA F3b lineage USA.335.000127 from the
SWGDAM database. Therefore, A11065G, C12621T,
and C16355T are potentially the only diagnostic muta-
tions for haplogroup F3a, whereas the mutations char-
acteristic of haplogroup F3b are to be sought among
the private mutations of the pedigree�s mtDNA, namely,
C495T, C5076T, T5442C, C8270G, (8281–8289)del,
@8860, G9947A, G10427A, T10873C, C10980G,
A10988C, @14766, T15784C, and A16220C. Three
mutations are suspicious here: @8860 and @14766
may constitute an oversight of the mutations A8860G
and C14766T, which are generally shared by all se-
quences outside haplogroup HV, whereas T10873C is
extremely rare within superhaplogroup N [9].

In order to confirm the potential motif of haplogroup
F3 and identify the characteristic mutations of its subha-
plogroup F3b, we have completely sequenced a sample
from Qijiang (Chongqing, southwest China), harbour-
ing the 16227 transition. The comparison with the com-
plete F3a sequence from [14] and the somewhat
incomplete F3b sequence BJ101 then suggests that
A11065G was overlooked in the latter and would be a
characteristic mutation for the whole haplogroup F3
(Table 4). We conclude that subhaplogroup F3a has
only C12621T and C16355T as its diagnostic mutations,
whereas F3b has A16220C, the 9-bp deletion, and
G9947A (which, of course, hinges on the hypothesis that
no further mutations were overlooked in Pedigree
BJ101).

Pedigree BJ102 (haplogroup N9a1)
This mtDNA sequence belongs to haplogroup N9a

but misses the N9-diagnostic mutation G5417A and,
as in the preceding case, shows the back mutation
@14766 and the suspicious T10873C. It belongs to
a particular subhaplogroup, N9a1 [15], which may
have the four characteristic mutations, T4386C,
G12007A, C16111T, and G16129A, despite the fact
that the first one was not recorded in the pedigree�s
mtDNA.

Pedigree BJ103 (haplogroup D4a)

Although mutation G16129A is not present, we can
safely infer haplogroup status D4a in this case. Five cod-
ing-region mutations are missing: A2706G, C7028T,
C10400T, T10873C, and C14766T.

Pedigree BJ104 (haplogroup D4b2b)

This mtDNA sequence qualifies as a member of
haplogroup D4b2b [15], despite the lack of the expected
(522–523)del, since it bears the mutations A1382C,
G8020A, C8964T, C9296T, T9824A, and T16519C.
Three mutations were overlooked, namely, A4769G,
C14766T, and the D4-specific marker C8414T.

In summary, the data of [37] fit well into the East
Asian mtDNA phylogeny, despite an error load of �4
mutations per sequence. In particular, site 14766 was
probably read with the original CRS rather than the re-
vised CRS, and the variation at site 10873 was possibly
not recorded correctly. This notwithstanding, the nearly
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complete mtDNA sequence representing haplogroup
F3b filled a lacuna in the previously known mtDNA
phylogeny.
Conclusion

We have demonstrated that the sequencing efforts of
[22,37] were more or less incomplete based on the pres-
ent knowledge of the mtDNA phylogeny. The samples
stem from distant mtDNA pools (Italy and China), but
the artefacts bear a similar signature of documentation
errors and non-stringent use of rCRS as the proper ref-
erence sequence. An incomplete and flawed cumulative
mtDNA mutation list, which disentangles and distorts
the relevant haplotype information, as provided in
[28], is of little help for understanding the genetic basis
of a certain disease (in this case, dilated cardiomyopa-
thy). In particular, mtDNA screening by dideoxy fin-
gerprinting analysis seems to be a rather unreliable
method for pinpointing all mutations in the whole
mitochondrial genome. It would be most desirable to
see corrections of all these results, especially because
some of the (corrected) sequences would valuably sup-
plement our knowledge about the global mtDNA
phylogeny.

Although the main target of a disease study are
non-synonymous mutations, usually a complete record
of all mutations is needed in order to allocate the
mtDNA under examination to its place in the mtDNA
phylogeny. This also includes the variation in the con-
trol region, especially HVS-I, because the worldwide
HVS-I database is huge and can assist in focussing
the search for closely related mtDNAs from controls
to be compared to the patients� mtDNAs. In many
cases, samples are stored in deep freezers so that
DNA is still available for screening of specific sites
in the coding region. We have proven that the near-
matching strategy can readily sort out closely related
mtDNAs, which renders the search for potentially
pathogenic mutations much more effective than, say,
a Mitomap query.

It goes without saying that any discussion about
‘‘novel’’ or ‘‘pathogenic’’ mutations has to be based
on a complete knowledge of the worldwide mtDNA
phylogeny—and on reasonably correct mtDNA se-
quences from patients and controls (see, e.g. [40]). With
the emerging finer details of the continental mtDNA
phylogenies, every mutation, if not private, can be posi-
tioned in the current mtDNA tree. This helps to pre-
vent premature claims about the pathogenicity of a
certain mutation. Namely, if a mutation defines a whole
major or minor subhaplogroup, then it would be very
unlikely that such a mutation may be a primary disease
mutation. But for establishing the status of secondary
disease mutation one would need a well-designed study
with a phylogenetic focus that evaluates mtDNA lin-
eages from patients and controls in different popula-
tions [41].
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