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Abstract We have compiled a database of mitochondrial
DNA (mtDNA) control region, hypervariable regions 1
(HVRY) and 2 (HVR2) sequences of atotal of 14,138 in-
dividuals compiled from 103 mtDNA publications before
1 January 2000, 13 data sets published in 2000 and 2001
and 2 unpublished data sets of Iragi Kurds and Indians from
Kerala. By contacting the authors and by other means, we
have confirmed and corrected sequence errors, eliminated
duplications and harmonised the sequence format. These
changes affected all but 26 of the 116 publications. Fur-
thermore, we have implemented a geographic information
system (“mtradius’) which searches for closest matchesto
agiven mtDNA control region sequence and displays them
on a geographic map. A potential application isto estimate
a chance matching probability when aforensic stain and a
suspect have an identical mtDNA sequence: we suggest that
the geographic area with the highest frequency of closely
related mtDNA sequence types may be used to define a ref-
erence population to give the suspect the maximum bene-
fit of doubt in accordance with the ceiling principle.

Keywords ldentification - DNA fingerprint - Ethnic -
Population

Introduction

Mitochondrial DNA (mtDNA) typing is not the method of
choice for DNA fingerprinting of individuals, as mtDNA
represents a non-recombining genetic locus with alleles
which are usually shared by many individuals with the
same maternal ancestor, unless mutations have occurred.
However, when a forensic or anthropological sample is
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highly degraded, mtDNA is often the only option due
to its abundant copy number compared to nuclear DNA.
Given an exact mtDNA sequence match between a (crime)
stain and a suspect, it is then of interest to determine the
frequency of the sequence in the population in order to cal-
culate the probability of a chance match. The question we
wish to address is, which population is the relevant one
for determining the frequency? It is desirable to err on the
safe side, i.e. in favour of the suspect, and choose that re-
gion of the world where the mtDNA type is likely to be
found at the highest frequency [“ceiling principle” (Na-
tional Research Council Committee 1992)].

A simple database search to identify geographic regions
with high matching frequencies is not reliable, given that
only a few thousand mtDNA sequences worldwide are
available and thus many mtDNA types will be unique
in the database although a very large number of non-se-
quenced humans may have precise matches in particular
regions of the world. (See for example Pfeiffer et a. 2001
where a sample of 1200 German villagers yielded many
unique mtDNA types even though the sequence was short
and maternal relatives were included.). Instead, we advo-
cate searching for the geographic region with the highest
frequency of the most similar mtDNA sequencesto agiven
sequence, regardless of whether the resulting best matches
are exact matches or only close matches. The rationae is
that the only geographic sorting mechanisms known for
mtDNA types are mutation, migration and founding events
during human history and prehistory [for example, geo-
graphical sorting of mtDNA types by selection has been
rejected in the case of selection pressure at high altitude
(see Torroni et a. 1994 and Comas et a. 1998), and pref-
erential survival of centenarians with certain mtDNA types,
claimed by De Benedictis et al. (1999), is unlikely to cre-
ate a suspect pool of forensic relevance]. If, then, a new
MtDNA type has evolved localy by mutation at some
timein the past, we may not observe that particular typein
alimited sample of say, 10,000 sequences, but a search of
closest matches will always yield related mtDNA types,
whose geographic location may approximate the location
of the queried sequence (P. Forster et a. in preparation). We
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have therefore established an mtDNA database with a geo-
graphic information system (“mtradius’) which searches
the database with progressively increasing mutational dis-
tance until close matches are identified. The best matches
(aswell as second- and third-best matches) are displayed on
aworld map, which yields frequency values for every de-
sired grid square or rectangle. An appropriate grid rectan-
gle or rectangles can then be chosen as the reference pop-
ulation for maximal frequency estimates in court cases.

Methods
Database

We have compiled from the literature a database of al mtDNA
control region sequences in the range np 15996-16569 and np
1-576, published until 1 January 2000, as well as a few published
in 2000. There are three main reasons why raw published data can-
not be used for frequency calculations: (1) sequence errors and du-
plicate publication of sequences from identical samples, (2) vary-
ing notation of length polymorphism around, e.g. np 16189, 310,
and 249 and (3) intentional preselection of sequences according to
RFLP typing or 9 bp-deletion typing at np 8272-8289.

1. We have tried to identify and eliminate as many errors and du-
plications as possible, as detailed below. In the case of ancient DNA,
only ancient DNA sequences which were reproduced by indepen-
dent laboratories were included. Nevertheless, we classified even
independently confirmed ancient DNA sequences as hon-represen-
tative, regardless of the quality of the particular ancient DNA study.

2. We have harmonised the database for length polymorphism no-
tation according to forensic practice, namely notation of A to C
transversions at np 16182/16183 rather than deletions; assignment
of insertions in homopolymeric stretches at the highest possible
nucleotide number (e.g. 309.1C instead of 303.1C) and rejection of
Cto T transversions at np 311, which are generally areading arte-
fact due to length heteroplasmy in the preceding C-tract. In spite of
these corrections, we suspect that many authors have disregarded
variation completely at these two C-stretches. We have therefore
implemented aweighting option for each nucleotide position, which
is set to zero by default for the np 16182, 16183, 309 and 315. This
weighting option can incidentally also be used for enhancing the
search for phylogenetically related sequences by weighting ances-
tral nucleotide states.

3. With respect to the intentional preselection of sequences, we have
classified such sequences as non-representative. Since we distin-
guish between representative and dubious/non-representative se-
quences in the database, rather than simply omitting the latter, the
user can decide whether to launch a qualitative search using all
available sequences, or whether to obtain quantitative localisation
of sequences using representative data. Geographical (maternal) ori-
gins of the samples were entered as precisely as possible, usually
down to one arcminute. If the sample origin only specified a coun-
try/state rather than a location, then we assigned the sample to the
capital of that country/state (e.g. French Canadians were assigned
to Paris). Thus, the user of the geographical map display iswarned
to ascribe lesser weight to samples located on capitals. If the sam-
ple origin in a publication only specifies continent or (phenotypic)
race, we assigned the sample to a standard location in the sea close
to the continent to indicate the uncertainty for map users. The stan-
dard locations are 65°N 0°E (if the paper specifies “Europeans’,
“white Caucasians’ etc.), 30°S 40°E (“Africans’, “Black Ameri-
cans’, “Negroids’ etc.), 20°N 130°E (“Asians’, “Mongoloids’ etc.),
and 10°N 100°W (“Hispanics’ etc.). In papers describing mixed
samples which contain both indigenous and non-indigenous mtDNA
(e.g. the Brazilians of Bortolini et al. 1997), we assigned the in-
digenous mtDNA types to the sample location, and placed the non-
indigenous types at the standard continent locations. All samples
placed at standard continent locations can be deactivated in mtra-
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dius to avoid lowering the precision of geographic assignment if
required. It has been observed that inconsistencies exist between
the number of sequences that have been submitted to GenBank and
the number of sequences that appear in the corresponding publica-
tion, presumably because mtDNA types rather than individuals
were submitted (Miller et al. 1996). For this reason we have usu-
ally based our entries on the literature or from files obtained from
the authors rather than on databases. We made a few exceptions
(detailed below) when the publication contained obvious errors.

The sequences are taken from the following publications and
modified as annotated:

ALV (Alves-Silva et al. 1999) We classified these sequences as
non-representative as they were presel ected for the presence of the
9 bp deletion at np 8272—np 8289. The few European and African
mMtDNA types were assigned to the European and African standard
locations, respectively. RFLP information is available.

ALV1 (Alves-Silvaet al. 2000) We renamed deleted nucleotide po-
sitions as 249, 290 and 291. We corrected the systematic shift in
sample names in the final 11 entries of HV2 sequences in their
Table 6. Their text (p.453) states that only one southeast Brazilian
lineage was omitted for HVR2 sequencing, while their Table 6
omits two individuals, we therefore interpreted “lineage” as
“mtDNA HVRI1-type’. The European and African mtDNA types
were assigned to the European and African standard locations, re-
spectively. RFLP and 9 bp information is available.

AND (Anderson et al. 1981) The placenta sample providing the first
complete mtDNA sequence (Cambridge reference sequence CRS)
was resequenced, identifying 11 errors, all of which were outside
the control region (Andrews et al. 1999). The placenta was ob-
tained from the Cambridge maternity hospital and is presumably of
local origin (F. Sanger, pers. comm.).

ARN (Arnason et a. 1996) The full mtDNA sequence for the
Swedish individual is available.

BAA (Baasner et a. 1998) We entered the data as published.

BAM (Bamshad et al. 1996) We entered only the Indians, because
evidently the Asian, African and European sequences had been
previously published in Jorde et al. (1995). The frequencies of the
mtDNA types are not given and we could deduce only some fre-
quencies by comparing their Fig.8 and Tables 1 and 3. Accord-
ingly, we classed the sequences as non-representative pending in-
formation from the authors.

BAR (Barbujani et al. 1996) The origina data file, which differs
from the published table, was kindly provided by the authors. We
harmonised their scoring with ours by deleting postulated transi-
tions at np 311, and by reassigning insertions to np 309 and np 315.

BAT (Batista et al. 1995) We reassigned insertions to np 191, 309
and 315. RFLP and 9 bp information is available.

BEL (Belledi et a. 2000) We formatted the data from an electronic
table with detailed geographic information kindly provided by the
late Michele Belledi. The sequenced range is np 16024-16323
(M. Belledi and R. Casalotti, pers. comm.).

BER (Bertranpetit et al. 1995) We entered the data as published.

BET (Betty et al. 1996) We classified these sequences as non-repre-
sentative asthey were preselected for the presence of the 9 bp dele-
tion at np 8272—np 8289.

BOR (Bortolini et a. 1997) We redefined single and double inser-
tions in their published duplicate column np 16184 as transver-
sions at np 16182 and 16183. Information for 9 bp is available.

BRI (C. Brinkmann et a., unpublished) unpublished Kurdish se-
guences.

BRO (Brown et al. 1998) We defined this dataset as non-represen-
tative as the samples had been preselected by RFLP analysis. We
reassigned the deletion to np 16166.

CAL (Cdli et a. 2001) RFLP information for the Sicilian se-
quences is available.
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CHE (Chen et al. 2000) We corrected nucleotide variants acciden-
tally scored by the authors as identical to CRS as transitions rela-
tiveto CRS. We renamed 309C+ and 315C+ as 309.1C and 315.1C.
It should be noted that the phylogenetic nomenclature used by the
authors conflicts with the similar nomenclature by Watson et al.
(1997). We relocated the geographic origin of the Kung and Khwe
from Schmidtsdrift (South Africa) to Omega base camp (Caprivi at
the Angolan-Namibian border) where they had been recruited as
trackers. RFLP information is available.

CLF (Caéafell et al. 1996) Bulgarians 30 and 31 appear to have ex-
changed their HVR2 sequencesin the published table (Bandelt et a.
2000); we have accordingly classified these two HVR2 sequences
as dubious.

COM (Comas et al. 1996) We entered the data as published.

COM1 (Comas et a. 1998) The sequence table contains one less
Kirghiz (Sary-Tash) sequence than stated in the text.

COM2 (Comas et al. 2000) We placed the Georgians and Kurds,
both sampled around Thilisi, 1° apart to distinguish them in the
map functions.

COR (Corte-Real et al. 1996) Some of the Spanish, Portuguese and
Basgue sequences had been taken from Richards et al. (1996). We
therefore omitted these when entering the sequences of Richards et
al. (see below).

DEL (Delghandi et a. 1998) The sequence table contains one Saami
sequence less than stated in the text.

DIM (Dimo-Simenon et al. 2000) We formatted the sequences from
an electronic file kindly provided by the authors. We reassigned
T insertions to np 310.

DUP (Dupuy and Olaison 1996) Their Tables 1 (Norwegians) and
2 (Saami) contain several inconsistencies. The first column in
Table 1 (np 16113) contradicts Table 2 (np 16013). The Anderson
sequence is given with six errors, three columns are empty and thus
at first glance redundant. In thefirst table, the column for np 16390
is empty — we reassigned the A in the neighbouring np 16362
column to np 16390, assuming the affected sequence belongs to
mtDNA group | (cf. Torroni et al. 1996). One Norwegian-Saami
sequence match was overlooked, as were two Norwegian-Norwe-
gian matches. The 30 Norwegian samples are a superset of the
28 Norwegians sequenced by Miller (1996), hence we were able to
identify most sample locations within Norway using the information
in Miller (1996). The comparison of Miller’s Norwegian sequences
with Dupuy’s sequences reveals that Miller committed 9 sequence
errors affecting 5 out of 28 sequences, while Dupuy and Olaison
committed only 3 errors in 30 sequences. We therefore classified
the corrected Norwegians of Dupuy and Olaison as reliable and rep-
resentative, and the duplicate Norwegian sequences of Miller as non-
representative. See also our comment on Opdal et al. (1998). We
classified the Saami sequences, for which similar cross-checking
was not available, as dubious pending information from the authors.

EAS (Easton et al. 1996) The published table is flawed, containing
a high proportion of transversions (Merriwether et al. 2000). We
have classified the sequences as dubious, pending publication of
the erratum (A. Merriwether, pers. comm.). We reassigned adeletion
to np 16007 and an insertion to np 16367. RFLP and 9 bp infor-
mation is available.

FIN (Finnila et al. 2000) We classified these sequences as non-rep-
resentative due to preselection for mtDNA group status. We re-
coded positions with length polymorphism (np 248, 303, 311, 514,
and 568) in their Table 2 using our nomenclature (np 249, 309,
315, 522 and 523, and 573). We defined the sequence end at np 576
as stated on their page 1019 (but cf. their Table 2). We corrected
np 16115.C as np 16115.A in their Fig. 2b. Full mtDNA sequence
information is available.

FOR (Forster 1996) Detailed geographical and genealogical infor-
mation for the German and Danish sequences published in Richards
et a. (1996) are given in Forster (1996). We a so added unpublished
partial sequences to the database.
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FOR2 (L. Forster et a. unpublished) unpublished sequences from
Keraa

FRA (Francalacci et al. 1996) We omitted the 3 maternally related
sequences, leaving a total of 49 individuals. Only 48 were dis-
played by Torroni et al. (1996), where RFLP information is avail-
able.

GIL (Gill et al. 1994) We entered maternal relatives into the data-
base, but marked them as non-representative. We traced the mater-
nal genealogies of the royal subjects to their thirteenth century ge-
ographical origins.

GIN (Ginther et al. 1993) Their Table 1 contains no entriesin the
column for np 195. We reassigned insertions at np 316 to np 315
and 9 bp information is available.

GRA (Graven et a. 1995) RFLP information is available.

GRE (Green et al. 2000) Assignments of sequences to the two
Mexican cities was kindly provided by the authors. RFLP and 9 bp
information is available, whereas the np 16390 information is un-
published (pers. comm.). The European/unknown sequences and the
African sequences were assigned to the standard continent loca-
tions. An excess of B types was sequenced, part of which we there-
fore labelled as non-representative.

HAN (Handt et al. 1994) We classified the sequence of the Oetztal
Ice Man as non-representative. We took the 16 Austrians from
HvrBASE (Burckhardt et al. 1999).

HEL (Helgason et al. 2000) The published GenBank accession
numbers are not current and should read AF236888-AF237281 for
HVR1 and AF305969-AF306314 for HVR2. The submitted se-
quence lengths are generally shorter than published, and there are
402 not 401 individualsin total (A. Helgason, pers. comm.).

HOF (Hofmann et al. 1997) We reassigned insertions to np 309
and np 315. We corrected np 16290 relative to the CRS. We cor-
rected individual 700 and annotated 722 as dubious following Fig. 2
of Macaulay et a. (1999). The author kindly confirmed that the
subjects were native Germans drawn from the area around Munich
(K.-D. Gerbitz, pers. comm.). Further mtDNA sequence informa-
tion is available.

HOL (van Holst Pellekan et al. 1998) Australian aboriginal T27 is
of European descent (S. van Holst Pellekan, pers. comm.). A cor-
rigendum for the published analysisis available from the authors.

HOR (Horai and Hayasaka 1990) The published table contains
severa errors around np 16325, while the sequences submitted to
DDBJ are correct. Note furthermore that the uncorrected sequence
CJK5 was taken (see comment below on Greenberg et al. 1983).
The full mtDNA sequence for Ugandan SB17 was published by
Horai et al. (1995). We reassigned insertions to np 16188.1C and
16262.1C.

HORL1 (Horai et a. 1993) We reconstructed the provenance of the
samples using their Figs. 2 and 3.

HOR2 (Horai et al. 1996) The sequences deposited in DDBJ are
longer than stated on page 581, 9 bp information is available.

IVA (Ilvanova 1993) The sequence table can be reconstructed us-
ing the accompanying graphs.

JOR (Jorde et a. 1995) The San and Chinese samples each contain
one sequence less than stated in the text.

JUN (Jun et al. 1994) The full mtDNA sequence is available.

KIT (Kittleset al. 1999) The Swedish sequences contain numerous
Saami sequences; Saami ancestry cannot be excluded (R. Kittles,
pers. comm.). We therefore assigned the Swedes to the European
standard location. The haplotype frequencies per population are
misplaced in the published table, we therefore entered the correct
values kindly provided by the author.

KIV (Kivisild et al. 1999) We amended Lamb 37 as having the
transversion np 16240.C (T. Kivisild, pers. comm.). We entered
RFLP information for np 73 as sequence information. Further
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RFLP information is available. The publication supplement in-
cludes the data analysed but not published by Bamshad et al.
(1998) (T. Kivisild, pers. comm.).

KOB (Kobayashi et al. 1991) According to the sequencing proto-
col, the sequence results were intentionally biased towards the
CRS, potentially yielding a hybrid sequence. We classified this se-
quence as dubious. The full mtDNA sequence is available.

KOL (Kolman et a. 1995) We renamed np 16182.X and np 16183.X
as np 16182.C and np 16183.C. We renamed np 106-111.X as a
6 bp deletion. RFLP and 9 bp information are available.

KOL1 (Kolman et al. 1996) Length polymorphisms at np 16180—
np 16188 (scored by us as transversions at np 16182 and np 16183)
were not recorded by the authors; we have therefore scored np
16182.N and np 16183.N in each sequence harbouring a np 16189
C-stretch. We reassigned insertions to np 16193 and 16227. RFLP
and 9 bp information is available.

KRI (Krings et al. 1999) RFLP information is available.

LAH (Lahermo et al. 1996) Some corrections of the sequences
generated in Turku were kindly provided by the authors via H.-
J. Bandelt.

LAH1 (Lahermo et al. 2000) An electronic file of the data was
kindly provided by the authors, from which we deduced the Csango
and Budapest samples using the published mtDNA group frequen-
cies. In the published table 77 individuals are given but 78 are men-
tioned in the text and given in the file. We scored np 309.1T as np
310.1T.

LEE (Leeet al. 1997) We recoded the insertions around np 191 for
consistency; np 203 and np 16173 are incorrectly scored relative to
CRS, we entered affected sequences as having N at these positions.
We reassigned deletions to np 16193 and 16262.

LEV (Levin et a. 1999) We classified these sequences as non-rep-
resentative, as they were derived from cell lines. The full mtDNA
sequence is available.

LOR (Lorenz and Smith 1997) Several previously published mtDNA
sequences were incorrectly reproduced by these authors (insertion
of an artefactual np 16224 column). We therefore also classified
the new sequencesin their table as potentially dubious, pending in-
formation from the authors; np 16256 is incorrectly scored relative
to CRS, so we entered type 85 as having 16256.N. Furthermore, the
sequences are non-representative as mtDNA group D was omitted.

LUM (Lum et al. 1994) 9 bp information is available.

LUM1 (Lum et al. 1998) We shortened sequence KSR24 to elimi-
nate a dubious flanking triple deletion. We realigned KIR13 by
four nucleotides.

LUM2 (Lum and Cann 2000) We formatted the sequences from
GenBank, with the accession numbers starting at AF285638 rather
than AF85638.

LUT (Lutz et al. 1998) The published table and the two subsequent
errata are flawed; we entered the data from an electronic table kindly
provided by the author. The samples are specified as German Cau-
casians. We reassigned an insertion to np 16538.

MAC (Macaulay et al. 1999) RFLP information is available.
MAL (Malyarchuk et al. 1995) We entered the data as published.
MAT (Mateu et al. 1997) We entered the data as published.

MEL (Melton et al. 1998) 9 bp information is available. We recoded
248 as 249.

MIL (Miller 1996; Miller et a. 1996) The sequences were kindly
provided in electronic format by J. Dawson, and compared with
the printed thesis of Miller (1996), and with the Norwegian se-
quences of Dupuy and Olaison (1996), who used identical Norwe-
gian samples. The discrepancies with the Dupuy sequences are
listed above. See also our comment on Opdal et al. (1998). Fur-
thermore, NIR0292 differed between the file and the thesis. We ac-
cordingly classified all sequences as dubious. We interpreted the
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electronic table notation via the thesis, because the file does not
distinguish between HVR1 Anderson sequences and missing
HVR1 sequences, and because the extent of N-stretchesis not self-
explanatory. We redefined C insertions at np 16184 as transver-
sions at np 16182 and 16183.

MON (Monsalve and Hagelberg 1997). We omitted sequence infor-
mation at np 16126, as this was found to be ambiguous (V. Mon-
salve, pers. comm.). Only one Black Carib has an Amerind type;
the others were assigned to the African standard location. Nine bp
information is available.

MOU (Mountain et al. 1995) The identity of the European and In-
dian control samples was kindly provided by the authors.

MUR (Murray-Macintosh et al. 1998) The published sequence table
has suffered distortion (16365T instead of 16362T). Explanations
were kindly provided by the authors. The new data comprise se-
quences for 31 Maori individuals (rather than 31 haplotypes as stated
in the Materials and M ethods section); 9 bp information is available.

NAT (Nata et al. 1999) 102 Chinese are given in the published
table as opposed to 101 Chinese in the text.

NIS (Nishimaki et al. 1999) We reassigned insertions to np
16188.1C and 16188.2C, and deletions to np 16370. Furthermore,
np 16095, 16298 and 16352 are incorrectly scored relative to CRS;
we scored these positions in the affected sequences as N.

NSN (Nishino et a. 1996) The full mtDNA sequence is available.
We classified the sequence as non-representative as the individual
was preselected for a potentially mitochondrially transmitted dis-
ease.

OHL (Ohlenbusch et a. 1998) We interpreted np 310.1C as 309.1C
and reassigned the CA insertion to np 523. The full mtDNA se-
quences are available.

OQOT (Oota et a. 1995) We reassigned insertions and deletions to
np 16262 and 249, respectively.

OPD (Opdal et al. 1998) Only 215 individuals are mentioned in the
text, whereas 216 are presented in their Table 1. The sequence
range in the abstract contradicts the sequence range in the results;
we entered the shorter range, thus omitting a variant nucleotide in
S56. We corrected C78 as a J sequence and classified C32, C52,
C59, C62 and C78 as dubious after scoring erroneous nucleotides
as “N”. Opdal et a. evidently included the previously published
Norwegians (Miller 1996; Dupuy and Olaison 1996) in their Table 1
(control samples); we omitted these duplicates here.

ORE (Orekhov et al. 1999) The assignment of each individual to
one of the three Russian cities was kindly provided by the authors
in electronic format. Their electronic file omits the published
insertions np 16183.1C and 16189.1C (which we recoded as
np 16188.1C and 16193.1C) inindividua 76 (number 7 in the pub-
lication) for formatting reasons (pers. comm.).

OZA (Ozawa et al. 1991a) We reassigned insertions to np 16188,
16193, 309, 315, and 573. The sequence MELAS P-1 was cor-
rected in the following paper as noted by the authors, but the sam-
ple name was inadvertently confused with MELAS P-2. The full
mtDNA sequences are available. We classified the sequences as
non-representative as the individuals were preselected for a poten-
tially mitochondrially-transmitted disease.

OZA1 (Ozawaet a. 1991b) We reassigned insertionsto np 311 and
315, and the CA deletion to np 522/523. We omitted four sequences
(PD P-2, Melas P-1, FICM, Melas P-2) which had been previously
published. The full mtDNA sequences are available. We classified
the sequences as non-representative as the individuals were prese-
lected for a potentially mitochondrially-transmitted disease.

PAR (Parson et al. 1998) We recoded the “T insertions” at np 309
as C insertions.

PFE (Pfeiffer et al. 1998) We entered the data as published.

PFEL (Pfeiffer et al. 1999) This publication contains 109 sequences
from around MUnster, and reports on 700 other sequences. As the
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700 sequences are a subset of those published subsequently Pfeif-
fer et al. (2001), we assigned the 700 sequences to the latter publi-
cation. We formatted the 109 sequences from the pre-publication
file which differs in its numbering from the published table. The
following errors were detected post-publication (V. Macaulay) and
corrected in our database: published sample numbers 7 (295.T),
28 (16296.T instead of 16295.T), and 36 (16356.N).

PFE2 (Pfeiffer et al. 2001) These 1,200 sequences were sampled
from a north German village near Braunschweig and include 10%
or more non-Germans (e.g. Poles and Turks) as ascertained by sur-
name or birthplace. We assigned the foreign-born individuals to
their country of origin and classified them as representative, while
we assigned the German names to Braunschweig but classified
them as potentially non-representative (surname analysis not being
diagnostic for second-generation maternal descent). We assigned
foreign-sounding but non-localisable surnames to the European
standard location.

PIE (Piercy et a. 1993) The samples are from Caucasoid persons
arrested in England but potentially originating from any part of the
United Kingdom (Miller 1996). We reassigned insertions to np 309
and np 315.

PIN (Pinto et al. 1996) The text contains atyping error on page 325
concerning the sequenced range. We reassigned the Tenerife sam-
ples to Rando et al. (1998) and the 18 Berber sequences to Rando
et al. (1998), where they were accurately reread.

POL (Polyak et al. 1998) An electronic file of the sequences was
kindly provided via T. Kivisild and A. Eyre-Walker. The om-
nipresent transversion at np 16220 was confirmed as a typograph-
ical error (K. Polyak, pers. comm.). The full mtDNA sequences are
available.

PUL (Pult et al. 1994) A table with detailed geographic or linguis-
tic assignment of each sequence was kindly provided by the au-
thor. Of the 77 sequences, 4 were determined from known brothers
or sisters of other samples (I. Pult, pers. comm.), hence we classed
these 4 as non-representative.

QUI (Quintana-Murci et al. 1999) We scored these data as non-
representative as they were preselected for RFLP status.

RAN (Rando et a. 1998) See comment on Pinto et al. (1996). We
corrected five errors discovered post-publication (H.-J. Bandelt,
pers. comm.) and reassigned a deletion to np 16325. RFLP infor-
mation is available.

RAN1 (Rando et al. 1998) See our comment on Pinto et al. (1996).
We reassigned a deletion to np 16185.

RED (Redd et al. 1995) These samples were preselected for 9 bp
deletion status at np 8272—8289, while the subsequent publication
(Redd and Stoneking1999, see our comments below) preselected
their sequences for the absence of the deletion. We classified afew
“excess’ 9bp-deletion sequences as non-representative according
to the true proportions of 9 bp deletions measured in these popula-
tion samples. We omitted sequences culled from Vigilant (1990),
but included those stated to be from Stoneking et al. (1992), as the
latter publication does not display sequence data. Redd et a. are
co-authors of the earlier Vigilant publications and resequenced and
rescored the frequent N-stretches of Vigilant et a. (1991) as C-
stretches around np 16189C; we follow this interpretation when
entering the Vigilant et al. sequences. However, comparison with
the original Vigilant sequences revealsthat Redd et al. furthermore
omit the informative insertions at np 309 and np 315. We have
therefore added N at these positions when entering the new data of
Redd et al. We obtained an electronic file of the sequences pub-
lished in 1995 and 1999 (see below) from M. Stoneking and used
thisto correct five sequences (FO4, CP10, TInew, F1new, 1803), to
obtain extended sequence ranges, and to obtain detailed geographic
information.

RED1 (Redd and Stoneking 1999) This publication is complemen-
tary to the Redd et al. (1995) study in preselecting sequences not
having the 9 bp deletion at np 8272-8289 (see above). We omitted

33

the single aboriginal Australian and the Papuan sequences previ-
ously published by Vigilant (1990). We did not omit the Papuan
and Indonesian sequences stated to have been taken from Stonek-
ing et al. (1992), asthe latter publication does not display sequence
data. The entire published table is erroneously shifted by one nu-
cleotide backwards at np 16290, 16291, 16292, 16293, 16294 and
16295. The published table furthermore omits deletions at np 249
and misscores np 16224 and 16335. We obtained geographical in-
formation and extended sequences from the electronic file men-
tioned in our comments on Redd et al. (1995) (see above), which
contains most of the published sequences.

REI (Reid et al. 1994) Full sequence information is available. We
classified this sequence as non-representative due to preselection
for a potentially mitochondrially transmitted disease.

RIC (Richards et al. 1996) The Portuguese, Basgue and Spanish
samples are a subset of those published in Corte-Real et a. (1996),
which is why we omitted them when entering the Richards data.
Most of the sequences were determined between np 16090 and
16365, and some sequences suspected to be mtDNA group J were
additionally sequenced around np 16069; to avoid a bias, we en-
tered the sequenced region as starting at np 16090 throughout.

RIE (Di Rienzo and Wilson 1991) Thefirst author kindly provided
information on the geographic origin of those sequences described
as Mediterranean in the publication (one of them is in fact Per-
sian). We reassigned the deletion to np 16183.

ROU (Rousselet and Mangin 1998) We reassigned insertions to np
309 and np 315. We corrected the typographical error in sequence
10 by moving the T at np 16380.1 to np 16380.

SAl (Saillard et al. 2000) RFLP information is available.

SAJ (Sgjantilaet al. 1995) The high frequency (11/34) of different
deletions found in the VVolga sample is unprecedented in humans.
We therefore shortened sequences to eliminate flanking deletions,
and classified sequences with internal deletions as dubious.

SAL (Salaset al. 1998) np 16195 is misprinted as np 16295 in their
table. We interpreted Galician 51 as having a variant at np 16261.
We reassigned a deletion to np 16351.

SAN (Santos M. et a. 1994) We reassigned insertions to np 309.
RFLP and 9 bp information is available.

SAS (Santos S. et a. 1996) RFLP and 9 bp information is available.
SCH (Schurr et a. 1999) RFLP and 9 bp information is available.

SEO (Seo et a. 1998) We interpreted Japanese 92 as having a
transition at np 312 and insertions at np 315.1C and np 315.2C:
np 16221 and np 260 are incorrectly scored relative to CRS, so we
entered types 80 and 94 as having N at these positions pending
feedback from the authors.

SHI (Shields et al. 1993) We classed the sequences as dubious due
to irreproducibility of hypervariability at np 16362 in Eskimos
(Forster et al. 1996; Saillard et al. 2000). The nucleotide number-
ing is erroneous in the legend to their Fig. 1 and population assign-
ment ambiguous (Miller et al. 1996).

SMI (Smith et al. 1999) These sequences were preselected by
RFLP analysis, we thus classified them as non-representative.

SOOL1 (Soodyall et al. 1996) We classified these sequences as non-
representative because they were preselected for the 9 bp deletion
at np 8272—np 8289. The Pygmy sequences were evidently taken
from Vigilant (1990) so we omitted them. Comparison with the orig-
ina Vigilant data shows that insertions around np 309 were omit-
ted (compare also Redd et a. above). The final three nucleotide
positions in the table heading are frameshifted in their Table 2, but
this only affects the sequences we omitted.

SOO02 (Soodyall et al. 1997) Although the Tristan da Cunha mtDNA
types are traceable to five historical colonists, we entered Tristan
da Cunha as the geographical location, as no native population ex-
isted on the island.
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STA (Starikovskayaet a. 1998) In Table 5, CR sequence 13 should
be listed under SIB40, and CR sequence 16 should be listed under
SIB48. RFLP and 9 bp information is available.

STE (Stenico et a. 1996) We entered the data as published.

STK (Stoneking et a. 1995) We took Pommern (Germany) as the
geographic origin of Schanzkowska.

STO (Stone and Stoneking 1998) We classified these ancient DNA
sequences as non-representative. We omitted two sequences, in ac-
cordance with the authors' statement that they are likely cases of
contamination. RFLP and 9 bp information is available.

SYK (Sykeset a. 1995) Haplotypes 49, 104, and 125 are corrected
as noted in the GenBank records. We classified all sequences as
non-representative since they were preselected on the basis of 9 bp
deletion status or np 16265 transversion status. This classification
also solves the problem of potential sample overlap with Lum et al.
(1998), who obtained some of their samples from the IMM in Ox-
ford (K. Lum and J. Martinson pers. comm.), and sample overlap
with the Taiwanese of Melton et al. (1998) (V. Macaulay, pers.
comm.). Comparison of the duplicate Taiwanese sequencing ef-
forts reveals four discrepancies in Sykes et al. (1995), which we
corrected; 9 bp information is available.

TOR and TORL1 (Torroni et al. 1993a, 1993b). We classified these
sequences as non-representative since they were preselected for
RFLP status. One sequence contradicts the RFLP cleavage pattern
at np 16051 and since original documentation is unavailable (A.
Torroni, pers. comm.), we have adhered to the sequencing results
in this case.

VIG (Vigilant 1990; Vigilant et al. 1991) Chinese UC37 has a
West African L1b sequence; thisindividual is from San Francisco
and African admixture cannot be excluded (Penny et al. 1995). An-
other African mtDNA, HRO 3, appearsto be arecombination of an
African L3b sequence preceding np 16189 and a Polynesian se-
quence after np 16189; omission of this sequence is recommended
by M. Stoneking (pers. comm.). We have classified both these se-
quences as dubious. We have interpreted the sequences of N's
from np 16184—np 16192 as np 16189.C, in accordance with later
publications by the same co-authors (Redd et al. 1995). We cor-
rected the baseshift error np 16107/np 16111 asin Stoneking et al.
(1991). We corrected np 196 as np 195. We corrected AA5 asAAL
on page 26. We entered np 198 as N for individual ZH4. We reas-
signed insertions to np 44.

WAR (Ward et a. 1991) RFLP and 9 bp information are available.
WAR1 (Ward et al. 1993) We entered the data as published.
WAR2 (Ward et al. 1996) 9 bp information is available.

WAT (Watson et al. 1997) The sequences described in the publi-
cation differ from those deposited earlier in GenBank in that some
duplicates were omitted (Watson et al. 1997). RFLP and 9 bp in-
formation is available.

WEI (Weichhold et a. 1998) We classified the sequences of Hauser
and one of Stephani€’s descendants as non-representative and en-
tered their locations as Nuremberg and Paris, respectively.

WTK (Watkins et al. 1999) We interpreted sample xh21 as a Xhosa
rather than as a Sotho-Tswana, according to Soodyall (1993) and
we assumed the Pedi samples to correspond to the Sotho-Tswana
samples described previously by Jorde et a. (1995). The samples
were preselected for the 9 bp deletion and we thus classified them
as non-representative.

YON (Yonedaet al. 1990) The full mtDNA sequence is available.
We classified the sequence as non-representative as the individual
was preselected for a potential mitochondrial disease.

We did not enter data from the following publications:

Bamshad et al. (1998). The analysed sequences were not presented
but published subsequently in Kivisild et a. (1999) (T. Kivisild,
pers. comm.).
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Greenberg et al. (1983). The sequence for individual pCJK5 under-
went two cloning errors as shown by later resequencing (Vigilant
1990; Kocher and Wilson 1991), we have therefore entered the
corrected sequence as one of Vigilant's (NC3). Another sample,
PCDK1 was evidently resequenced and listed by Vigilant (NC2).
The remaining five sequences are either from cell lines or from
samples with uncertain origins (e.g. the “ Caucasoid” sample pBHK2
has an Asian F sequence), so we omitted entering the Greenberg
sequences altogether.

Soodyall (1993) and Sherry et al. (1994). The nucleotide numbering
is partially frameshifted by one nucleotide in both HVR1 (Bandelt
and Forster 1997) and HVR2. We have reverted both frameshifts,
and have omitted the sequences at the request of the author pend-
ing arevised table (H. Soodyall, pers. comm.). We recoded Dama
14 as having a deletion at np 309 and a C insertion at np 315.

Stoneking et al. (1991). These data are a subset of Vigilant (1990)
and Vigilant et al. (1991).

Stoneking et al. (1992). New sequences analysed but not presented
in their publication comprise 30 individuals from coastal and high-
land Papua New Guinea and 20 individuals from the Moluccas and
Lesser Sunda islands in Indonesia. The Indonesian sequences are
preselected for the 9 bp deletion at np 8272-8289. Sequences with
the 9 bp deletion are displayed in Redd et a. (1995) and the se-
quences without the deletion are displayed in Redd and Stoneking
(1999).

Torroni et a. (1996) The sequence data had been published by Fran-
calacci et a. (1996).

Vigilant et al. (1989) These data are a subset of those in Vigilant
(1990).

Proofreading

We screened the database for systematic typing errors (caused ei-
ther by ourselves or by the origina authors) with the help of our
notation system, which registers nucleotide positions only if they
are different from the Cambridge reference sequence (Anderson et
al. 1981). The notation system implies that any error will have a
chance of 1 in 4 (assuming a homogeneous AGCT composition of
the mtDNA control region, which naturally is only an approxima-
tion) of yielding a variant nucleotide position which looks identi-
cal to the CRS. The variant nucleotide positions are listed in the
weighting option of the search programme, enabling arapid check.
With this approach, we found two systematic errors in our data-
base (one HVR2 dataset had been accidentally defined as an HVR1
dataset and another dataset had transversions coded as transitions),
aswell as 29 isolated errors. Of the isolated errors, 12 were due to
the original authors, whereas the 17 remaining ones were our er-
rors. Of these 17 errors, 8 were due to confusing the variant nu-
cleotide with the CRS nucleotide and the remaining 9 errors were
typing errors. Thiswould imply about 3 x 9 = 27 typing errors still
present in the database of 14,138 individuals, which possibly is
a minimum estimate because erroneously added or omitted nu-
cleotides would not be detected.

Implementation

The database is linked to “mtradius’, a geographic infor-
mation system programmed for Windows. The user may
specify the sequence range he or sheis interested in (e.g.
np 16093-np 16323 and np 73-np 315, thereby omitting the
sequence from np 16324—np 72), and whether geographi-
cally or biologically doubtful sequences should be consid-
ered. The progranme accordingly deactivates sequences
that do not meet the specified criteria. The user then en-
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tersasequence as variants relative to the CRS. Optionally,
the user may change the weight of any nucleotide position
(low or zero weights may be given to rapidly mutating or
unreliably scored positions; for example, the programme
weights np 16182 and np 16183 as zero by default). An-
other application of the weighting option is to weight an-
cestral nucleotide states in order to enhance the search for
phylogenetic clades. mtradius displays two outputs: the
most similar sequences, the second-best matches and the
third-best matches are listed, including the sequence, the
publication, the ethnic or linguistic affinity, the geo-
graphical coordinates and the absolute frequency of each
match. The second output displays the sequence matches
on a high-resolution world map which can be zoomed, with
best, second-best, third-best matches and remaining se-
guences displayed as coloured pie charts. Optionally, the
display of particular match classes can be deactivated, for
example to enhance the display of best matches in the pie
charts. Local relative and absolute match frequencies can
be queried for any rectangle projected on the surface of
the earth by defining a latitudinal and longitudinal grid
and clicking a grid square with the computer mouse.

Discussion

For forensic and population genetic applications, an im-
portant conclusion is that the peer review system as well
as proofreading procedures have failed to eliminate obvi-
ous data errors in the majority of publications. The data-
base presented here resolves some of these errors but there
are probably many more which remain undetected. From
the forensic point of view, our database can be used for
qualitative identification of relevant reference populations
for a given mtDNA type, whereas the determination of a
legally defensible frequency estimate of an mtDNA type
within a population should be performed with higher-qual-
ity datayet to be produced. Sequence errors will typically
lead to biologically non-existent sequences, so this data-
base would only provide alower bound for afrequency es-
timate. Changes are necessary at several levelsto improve
the quality of mtDNA data. The author of a manuscript
should present mtDNA sequences in increasing or de-
creasing order of the first variable nucleotide position
(e.g. Preiffer et a. 1999), so that erroneously omitted or
“shifted” nucleotides and HVRL/HVR2 “recombination
events’ become visually apparent. The reviewer in turn
should investigate potential omissions and shifts via a
database: sequences with omitted nucleotides would be at
distance 1 from real sequences, and sequences with shifted
nucleotides would be found at distance 2. The reviewer
should then routinely request copies of electropherograms.
When potential mistakes have been published and identi-
fied by other researchers, it would be helpful if the au-
thors and editors developed more enthusiasm for partici-
pating in errata — we received feedback from only about
50% of our queries. An increasing number of forensic in-
stitutes will establish their own mtDNA databases: ide-
aly, contributors to such databases should provide not
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only sequence information, but also electropherograms and
possibly even samples for future resolution of problems.
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