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Abstract Mitochondrial DNA control region sequences
were determined in 109 unrelated German Caucasoid in-
dividuals from north west Germany for both hypervariable
regions 1 (HV1) and 2 (HV2) and 100 polymorphic nucleo-
tide positions (nps) were found, 63 in HV1 and 37 in HV2.
A total of 100 different mtDNA lineages was revealed, of
which 7 were shared by 2 individuals and 1 by 3 individ-
uals. The probability of drawing a HV1 sequence match
within the north west Germans or within published sets of
south Germans and west Austrians is similar (within a factor
of 2) to drawing a sequence match between any two of
these three population samples. Furthermore, HV1 sequen-
ces of 700 male inhabitants of one village in Lower Sax-
ony were generated and these showed a nearly linear in-
crease of the number of different haplotypes with increasing
number of individuals, demonstrating that the commonly
used haplotype diversity measure (Nei 1987) for popula-
tion samples tends to underestimate mtDNA diversity in the
actual population.

Key words Mitochondrial DNA - Hypervariable
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Introduction

The analysis of mitochondrial DNA is of great importance
in forensic case work when only degraded DNA is avail-
able, because unlike nuclear DNA, mtDNA is present in
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hundreds to thousands of copies per cell (Robin and Wong
1988). Mitochondrial DNA has been shown to evolve
rapidly and mutate 5-10 times faster than nuclear DNA
(Brown et al. 1979). The resulting sequence variation is con-
centrated within the non-coding control region consisting
of the three hypervariable segments HV1, HV2 and HV3
(Aquadro and Greenberg 1983; Vigilant et al. 1991; Lutz
et al. 1998, 1999). Since recombination is absent in mtDNA
inheritance, the application of mtDNA analysis in forensic
case work requires large population databases for estimat-
ing the probability of identity by chance (Allen et al. 1998).
Another caution is the rapid evolutionary drift of mtDNA
(due to its effective population size of only /4 compared to
nuclear loci), which leads to population-specific lineage
groups (e.g. Torroni et al. 1998). The question then arises
whether it is appropriate to pool population samples from
different regions.

The first part of our study presents a mtDNA database
of 109 unrelated German Caucasoids living in north west
Germany for both hypervariable regions (HV1 and HV?2)
of the mtDNA D-loop region. Mitochondrial DNA is gen-
erally used as a last resort when stain DNA is limited, thus
it frequently occurs that only HV1, which has the highest
density of polymorphic positions, is chosen. For this rea-
son we discuss HV1 and HV1+HV2 separately. In order
to investigate whether regional differences in the mtDNA
sequences of German-speaking people are relevant for the
probability of finding sequence matches by chance, mtDNA
sequences from north west Germans were compared to a
south German (Lutz et al. 1998, 1999) and a west Aus-
trian population sample (Parson et al. 1998). Furthermore,
sequence data for HV1 only were generated for 700 males
living in a village and its surroundings in Lower Saxony,
and the correlation between the number of haplotypes and
the population number size was explored in order to ob-
tain a realistic picture of the resolving power of mtDNA
in a local context.
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Materials and methods
DNA extraction

EDTA blood samples from 109 unrelated German Caucasoids liv-
ing in North Rhine Westphalia and 700 saliva samples from males
living in one village area in Lower Saxony were collected. The lat-
ter 700 samples were neither preselected for ethnicity, nor for ma-
ternal unrelatedness and therefore represent the current genetic
composition of the village. DNA from the EDTA blood samples
was extracted using the QIAamp Blood Kit (Qiagen). DNA ex-
traction from the saliva samples was performed with Chelex 100
(Walsh et al. 1991).

MtDNA amplification and sequencing

The amplification for both hypervariable regions was performed in a
Perkin Elmer 9600 thermal cycler. The following primer pairs were
used:

HV1: F15971 (5" TTA ACT CCA CCA TTA GCA CC)
R16410 (5" GAG GAT GGT GGT CAA GGG AC)
HV2: F15 (5" CAC CCT ATT AAC CAC TCA CG)
R448 (5" TGA GAT TAG TAG TAT GGG AG)
(Holland et al. 1995).

The PCR master mix for a 25 pl reaction consisted of: 2.5 ul 10X
Perkin-Elmer PCR Buffer (1X 10 mM Tris-HCI, pH 8.3, 50 mM
KCl and 1.5 mM MgCl,), 2 ul 2.5 mM dNTP Mix, 1 ul 10 uM for-
ward amplification primer, 1 pul 10 uM reverse amplification primer
and 0.25 pL of AmpliTaq DNA polymerase. Of the DNA extract
2.5 pl (approximately 2.5 ng) was added to each reaction mix. The
PCR conditions for both HV1 and HV2 were: 94 °C for 30 s fol-
lowed by 32 cycles 94 °C for 20 s, 56 °C for 10 s, 72 °C for 30 s, fol-
lowed by 5°C soak. Of the PCR product 5 pl was added to 1 pul 6 X
agarose gel loading buffer, loaded on a 2% agarose gel, electro-
phoresis was carries out at constant voltage (90 V) for approxi-
mately 30 min and visualised on a transilluminator. A sizing lad-
der was included on each gel (1 pl of 123 base pair ladder, 4 ul
dest. H,O and 1 pl of 6 X loading buffer). The gels were photo-
graphed with a Polaroid camera fitted with an orange filter. Prior to
sequencing the PCR product was purified using Centricon 100 spin
dialysis columns (Amicon). Cycle sequencing was performed us-
ing 8.0 ul ABI PRISM Dye Terminator Cycle Sequencing Ready
Reaction Kit with AmpliTaq FS DNA polymerase, 1 ul 10 uM se-
quencing primer, 1-11.0 ul purified PCR product and sterile dis-
tilled water gs to 20 pl for each sample. The sequencing primers
were as follows (Holland et al. 1995):

HVI1: F15989 5’ CCC AAA GCT AAG ATT CTA AT
R16410 5" GAG GAT GGT GGT CAA GGG AC

HV2: F29 5" CTC ACG GGA GCT CTC CAT GC
R381 5" GCT GGT GTT AGG GTT CTT TG

A Perkin Elmer 9600 thermal cycler was used under the following
conditions: 25 cycles at: 96°C for 15 s, 50°C for 5 s and 60°C for
2 min. After sequencing the samples were passed through Centri-
flex gel filtration cartridges (Advanced Genetic Technologies) and
dried in a vacuum centrifuge. Automated DNA sequencing was
performed on an AB 373 DNA Sequencer and 4 pul loading buffer
(50 mM EDTA/deionised formamide 1:5) was added to the dry sam-
ples. The samples were vortexed, denatured at 96 °C for 2 min and
loaded on a polyacrylamide gel. Electrophoresis was run at 18-21
mA, 980-1600 V and a temperature approaching 40°C for 12 h.
Analysis of mitochondrial DNA sequencing data was performed
on a Macintosh computer using the Sequence Navigator software
(Version 1.0.1 ABI). HV1 was analysed between nps16024 and
16365, HV2 between nps73 and 340 according to the Anderson se-
quence. The sequence polymorphisms were compared to the data-
bases of west Austria (Parson et al. 1998) and south Germany
(Lutz et al. 1998, 1999) for nps16024—-16365 and nps73—-340 ac-
cording to the Anderson sequence (Anderson et al. 1981).
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The diversity measures dw,,;, (minimum diversity within the
population, also termed 4 by Nei 1987), mw,,;, (minimum match-
ing probability within the population), mw,,, (maximum matching
probability within the population), and mb,;, (minimum matching
probability between two populations) were calculated as in Brink-
mann et al. (1999). The ratio mw,,,/mb,;, gives an upper estimate
how many more times it is probable to find a match within a pop-
ulation than between two populations and the ratio mw,,;,/mb,.;,
gives a lower estimate.

Results and discussion

The sequences of HV1 and HV2 were determined for 109
individuals. For these individuals 63 polymorphic posi-
tions were found in HV1 and 37 in HV2 which resulted in
100 different haplotypes (Table 1). The most frequent
haplotype (263 G, 309.1 C, 315.1 C) was found in 3 indi-
viduals, the remaining 7 non-unique sequence types were
shared by only 2 individuals each (Table 1).

Compared to the reference sequence (Anderson et al.
1981), one A to G transition at np263 and six cytosine nu-
cleotides instead of five at nps311-315 were detected in
all individuals (Table 1). These differences are typical for
nearly all individuals in other populations (Piercy et al.
1993; Lutz et al. 1998; Parson et al. 1998; Pfeiffer et al.
1998; Rousselet and Mangin 1998). A transition from T to
C at np16189 occurred in 14 cases (13%) and was connec-
ted with length heteroplasmy in the homopolymeric tract
between nps16184 and 16193, which produced a charac-
teristic blurred sequence in nucleotides beyond the tract
(Bendall and Sykes 1995). Length polymorphism in the
homopolymeric tract of HV2 at nps303-315 was found in
13 individuals (12%).

Lutz et al. (1998) found in 200 south German Cauca-
soids 88 variable nucleotide positions in HV1 and 65 vari-
able positions in HV2. A revised version of the Lutz et al.
(1998) data was used for our calculations, (cf. Lutz et al.
1999). Parson et al. (1998) investigated the sequences of
101 west Austrian Caucasoids and described 74 sequence
polymorphisms between nps16023 and 16365 (HV1) and
46 between nps73 and 340. To investigate whether it is le-
gitimate to pool the Austrian, south German and north west
German databases for forensic purposes, upper and lower
bounds for matching probabilities within and between re-
gions were calculated for HV1 data (nps16024—16365)
(Table 2).

Table 2 shows that it is approximately as likely to find
a Miinster-Miinster match as a Miinster-Innsbruck or a
Miinster-Freiburg match (factors ranging from 0.8 to 1.3).
The same is true for the Freiburg samples. In contrast, it is
slightly more likely to find matches within Innsbruck than
between Innsbruck and the other two databases, although
the factor is small (ranging from 1.3 to 1.9), and larger
samples (n > 200 for German subpopulations) and shuf-
fling/resampling techniques are required to test the stabil-
ity of these values. In any case, a 1.5 to twofold difference
in matching probabilities between the databases will not
be relevant in most forensic cases. The resolution of HV1
in Caucasoids typically ranges from 1 match in every 4 in-
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Table 1 (continued)
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dividuals (e.g. the Anderson sequence in Wales, Richards on average halve these resolutions, and influence practical
et al. 1996) to 1 match in every 5000 individuals (any forensic decisions (such as whether or not to initiate a
unique sequence in the current total of published and un- mass screening) only in the lower resolution range, if at
published Caucasoid sequences). A twofold factor would all. The pooling of the regional mtDNA HV1 databases
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into a common German Caucasoid database in practical

forensic casework using only HV1 seems justified.

When both HV1 and HV2 are considered, the haplo-
type diversity (Nei 1987) of the 109 unrelated individuals

of north west Germany rises to 0.9891. The corresponding
haplotype diversities for Innsbruck is 0.9864. The haplo-
type diversity for the combined HV1, 2 and 3 for the
Freiburg samples is 0.994. This high resolution ensures
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Table 2 MtDNA HV1 sequence matching probabilities within
and between the Miinster, Freiburg, and Innsbruck samples

Miinster (M) Innsbruck (I) Freiburg (F)

n 109 101 200

dwi, (= h, Nei 1987) 0.9688 0.9460 0.9690

mw,.. =1 —dwp, 0.0312 0.0540 0.0310

mw,in 131/5886 222/5050 519/19900

mb,;, M-1: 0.0291 I-F: 0.0341 F-M:0.0234
M-F: 0.0234 I-M:0.0291 F-I: 0.0341

MW, /Mbyin M/I: 1.1 I/F: 1.6 F/M: 1.3
M/F: 1.3 I/M: 1.9 F/1: 0.9

mw,,../mb ;. M/I: 0.8 I/F: 1.3 F/M: 1.1
M/F: 1.0 I/M: 1.5 F/1: 0.8
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Fig.1 Correlation between population sample size and number of
different mtDNA haplotypes in HV1
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Haplotypes diversity
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Population sample size

Fig.2 Correlation between population sample size and haplotype
diversity (Nei 1987) in HV1. The samples are randomly selected
from the database, the value for the sample size 100 is the mean
value of three randomly selected population sub-samples of 100

that very few matches are found either within or between
regions, making a detailed consideration as performed
above for HV1 unnecessary.

In an independent study, 700 males from one village area
of Lower Saxony were typed in HV1 only (sequence data
can be obtained from the authors), where 137 variable po-
sitions resulted in 317 different haplotypes. As in the pre-
vious set of 109 Germans, the 16182A to C transversion (15
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out of 809 individuals) was always associated with the
npl6183 A to C transversion (33 out of 809 individuals) and
the npl6183A to C transversion in turn was always asso-
ciated with the 16189T to C transition if it created an un-
interrupted C-stretch (105 out of 809 individuals). It thus
appears that the appearance of these three mutations is
mechanistically linked. Surprisingly, with increasing num-
ber of individuals the number of different haplotypes increa-
ses nearly linearly (Fig. 1) instead of approaching a level
of saturation. Some of these village inhabitants of course
are maternally related and an even higher number of dif-
ferent haplotypes would be expected if unrelated individuals
were investigated. Of the 700 individuals 225 have unique
mtDNA HV1 sequences.

It seems from Fig. 2 that a sample size of at least 200
is needed to obtain a realistic picture of the average match-
ing probability for HV1 sequences in the actual popula-
tion. We conclude that the forensic resolution of mtDNA
HV1 is better than its reputation and will typically be foren-
sically useful even in a single German village.
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