
Abstract Mitochondrial DNA control region sequences
were determined in 1200 male volunteers from one vil-
lage area of Lower Saxony for the hypervariable region 1
(HV1). The 154 variable positions found resulted in 460
different haplotypes with a haplotype diversity value of
0.98165. The number of different haplotypes showed a
nearly linear increase with the number of individuals typed.
The haplotype diversity approached saturation level at a
value of approximately 0.981 after typing 400 individuals.
Furthermore, the number of different haplotypes and the
haplotype diversity were calculated for four short ampli-
cons of HV1 in order to establish the most variable sec-
tion with a high efficiency for forensic casework.
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Introduction

The high polymorphism of the hypervariable region 1
(HV1) of the mitochondrial DNA D-loop and its use for
forensic casework has been demonstrated by many authors
(Piercy et al. 1993; Lee et al. 1997; Lutz et al. 1998, 1999;
Parson et al. 1998; Rousselet and Mangin 1998; Pfeiffer et
al. 1998, 1999). Due to high regional polymorphism the

application of mtDNA analysis in forensic casework ben-
efits from large local databases for estimating the proba-
bility of identity by chance (Allen et al. 1998). The first part
of our study presents the collection of 1200 mtDNA HV1
sequences from male volunteers living in a village in Lower
Saxony. The correlation between the number of different
haplotypes and the population sample size was explored
in order to demonstrate the high variability of the HV1 re-
gion even in a local context. The data set was compared to
other existing databases from Caucasian population groups
(Lutz et al. 1998, 1999; Parson et al. 1998; Pfeiffer et al.
1999).

For poor quality DNA, for instance from ancient bone
material, the amplification of short mtDNA fragments is
more promising than amplification of the whole hypervari-
able region since DNA undergoes damage and degradation
influenced by environmental factors (Bär et al. 1988). The
molecular genetic analyses of the Tyrolean Ice Man (Handt
et al. 1994) and of the Neandertal-type specimen found 
in western Germany (Krings et al. 1997) demonstrated that
mtDNA sequences can be retrieved from human remains
after a long time interval since death. However, old skele-
tal material was demonstrated generally to allow amplifi-
cation of DNA sequences no more than 200 base pairs (bp)
long. For this reason, when working with ancient bone
fragments, primers spanning short mtDNA segments are
required for amplification. The short amplicons should be
as informative as possible and should provide a high poly-
morphic content. The aim of the second part of our study
was to calculate the number of different haplotypes and the
haplotype diversity (Nei 1987) from the 1200 samples for
four short amplicons of HV1 in order to find out the most
informative segment for application in forensic casework
when stain mtDNA is limited and assumed to be degraded.

Materials and methods

DNA sampling and extraction

Saliva samples were collected from 1200 male volunteers between
16 and 55 years old living in one village area 20 km from Braun-

H. Pfeiffer · P. Forster · C. Ortmann · B. Brinkmann

The results of an mtDNA study of 1200 inhabitants 
of a German village in comparison to other Caucasian databases 
and its relevance for forensic casework

Int J Legal Med (2001) 114 :169–172 © Springer-Verlag 2001

Received: 29 January 2000 / Accepted: 24 April 2000

ORIGINAL ARTICLE

Supplementary material: Data on the mtDNA sequences in HVI
from 1200 male volunteers from one rural area in Lower Saxony,
Germany (Table S1), are available in electronic form on Springer-
Verlag’s server at http://link.springer.de/link/service/journals/
00414/index.htm.

H. Pfeiffer (�) · C. Ortmann · B. Brinkmann
Institute of Legal Medicine, University of Münster, 
Von Esmarch-Strasse 62, 48149 Münster, Germany
e-mail: pfeiffh@uni-muenster.de; 
Fax: +49-251-8355158

P. Forster
McDonald Institute for Archaeological Research, 
University of Cambridge, Downing Street, 
Cambridge, CB2 3ER, UK



schweig, a city in Lower Saxony with 240,000 inhabitants and a
modern industry structure. The village has approximately 5300 in-
habitants, and many of the residents have moved out from the city.
Approximately 5% of the typed volunteers were not German Cau-
casians but came, in most cases, from Turkey or Poland. The sam-
ples were collected in the course of a voluntary mass-screening af-
ter a homicide, where the only evidential material was a hair shaft
that did not belong to the victim. From this hair shaft, for purposes
of comparison, only data for the hypervariable region 1 of mtDNA
(HV1) existed.

The samples were preselected neither for ethnicity nor for ma-
ternal unrelatedness, and therefore represent the current genetic
composition of the village. DNA extraction was performed with
Chelex 100 (Walsh et al. 1991).

MtDNA amplification and sequencing

The amplification and sequencing for the hypervariable region 1
(HV1) and the short fragments of HV1 were performed according
to the instructions of the Armed Forces DNA Identification Labo-
ratory (1413 Research Blvd., Rockville, MD USA 20850D3125)
using the following primer pairs (Holland et al. 1995):

– F15971 (5′ TTA ACT CCA CCA TTA GCA CC)
– R16410 (5′ GAG GAT GGT GGT CAA GGG AC)

– F15971 (5′ TTA ACT CCA CCA TTA GCA CC)
– R16175 (5′ TGG ATT GGG TTT TTA TGT A)

– F15971 (5′ TTA ACT CCA CCA TTA GCA CC)
– R16251 (5′ GGA GTT GCA GTT GAT GT)

– F16144 (5′ TGA CCA CCT GTA GTA CAT AA)
– R16410 (5′ GAG GAT GGT GGT CAA GGG AC)

– F16190 (5′ CCC CAT GCT TAC AAG CAA GT)
– R16410 (5′ GAG GAT GGT GGT CAA GGG AC)

DNA sequencing was carried out on an ABI Prism 310 automated
sequencer with BigDye Terminator sequencing reagents (ABI-
Perkin Elmer, Weiterstadt, Germany). The analysis of the sequences
and the calculation of the haplotype diversity was performed as de-
scribed previously (Pfeiffer et al. 1999), and all sequences were
checked by two investigators.

All polymorphisms compared with the Anderson sequence (An-
derson 1981) were combined in one Microsoft Excel (Version 5.0)
table. The sequencing reaction was carried out in both directions and
only confirmed deviations from the reference sequence (Anderson
1981) were included in the database. In cases of length heteroplasmy
in the poly-C strand, the polymorphisms before the C-stretch in the
reverse reaction and behind the C-stretch in the forward sequencing
reaction were confirmed by repeating amplification and sequenc-
ing reactions.

The number of different haplotypes and the haplotype diversity
of the total HV1 was calculated for randomly selected sample groups
between 50 and 1200 using the Microsoft Excel sorting function.
With the same function, the number of different haplotypes and the

haplotype diversity of the four short mtDNA amplicons were cal-
culated for all 1200 samples. The number of haplotypes and the
haplotype diversity (Nei 1987) for the sample size 50 and 100 is
the mean value of 10 and for the sample size from 150 to 350 of 
5 randomly selected population sub-samples (Table 1). The mean
standard deviation was calculated for all these groups, and the val-
ues varied between 2 and 4 for the number of different haplotypes
and from 0.0018 to 0.0063 for the haplotype diversity (Table 1).

Results and discussion

A total of 1200 males from one village area of Lower Sax-
ony were typed in HV1 for the nucleotide positions (nps)
16024–16365 according to the reference sequence (An-
derson et al. 1981) (Table S1). The 154 variable positions
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Table 1 Mean number of dif-
ferent haplotypes and mean
haplotype diversity for random
selected sub-populations from
the database (n = 1200)

Population Number of Mean number Mean standard Mean Mean standard
sample size random of different deviation haplotype deviation

selections haplotypes diversity

50 10 38 3 0.9619 0.0063
100 10 69 3 0.9718 0.0059
150 5 95 4 0.9762 0.0036
200 5 121 3 0.9766 0.0038
250 5 144 2 0.9777 0.0019
300 5 167 4 0.9785 0.0022
350 5 187 3 0.9792 0.0018

Fig.1 Correlation between population sample size and a number
of different mtDNA haplotypes and b haplotype diversity (Nei
1987) in HV1. The samples were randomly selected from the data-
base; the value for the sample sizes 50 and 100 is the mean value
of 10 and for the sample sizes from 150 to 350 of 5 randomly se-
lected population sub-samples, respectively

b

a



resulted in 460 different haplotypes. With increasing num-
ber of individuals, the number of different haplotypes in-
creases nearly linearly without approaching saturation level
(Fig.1a). The haplotype diversity (Nei 1987) approached
saturation level at a value of approximately 0.981 after typ-
ing 400 individuals (Fig.1b), and therefore from a data-
base size of 400 HV1 sequences the possibility of 2 ran-
domly selected individuals having identical mtDNA types
is 2%.

Of the 1200 individuals, 305 showed unique mtDNA
HV1 sequences. The most frequent haplotype was the ref-
erence sequence (Anderson et al. 1981), which occurred in
124 samples (10.3%), and 12 haplotypes showed up more
than 10 times . An intact poly-cytosine tract between nps
16184 and 16193 without a T at position 16189 resulting
in length heteroplasmy (Bendall and Sykes 1995) with the
characteristic out-of-reading frame sequence beyond the
C-stretch, was found in 144 cases (12%). In such cases for
confirmation of the base call the application of primer sets
F15971/R16175 and F16190/16410 can be recommended
for forensic use (Table 2).

We conclude from these data that there is a very high
variability in HV1 even in a local area where the number
of maternally related individuals is expected to be higher
than in big cities. The high variability of the data set can
be explained by the fact that people from the nearby big
city moved into the village area and that about 5% of the
volunteers did not belong to the German Caucasian popu-
lation group. However, the variability of this data set does
not seem to be higher than in other Caucasian population
groups (Table 3). The number of different haplotypes in
HV1 in other Caucasian population groups (Lutz et al.

1998; Parson et al. 1998; Pfeiffer et al. 1999) correlates
with the sample size of the database in the same manner
as in our data set (Table 1; Fig. 1). Most of the frequent hap-
lotypes in our data also occur with a high frequency in
other Caucasian databases (Table 4). Our data do not sug-
gest at which population sample size the saturation of the
number of variable sites will occur. Although in our data
set a total of 154 variable positions were found, in other
Caucasian population groups (Lutz et al. 1998; Parson et
al. 1998; Pfeiffer et al. 1999) variable positions and hap-
lotypes occur which did not show up in our data. As the
most commonly occurring haplotypes found in this study
are also essentially the most common in other Caucasian
population samples, it would seem that even those popula-
tion groups from different regions are basically similar
(Table 4). However, there also occur exceptional differ-
ences in frequencies of certain haplotypes, for instance the
Anderson sequence or haplotype 4 in this study (Table 4).
These differences may be due to small sample size of the
data bases compared to the 1200 samples investigated in
this study. It seems from this comparison that with the in-
crease of the sample size of a mtDNA data base of one
population group, the frequencies of certain commonly
occurring haplotypes remain relatively stable while new
unique haplotypes show up.

In forensic case work the amplification of short DNA
segments is generally more sensitive and efficient (Man-
nucci et al. 1994). In these cases the amplification of mul-
tiple overlapping small fragments is a very common prac-
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Table 2 Number of different haplotypes and haplotype diversity
(Nei 1987) of four short mtDNA amplicons in HV1 obtained from
1200 individuals

Primer set Analysed Number of Haplotype 
segment (nps) different diversity

haplotypes (Nei 1987)

F15971 16024–16142 45 0.608077
R16175
F15971 16024–16222 174 0.828584
R16251
F16144 16166–16365 356 0.962861
R16410
F16190 16212–16365 256 0.937146
R16410

Table 3 Number of polymorphic positions in HV1 and number of
different haplotypes in three Caucasian populations

Reference Size of Number of Number of 
database polymorphic different

positions haplotypes
in HV1

Lutz et al. (1998) 200 88 125
Parson et al. (1998) 101 74 68
Pfeiffer et al. (1999) 109 63 71

Table 4 Frequencies of the most commonly occurring haplotypes
in this study compared to three other Caucasian populations. The
frequencies were estimated from the number of haplotypes found
in relation to the sample size of the data base (The most frequent
haplotypes in this study with exception of the Anderson sequence
were 1: 16224 C, 16311 C; 2: 16126 C, 16163 G, 16186 T, 16189 C,
16294 T; 3: 16304 C; 4: 16069 T, 16126 C; 5: 16126 C, 16294 T,
16296 T, 16304 C; 6: 16298 C; 7: 16362 C; 8: 16311 C; 9: 16189 C;
10: 16069 T, 16126 C, 16145 A, 16231 C, 16261 T; 11: 16129 A,
16223 T; 12: 16189 C, 16192 T, 16270 T; 13: 16189 C, 16356 C)

Individual haplotype Frequency (%) of individual haplotypes 
and frequency (%) in literature
in this study

Lutz et al. Parson et al. Pfeiffer et al. 
(1998) (1998) (1999)

Anderson/10.3 15 21.8 11.9
1/3.3 2.5 1 2.8
2/2.9 1 0 0
3/2.7 2 0 1.8
4/2.6 2.5 2 7.3
5/2.6 3.5 1 0
6/2.4 2 1 2.8
7/2.2 1 0 0.9
8/1.8 1.5 1 3.7
9/1.3 1 2 1.8
10/1.2 1 3 0
11/1.1 1.5 1 0
12/0.9 0 0 0
13/0.9 1 0 0



tice (Holland et al.1995). The calculations from our data-
base showed that the primer set F16144/R16410 is the most
informative short amplicon concerning the individual vari-
ability (Table 2). However, this primer set cannot be ap-
plied for sequencing in both directions in cases with a
length heteroplasmy in the poly-C stretch. Therefore, in
forensic and archaeological case work, when only a small
amount of mtDNA sequences can be obtained, we recom-
mend the use of the primer pair F16190/R16410 among
other small mtDNA fragments (Table 2).
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