
1

Abstract The forensic application of mitochondrial DNA
(mtDNA) typing requires large and regionally well-de-
fined databases. To expand the database for forensic iden-
tification purposes in Slovenia, the mtDNA control region
sequences of the hypervariable regions HVI and HVII were
determined in a population of 129 maternally unrelated
Slovenians, using a fluorescent-based capillary electro-
phoresis sequencing method. A total of 111 different hap-
lotypes resulting from 124 polymorphic positions (80 poly-
morphic positions in HVI and 44 in HVII) were found. Of
these, 101 mtDNA types were unique, 6 haplotypes were
shared by 2 individuals, 1 haplotype by 3 individuals, 2 hap-
lotypes by 4 individuals, and the most common haplotype
was found in 5 individuals. The most frequent haplotypes
in the Slovenian population ,263(G), 315.1(C) and 263(G),
309.1(C), 315.1(C) are also the most common in other
European populations. The data support the concept that
these haplotypes may represent a common European mtDNA
sequence types. The sequence poymorphisms were com-
pared to the databases of west Austria and central Italy
and the HVI and HVII sequence matching probabilities
within and between populations were calculated. It is
1.1–4.5 times more likely to find a sequence match in a
random pair of Slovenians than in a random Slovenian-
Italian pair and in a random Slovenian-Austrian pair. The
length heteroplasmy in the homopolymeric C-stretch re-
gions located at nucleotide positions 16184–16193 in HVI
and at positions 303–315 in HVII was observed in 17%
and 8% of individuals, respectively. A statistical estimate
of the results for this population showed the random match
probability and the genetic diversity of 1.16% and 0.996,
respectively.

Electronic Supplementary Material Supplementary ma-
terial is available in the online version of this article at
http://dx.doi.org/10.1007/s00414-003-0394-3
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Introduction

Sequence analysis of the mitochondrial DNA control re-
gion is of central importance for forensic identity testing
as well as for studies of human evolution. In order to use
the mtDNA analysis in forensic casework we have per-
formed mtDNA database by typing mtDNA HVI and
HVII region in a sample of 129 Slovenians. The sequence
polymorphisms were compared to the databases of west
Austria and central Italy. The mtDNA sequence matching
probabilities within and between European populations
were calculated only for HVI region (Pfeiffer et al. 1999;
Cali et al. 2001). Here we present the calculations of match-
ing probabilities within and between the Slovenian, Aus-
trian and Italian populations for both hypervariable seg-
ments (HVI and HVII) of the mtDNA D-loop region.

Materials and methods

DNA extraction

The population sample included 129 maternally unrelated people
who were not preselected for ethnicity and is therefore representa-
tive of the current ethnical composition of Slovenia. DNA was ex-
tracted from bloodstains, oral swabs and hairs using the chelex ex-
traction procedure (Walsh et al. 1991), followed by purification
with Centricon 100 spin dialysis columns (Amicon). DNA from
the EDTA blood samples was extracted using the QIAamp blood
kit (Qiagen) following the manufacturer’s recommendations.

MtDNA amplification

The two hypervariable regions of mtDNA were amplified by the
polymerase chain reaction (PCR) performed in a Biometra UNO-
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thermoblock. For bloodstains, oral swabs and EDTA blood sam-
ples the primers F15997/R16401 for HVI and F29/R408 for HVII
(Parson et al. 1998) were used. The primers F15971/R16258,
F16140/R16414 for HVI and F15/R274, F145/R389 for HVII
(Holland et al. 1995) were used for amplification of mtDNA ex-
tracted from hairs. PCR was carried out in a 25 µl reaction mixture
consisting of 2.5 µl GeneAmp 10X PCR Gold Buffer (1× 15 mM
Tris-HCl, pH 8.0, 50 mM KCl) (Applied Biosystems), 1.5 µl 25 mM
MgCl2, 2 µl 2.5 mM dNTP mix, 2 µl 5 µM forward amplification
primer, 2 µl 5 µM reverse amplification primer and 0.25 µl of
AmpliTaq Gold DNA polymerase (Applied Biosystems). For am-
plification of mtDNA extracted from hairs 0.75 µl of AmpliTaq
Gold DNA polymerase was used and approximately 3 ng of DNA
was added to each reaction mix. The amplification of HVI and
HVII regions with the primers F15997/R16401, F16140/R16414,
F29/R408, F15/R274, and F145/R389 was carried out at 94°C for
11 min followed by 32 cycles of 94°C for 20 s, 56°C for 10 s and
72°C for 30 s. The PCR conditions for amplification of HVI with
the primer F15971/R16258 was the same, except the annealing
was done at 62°C for 20 s. Prior to sequencing the PCR products
were purified using Centricon 100 spin dialysis columns (Amicon)
following the manufacturer’s recommendations.

MtDNA sequencing

Sequencing reactions were performed in a Biometra UNO-ther-
moblock in both orientations in order to verify the accuracy of
base-calling. For mtDNA typing of bloodstains, oral swabs and
EDTA blood samples the primers used for the sequencing of the
PCR products were the same as for the amplification. The se-
quencing primers F15971/R16255, F16144/R16414 for HVI and
F29/R270, F155/R381 for HVII (Holland et al. 1995) were used
for cycle sequencing of amplicons obtained from mtDNA ex-
tracted from hairs. Sequencing reactions were carried out using
2–6 µl ABI PRISM Dye Terminator Cycle Sequencing Ready Re-
action kit with AmpliTaq FS DNA polymerase (Applied Biosys-
tems), 6–10 µl purified PCR product as template, 2 µl 5 µM se-
quencing primer, and sterile distilled water to 20 µl for each sam-
ple. Both strands were sequenced with different amounts of the
Ready Reaction kit. We used 2 µl of the Ready Reaction kit for
forward sequencing reactions and 6 µl for reverse sequencing reac-
tions, except for mtDNA typing of hairs where we used 6 µl for se-
quencing in both the forward and reverse directions. Sequencing
was carried out at 96°C for 30 s, 50°C for 15 s and 60°C for 4 min,
for 25 cycles. The removal of excess dye-deoxy terminators, primers
and buffer was accomplished with MicroSpin G-50 columns
(Amersham Pharmacia Biotech) following the manufacturer’s rec-
ommendations, 12 µl of Template Suppression Reagent (Applied
Biosystems) was added to 10 µl of purified sequencing product,
heat-denatured and snap-cooled on ice. Automated DNA sequenc-
ing was carried out on an ABI Prism 310 Genetic Analyzer (Perkin
Elmer) using the Performance Optimized Polymer POP 6 (Applied
Biosystems). The denatured samples were electrokinetically injected
for 30 s at 2.0 kV into a 47 cm capillary. The electrophoresis was
run at 15.0 kV and 50°C for 36 min with POP6 polymer and the
rapid sequencing module. Analysis of mitochondrial DNA sequenc-
ing data was performed on a Macintosh computer using the Se-
quencing Analysis Software, Version 3.0 (ABI). The sequences were
aligned and compared with the Anderson sequence (Anderson et al.
1981) from 16030 to 16401 for HVI region and from 55 to 408 for
HVII region. In cases of length heteroplasmy in the poly-C strand,
the polymorphisms behind the C-stretch in the forward sequencing
reaction and before the C-stretch in the reverse reaction were con-
firmed by repeating amplification and sequencing reactions.

The random match probability was defined according to
Stoneking et al. (1991) and the genetic diversity was calculated ac-
cording to Tajima (1989). The sequence poymorphisms were com-
pared to the databases of west Austria (Parson et al. 1998) and cen-
tral Italy (Tagliabracci et al. 2001) for nucleotide positions 16030–
16394 in HVI and nucleotide positions 55–361 in HVII according
to the Anderson sequence. The minimum diversity within the pop-

ulation (dwmin), the maximum matching probability within the
population (mwmax), the minimum matching probability within the
population (mwmin), and the minimum matching probability be-
tween two populations (mbmin) were calculated according to Brink-
mann et al. (1999) and Pfeiffer et al. (1999). An upper (mwmax/
mbmin) and a lower estimate (mwmin/mbmin) of how many more
times it is likely to obtain a sequence match within a population than
between two populations were defined.

Results and discussion

The sequences of hypervariable regions 1 and 2 were de-
termined for 129 maternally unrelated Slovenians and 111
mtDNA types were observed. Of these, 101 mtDNA types
were unique and 10 haplotypes were shared by more than
one individual (Table S1). A total of 124 polymorphic po-
sitions were found in both regions. For the HVI 80 vari-
able sites were detected. In this region 15.5% of the hap-
lotypes presented were identical with the Anderson se-
quence which is similar to other European Caucasian data-
bases, e.g. 12% for Germany (Pfeiffer et al. 1999), 14%
for Switzerland (Dimo-Simonin et al. 2000) and Britain
(Piercy et al. 1993), 16% for Italy (Tagliabracci et al.
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Table 1 The nucleotide substitutions, deletions and insertions ob-
served in the HVI and HVII region of the mitochondrial DNA in
the Slovenian population

Mutation type Number Total number 
of position of mutations

Transitions
Pu-Pu

A-G 23 242
G-A 9 35

Py-Py
C-T 39 150
T-C 40 243

Total 111 670

Transversions
A-C 6 21
C-A 1 2
G-C 1 1
T-G 1 1
G-T 1 1
A-T 1 1
T-A 1 1
Total 12 28

Deletions
–C 1 1
Total 1 1

Insertions
+C 2 176
+2C 1 19
Total 3 195

Py pyrimidine.
Pu purine.
A adenine
T thymine.
G guanine.
C cytosine.



2001), 17% for Spain (Crespillo et al. 2000), 18% for France
(Cali et al. 2001), and 20% for Austria (Parson et al. 1998).
For the HVII region 44 variable sites were detected.

The distribution of nucleotide substitutions, deletions
and insertions (Table 1) showed a large bias towards transi-
tional changes with a transition:transversion ratio of 24:1.
The majority of mutations in both regions were transitions
(75%), insertions were observed in 22%, transversions in
3%, and deletions in 0.1%, which is in agreement with pre-
viously published data (Piercy et al. 1993; Tagliabracci et
al. 2001; Crespillo et al. 2000; Dimo-Simonin et al. 2000).
The majority of observed transitions were pyrimidines, with
a pyrimidine to purine ratio of 1.4:1 (more pyrimidine than
purine transitions were observed in HVI, while in HVII
more purine transitions were found). The number of differ-
ent positions where insertions and deletions were observed
was 3 and 1, respectively. The HVII sequence only was in-
volved in C insertions. The deletion was found in only one
individual at position 16257 in HVI. The majority of poly-
morphic sites presented only 1 mutation type, however 2
different mutation events were observed at 3 out of 124 po-
sitions (16129, 16265, and 72). As observed in Germans by
Pfeiffer et al. (1999) the appearance of some mutations 
is mechanistically linked. The 16182A to C transversion
(7 out of 129 individuals) was always associated with the
16183A to C transversion (10 out of 129 individuals) and
the 16183A to C transversion in turn was always associated
with the 16189T to C transition if it created an uninter-
rupted C-stretch (28 out of 129 individuals). Compared to
the Anderson reference sequence 1 A to G transition at
nucleotide position 263 in 128 subjects were detected and
6 cytosine nucleotides instead of 5 at nucleotide positions
311–315 were observed in 127 out of 129 individuals.

An intact poly-cytosine tract between nucleotide posi-
tions 16184 and 16193 without a T at position 16189 re-
sulting in length heteroplasmy, produced a characteristic
blurred sequence in nucleotides beyond the tract (Bendall
and Sykes 1995). In our study the T to C transition at posi-
tion 16189 was found in 28 individuals. Where an addi-
tional transition from C to T takes place between the posi-
tions 16184–16193 no length heteroplasmy sequences were
observed. In Slovenians 6 sequences with an additional
transition from C to T were found (4 at position 16186 and
2 at position 16192). Of the 129 individuals sequenced, the
22 length heteroplasmy sequences were observed with a
stretch of 10 or more Cs. Of these, in 3 sequences the tran-
sition at position 16189 was coupled with an A to C trans-
version at position 16183 generating 11 cytosine stretches,
and in 7 sequences there was a double A to C transversion
at positions 16182 and 16183 generating 12 cytosine
stretches. In the remaining 12 length heteroplasmy se-
quences the stretch was 10 cytosines long. Our data showed
that 17% of the individuals presented a mixture of different
length variants for a heteroplasmic situation in HVI region.
Similar results were observed in other European popula-
tions, e.g. 5% in Switzerland (Dimo-Simonin et al. 2000),
12% in Italians (Tagliabracci et al. 2001), 13% in Germans
(Pfeiffer et al. 1999), 15% in Austrians (Parson et al. 1998),
and 16% in Spanish (Crespillo et al. 2000). The length het-

eroplasmy in the homopolymeric C-stretch region located at
positions 303–315 in the HVII region was observed in 10
individuals (8% of the samples). In Germany (Pfeiffer et al.
1999) in 12% of the population samples the length hetero-
plasmy at positions 303–315 in HVII was found, in Italy
(Tagliabracci et al. 2001) in 17%, in Austria (Parson et al.
1998) in 19%, in Spain (Crespillo et al. 2000) in 41%, and
in Switzerland (Dimo-Simonin et al. 2000) in 62%. Two in-
dividuals in our population sample showed at nucleotide
position 310 in HVII region transition T to C, resulting in a
stretch of 13 cytosine nucleotides, where the characteristic
out-of-reading frame sequence beyond the C-stretch oc-
curred. The same unusual transition was found in one
mother-son pair in Italians (Tagliabracci et al. 2001). In our
study only these two sequences lacked the C insertion at nu-
cleotide positions 311–315.

Of the 129 sequences studied 14% were not unique but
showed at least one counterpart with an identical haplo-
type. Table 2 shows the haplotypes observed in at least
two individuals in our population. The most frequent hap-
lotype was found in 5 individuals, 2 haplotypes were
shared by 4 individuals, 1 haplotype by 3 individuals, and
the remaining 6 non-unique sequence types were shared
by 2 individuals each. The most common haplotype observed
in our study was 263(G), 315.1(C) found in 3.9% of the
population sample. The other two most frequent haplo-
types in Slovenians were 263(G), 309.1(C), 315.1(C) and
16126(C), 16189(C), 16294(T), 16296(T), 73(G), 263(G),
309.1(C), 315.1(C) each found in 3.1% of the population
sample. The results were compared with other European
Caucasian populations. The haplotypes 263(G), 315.1(C)
and 263(G), 309.1(C), 315.1(C) are also the most com-
mon sequences in Spanish (Crespillo et al. 2000) where
the first one was found in approximately 5% and the sec-
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Table 2   Haplotypes observed in the Slovenian population that
were found at least in two individuals

Haplotypes n

263(G), 315.1(C) 5

263(G), 309.1(C), 315.1(C) 4

16126(C), 16189(C), 16294(T), 16296(T), 73(G),
263(G), 309.1(C), 315.1(C)

4

16304(C), 263(G), 315.1(C) 3

16298(C), 72(C), 263(G), 309.1(C), 315.1(C) 2

16304(C), 16311(C), 263(G), 315.1(C) 2

16129(A), 16148(T), 16223(T), 16233(G), 16311(C),
16391(A), 73(G), 152(C), 199(C), 204(C), 250(C),
263(G), 315.1(C), 337(G)

2

16224(C), 16311(C), 73(G), 93(G), 146(C), 207(A),
263(G), 315.1(C)

2

16136(C), 16182(C), 16183(C), 16189(C), 16223(T),
16278(T), 16289(G), 73(G), 153(G), 195(C), 263(G),
315.1(C), 338(T)

2

16129(A), 16148(T), 16185(T), 16223(T), 16233(G),
16311(C), 16391(A), 73(G), 199(C), 204(C), 250(C),
263(G), 315.1(C), 337(G)

2
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ond one in 4.2%. The haplotype 263(G), 315.1(C) is also
the main haplotype in Great Britain (4%) (Piercy et al. 1993),
Austrians (3%) (Parson et al. 1998), and Swiss (2.6%)
(Dimo-Simonin et al. 2000) and the haplotype 263(G),
309.1(C), 315.1(C) is the most frequent in Italians (8.4%)
(Tagliabracci et al. 2001) and in Germans (2.7%) (Pfeiffer
et al. 1999). The results indicate that the Slovenian popu-
lation shares the most frequent haplotypes with other Eu-
ropean Caucasian populations. The data support the con-
cept that the haplotypes 263(G), 315.1(C) and 263(G),
309.1(C), 315.1(C) may represent a common European
mtDNA sequence types.

Among the parameters important for statistical evalua-
tion of mtDNA typing in forensic casework, the random
match probability and the genetic diversity were calcu-
lated. The probability of two randomly selected individu-
als from a population having identical mtDNA haplotype
is 0.0116 (1.16%) and the genetic diversity is 0.996. In
other European populations the random match probability
ranges from 0.84% in Swiss (Dimo-Simonin et al. 2000)
to 1.3% in Spanish (Crespillo et al. 2000), 1.9% in Italians
(Tagliabracci et al. 2001), 2.6% in Britain (Piercy et al.
1993), 3.1% in Germans (Pfeiffer et al. 1999), and 4.4%
in French (Cali et al. 2001). The genetic diversity range
from 0.98 in Germans (Pfeiffer et al. 1999) to 0.99 in
Spanish (Crespillo et al. 2000) and Italians (Tagliabracci
et al. 2001), and 1.1 in Britain (Piercy et al. 1993).

The mtDNA HVI and HVII sequence matching proba-
bilities within and between the Slovenian, Austrian and
Italian populations are shown in Table 3. When both HVI
and HVII are considered, the haplotype diversities (dwmin)
are high within all three populations (in the Slovenians
98.84%, in the Austrians 99.55%, and in the Italians
98.13%). The maximum probability (dbmax) of obtaining
two different mtDNA haplotypes when sampling a Sloven-
ian and an Austrian population is 99.74%, when sampling
a Slovenian and an Italian 99.65%, and when sampling an
Austrian and an Italian it is 99.69%. Table 3 shows that it
is more likely to find matches within Slovenia than be-
tween Slovenia and the other two databases. In the maxi-
mum estimate it is about 4.5 times more likely to find a
match between two Slovenians than between a Slovenian

and an Austrian, and 3.3 times more likely than finding a
Slovenia-Italy match. The lower estimates are 1.4 and 1.1,
respectively. It is also more likely to draw an Italy-Italy
match than an Italy-Slovenia and an Italy-Austria match
(factors ranging from 1.9 to 6.0). For the Austria samples
it is approximately equally likely to find an Austria-Aus-
tria sequence match for HVI and HVII than an Austria-
Slovenia or an Austria-Italy sequence match (factors rang-
ing from 0.8 to 1.7). A comparisons between the French,
Sicilian and British mtDNA samples (Cali et al. 2001) and
the northwest German, south German and Austrian mtDNA
samples (Pfeiffer et al. 1999) showed that the sequence
matching probabilities within populations differ by less
than a factor of 2 from the matching probabilities between
populations when only the HVI region is considered.

In conclusion, mtDNA sequences for HVI and HVII
were determined for 129 individuals in order to use the
mtDNA analysis in forensic identification purposes. This
database enable the statistical evaluation of mtDNA typ-
ing results in our laboratory.
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