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Abstract In order to promote mitochondrial DNA
(mtDNA) testing in Sweden we have typed 296 Swedish
males, which will serve as a Swedish mtDNA frequency
database. The tested males were taken from seven geo-
graphically different regions representing the contemporary
Swedish population. The complete mtDNA control region
was typed and the Swedish population was shown to have
high haplotype diversity with a random match probability
of 0.5%. Almost 47% of the tested samples belonged to
haplogroup H and further haplogroup comparison with
worldwide populations clustered the Swedish mtDNA data
together with other European populations. AMOVA analysis
of the seven Swedish subregions displayed no significant
maternal substructure in Sweden (FST=0.002). Our conclu-
sion from this study is that the typed Swedish individuals
serve as good representatives for a Swedish forensic mtDNA
database. Some caution should, however, be taken for
individuals from the northernmost part of Sweden (provinces
of Norrbotten and Lapland) due to specific demographic

conditions. Furthermore, our analysis of a small sample set
of a Swedish Saami population confirmed earlier findings
that the Swedish Saami population is an outlier among
European populations.
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Introduction

Mitochondrial DNA (mtDNA) has proven to be useful in
various forensic applications [1, 2]. It is often used in the
context where only limited amount of nuclear DNA is
present in the sample or in questions of a maternal
relationship. In forensic casework applications, the DNA
typing is followed by a database search to estimate the
rarity of the mtDNA profile. This frequency can then be
used to create a likelihood ratio [3], i.e., the evidence that
the mtDNA haplotype originated from the suspect rather
than from a random individual in the population. For such
situations, a DNA reference database, reflecting the
appropriate population that the individual(s) belong to,
must be used. The reference database should be based on
certain conditions [4, 5], and one crucial criterion to
consider is the possibility of substructure in the population
of interest. This issue is particularly important for uni-
parental haploid DNA markers on the Y-chromosome as
well as on the mtDNA.

The aim of this study was to create a Swedish mtDNA
reference database covering the complete mitochondrial
control region. Individuals from geographically different
Swedish subregions were typed and studied in order to
examine possible hetero/homogeneity within the total
Swedish population.
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Included in this study were also individuals from a
Swedish Saami population, nomads from Jokkmokk. In
previous studies, the Saami population has shown to be a
genetic outlier among European populations and it has been
suggested that the Saami might originate from a limited
subset of Europeans [6]. The Saami population consists of
some 70,000 people in four different countries of whom
maybe 20,000 persons speak one of the three different
Saami languages [7]. Saami history, well described as
“colonial”, demonstrates a wide range of contacts with
other groups resulting in differing grades of assimilation,
loss of language, and cultural traditions [8–10] as well as
DNA heterogeneity [6].

Northern Europe (including Sweden) was covered with
ice from 22,000 to 18,000 B.P. (Before Present). The retreating
ice reached the southern margin of the Scandinavian
peninsular some 4,000 years later where it lingered for a
further 2,000 years [11]. In Norway, however, large parts of
the coast were ice-free throughout the entire late-Glacial
period, at least from 13,000 B.P. and some single presumed
late-Glacial artifacts are recorded indicating a still longer
population history [12]. Inside northern Scandinavia, the ice
melted earlier than hitherto presumed [13, 14], giving way
for settlements near the Arctic Circle as early as at 8,600 B.P.

in a situation of excellent ecological conditions [15, 16].
Into Scandinavia, late Paleolithic Hamburgian, Bromme,
and Ahrensburg culture groups were followed by the
Mesolithic Maglemose, Kongemose, and Ertebølle hunters
and gatherers describing a seemingly linear, unbroken

sequence for approximately 6,000 years beginning almost
12,000 years ago (9,600 B.C.) [11]. These groups originated
from western Europe and is, in recent linguistic and
genetic research, suggested to represent a non-Indo-
European population where the Basques are the nearest
surviving relatives [17]. For almost 12,000 years, immi-
gration and population movements of various scales,
descent, and directions have occurred within the present
borders of Sweden. This, in combination with recorded
demographic events over the last 1,000 years [18, 19],
may have been the reason for the minor regional genetic
differences present in the modern Swedish population,
previously shown by a Y-chromosomal study [20].

Materials and methods

DNA samples and extraction

Blood samples were collected from 296 unrelated men from
seven geographically different Swedish regions (Blekinge/
Kristianstad, Gotland, Skaraborg, Östergötland/Jönköping,
Uppsala, Värmland, and Västerbotten; see Fig. 1). The
sampled areas are representative for contemporary demog-
raphy and are expected to give information about possible
different population histories [20].

In addition, 39 samples from a Swedish Saami popula-
tion (“Jokkmokk nomads”) were analyzed. For simplicity,
the Saami population was not included in the term

Fig. 1 Map showing the
sampled regions. The Jokkmokk
Saami samples were taken from
the region enclosed by the
dashed line. In the text, some
discussions concern two addi-
tional Swedish regions named
Lapland and Norrbotten. Lap-
land comprises the western part
of the region Västerbotten to-
gether with the region northwest
of Västerbotten. Norrbotten is
located northeast of the region
Västerbotten
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“Swedish population” and in all statistical analyses the
Swedish sample set and the Saami samples were treated
separately unless otherwise stated.

DNA was extracted from the blood samples using the
SDS-urea method [21].

Amplification and sequencing

PCR amplification, sequencing, and evaluation of the
data were performed following the strategies outlined in
Brandstätter et al. [22] and Irwin et al. [23]. Briefly,
automated PCR amplification of the full control region
was prepared on the Corbett Robotics CAS-1200 robotic
platform (Concorde, NSW, Australia) using the primers
F15971 (TTA ACT CCA CCA TTA GCA CC) and R599
(TTG AGG AGG TAA GCT ACA TA) for amplification
of the control region. Each PCR reaction contained 1×
AmpliTaq Gold reaction buffer (Applied Biosystems,
Foster City, CA, USA), 200 μM each dNTP, 200 nM each
primer, and 2.5 U AmpliTaq Gold (Applied Biosystems), in a
final volume of 50 μl. Samples were amplified in an Applied
Biosystems GeneAmp 9700 Thermal Cycle with ramp speeds
running in the 9600 mode using the following conditions:
95°C for 10 min followed by 36 cycles of 94°C for 30 s,
56°C for 30 s, and 72°C for 1 min. Post-amplification cleanup
of unincorporated primers and dNTPs was carried out by
adding 1.5 μl ExoSapIt (USB, Cleveland, OH, USA) plus
18.5 μl of dilution buffer to the PCR reaction and incubating
in the thermal cycler at 37°C for 20 min, followed by an
inactivation of the reaction at 90°C for 20 min.

Cycle sequencing was prepared using the Big Dye
Terminator version 1.1 sequencing kit (Applied Biosystems)
on a Tecan Genesis Robotic Workstation (Männedorf,
Switzerland) utilizing the sequencing primers described in
Brandstätter et al. [22] and updated in Irwin et al. [23]. Post-
sequencing cleanup of the cycle sequencing reaction was
purified using the Performa V3 96-well short plate (Edge
Biosystems, Gaithersburg, MD, USA) following the manu-
facturer’s guidelines. Samples were then dried down and
re-suspended in 10 μl of HiDi Formamide (Applied
Biosystems) and analyzed on either an Applied Biosystems
3130 or 3730 Genetic Analyzer. Sequences were aligned
according to the revised Cambridge Reference Sequence [24,
25] using Sequencher software version 4.7 (GeneCodes, Ann
Arbor, MI, USA). Differences from the rCRS were trans-
ferred electronically into an in-house LIMS system and the
data were verified. An additional quality control check was
performed by EMPOP [26] (http://www.empop.org).

Statistical analysis

Haplogroups were assigned based on sequence data from
the entire control region using mtDNAmanager (http://

mtmanager.yonsei.ac.kr). For 12 individuals, the hap-
logroup status could not be determined due to lack of
defining polymorphisms.

Haplogroup frequencies were used in order to compare
the Swedish population with other worldwide populations
[27–35]. Due to differences in haplogroup resolution for the
reference populations, we reassigned (collapsed) the hap-
logroup status both for our data and for the populations to
be compared making them into comparable data sets. These
haplogroup frequencies were then used in a principal
component analysis (PCA) to compare the Swedish and
the Saami populations in a worldwide context. The PCA
was carried out using MATLAB 7.1 (MathWorks, Inc.).

Forensically important values, such as haplotype diver-
sity, number of polymorphic sites, pairwise differences, and
random match probability (RMP), were considered and
computed together with population statistic measurements,
such as Tajima’s D and mismatch distribution. Pairwise
comparisons between the Swedish subregions were per-
formed using ΦST values, which were computed with
pairwise differences as the distance method. C-stretches at
position 16193, 309, and 573 were ignored together with
the AC length heteroplasmy at positions 523 and 524 in the
statistical evaluations unless otherwise stated. Furthermore,
AMOVA was performed to get an overall view of possible
regional substructure in the Swedish sample set. For the
AMOVA, only haplotype frequencies were considered
resulting in FST values. All measurements were generated
using Arlequin v3.1 [36]. Sequence data from the Swedish
population were also compared with corresponding data
from the geographically closely located populations in
Germany [37], Finland [31], and Norway [38]. For these
analyses, ΦST values were computed based on HVI and
HVII data for the Swedish/German/Finnish comparison
while HVI data were used for the Swedish/Norwegian
comparison. P values less than 0.05 were considered to be
significant.

Results and discussion

Sequence data from the complete mitochondrial control
region were obtained for 296 Swedish males and 39 males
belonging to the Swedish Saami population (Supplemen-
tary Table 1). Sequence data from one individual belonging
to the region Värmland was excluded from the statistical
analysis due to its deviating sequence (16 bases insertion
at position 291), which could have had a high impact on
the statistical analysis due to the limited sample size.
Focusing first on the Swedish sample set, a total of 247
distinct haplotypes (224 if the polymorphic C-stretch
regions were ignored) were detected corresponding to a
genetic diversity of 0.998 (0.996) (Table 1). The number

Int J Legal Med (2010) 124:91–98 93

http://www.empop.org
http://mtmanager.yonsei.ac.kr
http://mtmanager.yonsei.ac.kr


of polymorphic sites was estimated to be 189 when C-
stretches were ignored and the random match probability
was calculated to be in the order of 0.5%. Point
heteroplasmy normally occurs for mtDNA sequences at a
modest level. This was also true for our Swedish samples,
which showed heteroplasmy in 8%.

The most common haplotype was “16519C 263G
315.1C”, which occurred in eight individuals (2.7%) and
was evenly distributed among the different subregions. The
most frequent haplogroup in Sweden was H, covering 47%
of the typed individuals, and 97% of the Swedish samples
belonged to various western European haplogroups (H, X,
T, J, U, V, I, W, K). Using PCA, the haplogroups found in
the Swedish population agreed with the haplogroup
distributions in other European populations (Fig. 2).

A mismatch distribution test was performed, which
showed a unimodal distribution of the mtDNA sequences
(Fig. 3a), which normally reflects populations that have

expanded from one initial pool. A measurement of Tajima’s
D was also performed and was computed to be negative
(−2.1), which strengthens the hypothesis of an expanding
population.

The fact that the mtDNA follows the maternal lineages
makes it, together with the paternal inherited Y-chromosome,
especially informative in evolutionary studies offering
knowledge about demography [39]. Comparing mtDNA
sequences from the seven Swedish subregions showed no
or very little signs of differences in diversity (Table 1). The
ΦST values only showed one significant genetic distance,
namely between Östergötland/Jönköping and Västerbotten
(ΦST=0.011, P=0.04) (Table 2). This underlines our previous
observation [20] that Västerbotten is unique not only by the
suggested founder effect but also in the demographic history.
Östergötland/Jönköping, in contrast to Västerbotten, demon-
strates a recorded agrarian settlement beginning in the
Neolithic [40–42]. In terms of estimated population density

Table 1 Diversity measurements for the Swedish subregions

Population statistics Gotland Uppsala Östergötland/
Jönköping

Blekinge/
Kristianstad

Skaraborg Värmland Västerbotten Sweden Saami

Individuals 40 54 40 39 41 42b 40 296b 39

Diversitya 0.996 0.997 0.997 0.991 0.985 0.996 0.989 0.996 0.838

Random match prob. 2.6% 2.1% 2.6% 3.1% 2.8% 2.7% 3.1% 0.5% 17.7%

Polymorphic sitesa 77 90 91 74 71 75 80 189 16

Unique haplotypes 39 51 39 36 38 39 36 247 14

Mean pairwise
differencesa

10.2 8.8 10.1 8.7 8.4 8.3 8.5 9.0 4.7

“Sweden”=all subregions combined except for the Saami population. Random match probability was calculated with sum of squares
a Indices were generated from the entire control region, with C insertions at 16193, 309, 573, and AC region at 523, 524 ignored
b Sequence data from one individual belonging to the region Värmland was excluded from the statistical analysis due to its deviating sequence

Fig. 2 Population comparison
of mtDNA haplogroup frequen-
cies using principal component
analysis (PCA). The two princi-
pal vectors explain 79% of the
total variation. The abbrevia-
tions used are as follows: SPA/
PRT Spain/Portugal [30], GRC
Greece [32], GBR England [30],
RUS Russia [30], GER Germany
[30], SVK Slovakia [33], FIN
Finland [31], ITA Italy [35],
SWE Sweden (present study),
AUS/CHE Austria/Switzerland
[30], IRQ Iraq [27], IRN Iran
[27], SAU Saudi Arabia [27],
CHN China [29], EGY Egypt
[27], DUB Dubai [28], US-HISP
US-Hispanic [34], ETH Ethiopia
[27], SDN Sudan [27], KEN
Kenya [27], SAA Saami (present
study)
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(3.5 inhabitants/km2 for Östergötland in the year 1571 and
11.4 in the year 1751, Jönköping 2.7 and 8.3, respectively),
there is a remarkable contrast to Västerbotten with its
0.1 inhabitant/km2 in 1571 and 0.3 in 1751 [43]. The
samples from Västerbotten derived predominately from
the coastal area. Furthermore, according to our previous
study, Västerbotten was not capable of compensating for
the wartime losses of young men in the sixteenth to
eighteenth centuries thus conditioning a founder effect in
Västerbotten to be associated with German and/or Dutch
immigrants and/or their offspring. In contrast, the
mtDNA here demonstrated suggests that some of these
immigrants were women.

According to an AMOVA test on data from the seven
regions, almost all the variation (>99.3%) was observed
within the tested subregions rather than between them.
The FST values were very low at 0.002 (complete
sequence) and 0.007 (C-stretches ignored). Thus, we find
no maternal substructure within Sweden, and all mtDNA
sequences can be treated as one combined reference
database.

In our previous Y-chromosome study [20], we showed
that the northern Swedish region of Västerbotten was the
region in Sweden with the significantly closest genetic
distance to the Swedish Saami population. However, our
present mtDNA results did not show any such evidence. All
Swedish subregions showed more or less the same large
significant genetic distance to the Saami population (ΦST

values ranging from 0.19 to 0.22, Table 2). Comparing the
Saami population with some other populations, the shortest
genetic distance was shown to the Finnish population
(Table 3).

Since no actual mtDNA differences were observed
between the samples from the Swedish subregions, the
samples were treated as one single population when
distances to geographically neighboring populations were
compared. Short genetic distances were observed for
comparison with a Norwegian population (ΦST=0.004, P<
0.001), a Finnish population (ΦST=0.011, P<0.001), and a
northwestern German population (ΦST=0.001, P>0.05).
These distances were of the same magnitude as the
distances between the Swedish subregions. Thus, for the

Table 2 ΦST values from pairwise comparison of Swedish subregions

Population Blekinge/Kristianstad Östergötland/Jönköping Skaraborg Värmland Västerbotten Uppsala Gotland Saami

Bleking/Kristianstad –

Östergötland/Jönköping −0.001 –

Skaraborg 0.001 −0.003 –

Värmland 0.007 0.002 −0.001 –

Västerbotten −0.005 0.011* 0.003 0.004 –

Uppsala −0.002 −0.001 −0.005 −0.004 0.002 –

Gotland −0.004 −0.003 0.008 0.006 0.006 0.005 –

Saami 0.190** 0.209** 0.223** 0.207** 0.191** 0.194** 0.199** –

Indices were generated from the entire control region with C insertions at 16193, 309, 573, and AC region at 523, 524 ignored

*P=0.04, **P<0.001

Fig. 3 Mismatch distribution for the Swedish mtDNA sequences (a) and the Saami mtDNA sequences (b)
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Swedish population, a larger reference mtDNA population
database (including other European populations) can be
used for frequency estimations [5] in forensic casework.

Some special consideration is, however, needed in the
north of Sweden due to the fact that Västerbotten and the
neighboring provinces of Norrbotten and Lapland all have a
very sparse population, a situation that makes founder
effects and genetic drift possible. Especially the settlement
history of Lapland and Norrbotten makes a striking contrast
to the “normal Swedish” and even that of the neighboring
Västerbotten. The prehistory of Norrbotten, Västerbotten,
and Lapland is more like that of northern Norway, northern
Finland, and adjacent parts of Russia, than like the rest of
Sweden [44]. Furthermore, agriculture on a permanent basis
emerged in Norrbotten as late as the twelfth century (at the
earliest) introduced by settlers deriving from different parts
of Finland and Sweden—all according to historical,
linguistic, paleoecological, and archaeological data [45].
The Norrbotten province is not included in our study, but
there is good reason for considering it as atypical to
“Swedish standards”. Like Västerbotten and Lapland, it
was exposed to genetic drift and founder effects due to its
sparse population (0.1 inhabitant/km2 1571; 0.2 in 1751
[43]). Additionally, the Norrbotten gene pool can be
influenced by a local Saami population living in the coastland.
These people were assimilated or “just disappeared” in the
Middle Ages though traced archaeologically [46].

We also included a minor sample set of individuals
belonging to the Swedish Saami population of Jokkmokk,
the same as in our earlier study [20]. Of the 39 sequenced
control regions, only 14 unique haplotypes were found.
This yielded a very low genetic diversity value and the
most common haplotype among the Saami was “16298C
72C 152C 263G 315.1C” which was seen 13 times (33%)
and, interestingly, was never observed in the Swedish
sample set. Excluding two samples with unknown hap-
logroup status, only two haplogroups were present, HV0
(pre-V) (25 samples, 64%) and U5b1b (12 samples, 31%).
These frequencies are in agreement with previous analyses
of the Saami population shown by Tambets et al. [6].

The Saami sample showed a bimodal mismatch distri-
bution (Fig. 3b). Together with a positive value of Tajima’s

D (0.75), this might indicate a constant population size
originated from two or more population events or an impact
from a more recent immigration. Even though we found
only two haplogroups, Tambets et al. [6] found some
additional low frequency haplogroups, Hg H, Z1 and D5, in
their study of the Swedish Saami population. The findings
of Tambets et al. can be explained by (a) contacts with
settled people at the neighboring coast of Norrbotten, (b)
contacts with another, “Norse” gene pool at the Tysfjord
area at the Atlantic coast in the west, visited on an annual
basis for reindeer grazing over the last centuries [47], and
(c) a “local” gene pool, principally deriving from a
Mesolithic population in Lapland.

The contacts with the local population on the Swedish
side in coastal Norrbotten meant contacts with derivatives
from Finland and Sweden, descendants of the colonization
movements. For example, the Jokkmokk Saamis in historic
time sporadically dwelled in coastal Norrbotten with their
reindeer during winter [47]. Saami contacts with people of
that ancestry was also possible by intermingling with
settlers, in some cases Finnish speakers, inhabiting Lapland
from the late seventeenth century onwards and coming
from areas closer to the coast [48]. The Saami contacts with
Norse people in the Tysfjorden area are a still older story,
which go back to the Viking Age or earlier [10]. Here, the
Jokkmokk Saami annual grazing activities in summer
possibly began in the late Middle Ages [49].

Conclusions

The homogeneity of the Swedish mtDNA lineages makes
the sample set analyzed a good representative reference
population for use in forensic applications. No significant
substructure was detected analyzing seven geographically
different Swedish regions. However, the genetically
different Swedish Saami population is well known to be
an outlier, which was also shown here and is therefore not
included in a Swedish mtDNA reference database.
Samples from the northernmost part of Sweden not
included in our study should however be treated with
some care due to possible, but hitherto unexplored,
substructures. All sequence data will be submitted to the
EMPOP database (www.empop.org) upon acceptance of
this publication.
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Table 3 ΦST values from pairwise comparison between geographi-
cally close located populations

Population Sweden Saami

Saami 0.107*

Norway 0.004* 0.138*

Finland 0.011* 0.093*

Germany 0.001 0.112*

*P<0.001
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