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Abstract
The mitochondrial DNA of 62 Saami from the north of Nor-
way was analyzed in the D loop hypervariable region I and II
and sequences were compared to other gene pools. Two major
(lineage 1 and 2) and two minor (lineage 3 and 4) maternal
lineage clusters were found. Lineage 1 (56.9% of all hitherto
analyzed Saami samples) contains a substantial number of
branching haplotypes which are unknown in European gene
pools. Lineage 2 (31.5%) and lineage 4 (3.6%) have few
branching points and are present at a low rate throughout
European gene pools. Lineage 3 (4.7%) has polymorphisms
characteristic of circumpolar lineages.
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Introduction

Human mitochondrial DNA (mtDNA) se-
quence analysis has become a standard tool
for studying the genetic history of human pop-
ulations, the genetic variation within ethnic
groups, their genetic relations to other popu-
lations and the past occurrence of popula-
tion bottlenecks. Several characteristics of
mtDNA give insight into human population
history: mtDNA is inherited maternally and it
is predominantly uniclonal within cells [1].
Furthermore, due to their hemizygous nature,
lineages are in general not perturbed by re-

combination even though rare events of re-
combination have been reported [2]. mtDNA
polymorphism is mostly studied in the two
rapidly evolving hypervariable regions within
the noncoding displacement (D) loop [3–5].
Different estimates for the substitution rate in
the D loop have been derived from phyloge-
netic analyses [6–11] ranging from 0.025 to
0.26/site/million years and studies of individ-
ual family trees suggest even higher substitu-
tion rates [1].

The Saamis are a northern Scandinavian
population with a genetic history that is dif-
ferent from other European populations [12].
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Fig. 1. Skeleton network constructed from Saami
mtDNA haplotypes using our own data and data from
Lahermo et al. [18], Dupuy and Olaisen et al. [17] and
Richards et al. [21]. The size of the circles is propor-
tional to the frequency of a given haplotype. Black cir-
cles mark lineage 1, gray circles mark lineage 2, hori-
zontally striped circles mark lineage 3 and vertically

striped circles mark lineage 4. The sequence of branch-
ing substitutions could not always be established, in
particular in rare lineages without known intermediate
haplotypes and are marked with a dot. Positions with
possible parallel substitutions, e.g. 16233, are under-
lined. The hypervariable position 16189 is in italics.
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Language studies have revealed that the 9
(other authors 7–8) different Saami languages
(Kildin, Skolt, Ter, Inari, Northern (coast,
inland), Lule, Pite, Southern and Ume) are a
part of the Finno-Ugric language family [13–
15] but it was recently suggested that the Fin-
nish population, which is genetically close to
the European gene pool, has adopted their
language from Saami-speaking people while
giving up a presumed original Indo-European
language [16]. This hypothesis would make
Saami people important players in North Eu-
ropean language development. Genetically,
our and other studies suggest an extensive
admixture between various Saami subpopula-
tions [12, 17, 18] (fig. 1). Previous studies of
Saami mtDNA using hypervariable region I
revealed two major lineages [12, 17, 18]. Our
analysis which includes both mtDNA hyper-
variable regions confirms the predominance
of two deep maternal lineages and the pres-
ence of two further minor lineages. The given
data allow the construction of a phylogenetic
tree that links Saami haplotypes to known
Eurasian lineages.

Materials and Methods

DNA
Blood samples were collected from unrelated do-

nors with a Saami family history in the inland area of
Kautekeino and Karasjok, and in the costal area of
Tana, Porsanger and Nesseby. Leukocytes were iso-
lated by a modification of the procedure described by
Blin and Stafford [19]. DNA from leukocytes was
extracted by incubation overnight at 37°C in an ex-
traction buffer containing 1 mg/ml proteinase K, 1%
DTT, 400 mM NaCl, 2 mM EDTA, 10 mM Tris,
pH 8.2 and 0.5% SDS and DNA was extracted with
phenol-chloroform [20].

PCR
Genomic DNA was amplified by PCR using

200 nM of the primers described by Vigilant et al. [6].
Amplification was performed using 10–50 ng genomic
DNA, 200 ÌM of each dNTPs and 1.25 U DNA poly-

merase (Dynazyme, Heidenreich) in the buffer pro-
vided by the supplier. After an initial denaturation for
4 min at 95°C, 35 amplification cycles followed by an
annealing for 1 min at 55 and 58°C for hypervariable
region I and II, respectively, an extension for 1 min at
72°C, a denaturation for 1 min at 95°C and a final
extension at 72°C for 10 min.

Sequencing
5 Ìl from each PCR product were incubated for

30 min at 37°C with 10 U exonuclease I and 1 U
shrimp alkaline phosphatase (USB). Enzymes were
inactivated for 5 min at 80°C. 1.5 Ìl of the so treated
PCR fragments were sequenced manually using an
AmpliCycle sequencing kit (Applied Biosystems). Se-
quences were analyzed from position 16024 to 16374
in hypervariable region I and from position 64 to 378
in hypervariable region II. Where possible, further
flanking sequences were included.

Results and Discussion

In the present study we have sequenced the
major region encompassing hypervariable re-
gion I and II from 62 unrelated Saami people
from northern Norway and related it to
known human mtDNA sequence polymor-
phisms in other Saami populations in circum-
polar regions of Europe and Asia.

Lineage 1 is characterized by the transi-
tions A-G 263, A-G 073, C-T 150, C-T 16270,
hypervariable T-C 16189 and T-C 16144 [3],
and a single or two substitutions at the com-
mon T-C 16144 branching point (fig. 1, 2)
indicating a recent diversification of a com-
mon ancestral line. Both, C-T 16270 and T-C
16189 transitions (even though not in combi-
nation) are known in European populations.
The A-G 073 transition is believed to be an
early branching event being present in about
50% of British haplotypes and absent in the
remaining haplotypes with a minimum age
for the branching event of betweeen 15,000
and 25,000 years before present [21]. The ini-
tial C-T 16270 transition in lineage 1 is found
for example in 8% of the white English Cauca-
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Fig. 2. Distribution of Norwegian Saami mtDNA sequences. Nucleotides according the
Anderson et al. [3].

sians [22] and in 6.5% of Sardinians [23].
However, the subsequent T-C 16144 transi-
tion in lineage 1 and its further branches are
unique to Saami and have hitherto not been
found in other populations [9, 21, 23, 24–27].
It remains to be seen whether it can be found
in Uralic-speaking people, for example Sa-
moyeds [25].

Different estimates have been given for the
substitution rate in the D loop depending on
the inclusion of variable nucleotide positions
that may have experienced multiple muta-
tions and the size of the population in the cal-
culations [1, 2, 6–11]. If a substitution rate
between 1/5,000 and 1/10,500 years in the
hypervariable region I is assumed, an ancestry
of the root of lineage 1 of more then 5,000–
10,500 years may be suggested. However, dat-

ing of branching events in mtDNA is contro-
versial and since the mutation rate of mtDNA
is not completely understood it is not possible
to draw firm conclusions about the genetic
history of lineage 1.

Lineage 2 is characterized by the T-C
16298 and 072 T-C transitions and the one
side branch (G-A 16153; A-G 093, A-G 16182
[3]; fig. 1, 2, table 1) combined with the lack
of the A-G 073 transition. Lineage 2 is found
in 35.5% of the analyzed Norwegian Saami
Sequences. The T-C 16298 transition is also
seen in 12% Finns and 6% Karelians, and
rather homogeneously in 2–11% of other Eu-
ropean populations, in a few cases with
branching haplotypes [12, 18, 21–24]. How-
ever, lineage 2 has not been found in Far East
Asia and in eastern circumpolar areas [9, 11,
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Table 1. Distribution of haplotype lineages in Saami populations

Kauteka, b

n %

Karasjoka, b

n %

Coast Northernb

n %

Finlandc

n %

Totala, b, c

n %

57 76 80 51.3 9 39.1 11 50d 157 56.9
Lineage 2 17 22.6 62 39.7 6 26.1 2 9.1 87 31.5
Lineage 3 – – 5 3.2 2 8.7 6 27.3 13 4.7
Lineage 4 – – 6 3.9 4 17.4 – – 10 3.6
Others 1 1.4 3 1.9 2 8.7 3 13.6 9 3.3
Total 75 156 23 22 276

a Dupuy and Olaisen [17].
b This report.
c Lahermo et al. [18].
d 38.4% lineage 1 if Sajantila et al. [12] is included.

27]. The occurrence of the T-C 16298 muta-
tion in other populations has been interpreted
as a possible parallel substitution [12]. How-
ever, the presence of the two coupled transi-
tions, T-C 16298 and 072 T-C, in Saami and
in other European mtDNAs makes a parallel
evolution in Europe highly unlikely.

The predominance of two rather divergent
major mtDNA lineages in the Saami gene
pool would be most easily explained by two
independent migration waves of small found-
ing populations into Northern Scandinavia,
one being the founders of the more diverse
lineage 1 and the other the founders of the less
diverse lineage 2. The different roots for both
lineages are supported by the suggested ances-
try of the A-G 073 substitution that separates
lineage 2 from lineage 1, and the widespread
distribution of lineage 2 in Europe contrasting
with an almost complete absence of lineage 1
in Europe (with the exception of Finland) [18,
21]. Alternatively, a simultaneous admixture
of small, isolated and stationary populations
may account for the observed haplotype di-
chotomy.

Due to the low degree of genetic diversifica-
tion of lineage 2 and its uneven geographic dis-
tribution (showing a frequency of 9.1% in the
lake Inarii area in Finland [12] but a frequency
of 60% in Norbotten, Sweden) it is tempting to
speculate that lineage 2 contributed to the
Saami gene pool more recently than lineage 1.
This would be in accordance with Richards et
al. [21], who classified lineage 2 as a European
lineage with more recent roots than lineage 1.
The northwards spread of tool types in the
neolithic and early Bronze Age has been docu-
mented both along the Norwegian coast into
Finnmark (Norway) and along the Swedish
coast into Norbotten (Sweden) and may coin-
cide with the introduction of mtDNA haplo-
types into the Saami gene pool. From 600 AD,
a more massive northwards expansion of the
Indo-European-speaking ‘Norrøn’ population
is documented, however lineage 2 is found at
only a low frequency in random Norwegian
mtDNA (3%) [17] and is not present in the
hitherto analyzed Icelandic mtDNA [12, 21]
making those migrants a possible but unlikely
source for the introduction of lineage 1 into the
Saami gene pool.
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Two more lineages have been found that
occur at low frequency. Lineage 3 (4.7%) in-
cludes a 16223 C-T and 16362 T-C transition
(fig. 1, 2) that is frequent in eastern circumpo-
lar areas (found in 36 of 37 circumpolar
lineages [9]), but absent in Europe. The origin
of this lineage is thus likely to be, directly or
indirectly, in the east. The low frequency of
this lineage in the analyzed Norwegian Saami
samples (Kautekeino 0%, Karasjok 3.2%,
coast 17.4%) is interesting, as the Saami cul-
ture is seen, by archaeological evidence, as a
part of a larger circumpolar culture [26]. It is
thus striking that these circumpolar contacts
did not leave more genetic traces in the Nor-
wegian Saami mtDNA. One explanation
would be an introduction of lineage 3 into the
Saami gene pool by for example trade
contacts between circumpolar populations.
Another explanation would be an early pres-
ence of lineage 3 in Northern Scandinavia
after an initial expansion of circumpolar pop-
ulations that is documented in the final stages
of the last glaciation, followed by a reduction
in predominance by subsequent Uralic and
European immigrants. A third scenario would

be a simultaneous admixture of various im-
migrants at the end of the last glaciation. Only
the analysis of ancient DNA will be able to
settle the timing of the introduction of differ-
ent lineages into the current Saami mtDNA
gene pool.

Lineage 4 is well within the European gene
pool [21] and is found at a frequency of 3.6%
in Saami samples (fig. 1, 2).

In summary, we have analyzed the genetic
composition of Saami mtDNA in northern
Norway and correlated our findings with oth-
er European and circumpolar gene pools in an
attempt to reconstruct aspects of the genetic
history of Saami. Our findings are in accor-
dance with the recent reports on Saami
mtDNA and with the known archaeological
records of the region [12, 17, 18, 21, 26]. More
studies to trace genetically related popula-
tions to lineage 1 are currently under way.
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