
 10.1101/gr.5.1.42Access the most recent version at doi:
 1995 5: 42-52Genome Res.

 
A Sajantila, P Lahermo, T Anttinen, et al.
 
lineages.
Genes and languages in Europe: an analysis of mitochondrial
 
 

References

 http://genome.cshlp.org/content/5/1/42.abstract.html#related-urls
Article cited in: 
 

 http://genome.cshlp.org/content/5/1/42.refs.html
This article cites 23 articles, 15 of which can be accessed free at:

service
Email alerting

 click heretop right corner of the article or
Receive free email alerts when new articles cite this article - sign up in the box at the

 http://genome.cshlp.org/subscriptions/
 go to:Genome ResearchTo subscribe to 

Copyright © Cold Spring Harbor Laboratory Press

 Cold Spring Harbor Laboratory Press on November 11, 2008 - Published by genome.cshlp.orgDownloaded from 

http://genome.cshlp.org/lookup/doi/10.1101/gr.5.1.42
http://genome.cshlp.org/content/5/1/42.refs.html
http://genome.cshlp.org/content/5/1/42.abstract.html#related-urls
http://genome.cshlp.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=genome;5/1/42&return_type=article&return_url=http://genome.cshlp.org/content/5/1/42.full.pdf
http://genome.cshlp.org/subscriptions/
http://genome.cshlp.org/
http://www.cshlpress.com


RESEARCH 

Genes and Languages in Europe: An Analysis 
of Mitochondrial Lineages 
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Transfusion Service, Helsinki, Finland; 6Deparment of Medical Genetics, University of Ume~, Ume~, 
Sweden; ZDepartment of Medical Genetics, University of Tromso, Tromso, Norway; 8Institute of Forensic 
Medicine, University of Oslo, Oslo, Norway; 9Department of Molecular and Cell Biology, University of 

California, Berkeley, California 94720; 1°Northwestern University, Evanston, Illinois 60208-1310 

When mitochondrial DNA sequence variation is analyzed from a sample of 637 individuals in 14 European 
populations, most populations show little differentiation with respect to each other. However, the Saami 
distinguish themselves by a comparatively large amount of sequence difference when compared with the 
other populations, by a different distribution of sequence diversity within the population, and by the 
occurrence of particular sequence motifs. Thus, the Saami seem to have a long history distinct from other 
European populations. Linguistic affiliations are not reflected in the patterns of relationships of mitochondrial 
lineages in European populations, whereas prior studies of nuclear gene frequencies have shown a correlation 
between genetic and linguistic evolution. It is argued that this apparent contradiction is attributable to the 
fact that genetic lineages and gene frequencies reflect different time perspectives on population history, the 
latter being more in concordance with linguistic evolution. 

European populations show a relatively uniform 
pattern of nuclear gene frequencies when blood 
groups and enzyme polymorphisms are analyzed. 
However, for example, the Basques in the north- 
ern part of the Iberian Peninsula, the Sardinians 
in the Mediterranean, the Icelanders in the At- 
lant ic  Ocean,  the  Finns in eas tern  Fenno- 
Scandinavia, and the Saamis in northern Fenno- 
Scandinavia have been shown to be outliers 
(Guglielmino et al. 1990; Cavalli-Sforza et al. 
1994). The fact that the Basques, the Finns, and 
the Saami speak non-Indo-European languages 
(Ruhlen 1987) supports the notion that  genes 
and languages coevolve, which has been shown 
to be the case when human  history is recon- 
structed on a worldwide scale from nuclear gene 
frequencies (Cavalli-Sforza et al. 1988, 1992). 

11Corresponding author. Present address: Zoological Insti- 
tute, Ludwig Maximilians University, D-80021 Munich, Ger- 
many. 
E-MAIL sa|anti@zi.biologie.uni-muenchen.de; FAX 49-89-  
5902474. 

The mitochondrial DNA (mtDNA) has sev- 
eral properties useful for the reconstruction of 
human population history. In particular, because 
it is almost exclusively maternal ly  inheri ted 
(Giles et al. 1980), each individual carries only 
one type of mtDNA. Consequently, the analysis 
of molecular lineages is not perturbed by recom- 
bination. Furthermore, the high rate of evolution 
of the mitochondrial DNA (Brown et al. 1979; 
Ward et al. 1991) permits the accumulation of 
substantial numbers of substitutions over time 
periods relevant for human population history. 
To date, studies concerning mitochondrial diver- 
sity in European populations have generally been 
limited to Indo-European-speaking populations. 
We have determined a 360-bp-long, hypervari- 
able part of the mitochondrial  control region 
from five Finno-Ugric speaking groups: the 
Saami, the Finns, the Karelians, the Estonians, 
and the Volga-Finnic and compared those with 
four Indo-European speaking groups: the ice- 
landers, the Sardinians (DiRienzo and Wilson 
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1991), the British (Piercy et al. 1993), and the 
Swiss (Pult et al. 1994), as well as the Basques 
(Bertranpetit et al. 1995), who form a linguistic 
isolate (Table 1). 

RESULTS 

Pairwise Comparisons of mtDNA Sequences in 
Europe 

Table 2 shows the mean pairwise sequence differ- 

EUROPEAN mtDNA DIVERSITY 

ences within as well as among the populations 
studied. The pairwise differences within popula- 
tions vary between 3.24 and 5.03; those among 
pairs of populations vary between 3.49 and 5.29. 
Thus, the overall amount  of sequence difference 
within populations is not  different from that be- 
tween populations. This is in contrast to what is 
observed, for example, in African populations, 
where differences within three populations vary 
between 3.68 and 8.74 and those between popu- 
lations range from 9.07 to 9.95 (Vigilant et al. 

Table 1. Presence of "Saami-specific motif" and substitution at position 1298 in various populations 

Mot i f  16298 
Language 
family (no.) (%) (no.) (%) 

Ethnic 
group 

No. of 
individuals 

Finno-Ugric 
Saamic Saami 115 

Finland 
Inari Lake 22 
Skolt 47 

Sweden 
Norrbotten 25 

Norway 
Karasjok 21 

Finnic 161 
Finnish Finns 50 
Karelian Karelians 83 
Estonian Estonians 28 

Maris, Moksha 
Volga-Finnic 34 

Indo-European 
Germanic 113 

German Swiss a 74 
Icelandic Icelanders 39 

Italic 169 
English British b 100 
Sardinian Sardinians c 69 

Basque 
Basque Basque d 45 

Afroasiatic, Nilo-Saharan, Niger-Kordofanian, and Khoisan 
12 populations e 362 

Na-Dene 
2 populations f 62 

Eskimo-Aleut 
4 populations f 53 

Amerind 
2 populations f 103 

Chukchi-Kamchatkan 
Chukchi f 48 

Asian 
Japananese g 47 

43 37.4 53 46.1 

7 31.8 2 9.1 
1 7 36.2 28 59.6 

8 32.0 15 60.0 

11 52.0 8 38.1 
6 3.7 11 6.8 
1 2.0 6 12.0 
5 6.0 5 6.0 
0 0.0 0 0.0 

0 0.0 0 0.0 

0 0.0 4 1.5 
0 0.0 4 5.4 
0 0.0 0 0.0 
0 0.0 4 2.6 
0 0.0 3 3.0 
0 0.0 1 1.4 

0 0.0 5 11.1 

0 0.0 1 <0.1 

0 0.0 4 6.4 

0 0.0 0 0.0 

0 0.0 15 14.6 

0 0.0 5 10.4 

0 0.0 6 12.8 

aPult et al. (1994); bpiercy et al. (1993); CDi Rienzo and Wilson (1991); dBertranpetit et al. (1995); eVigilant et al. (1991) and E. 
Watson et al. (unpubl); fWard et al. (1991, 1993; and unpubl.); gHorai et al. (1990). 
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Table 2. Mean pairwise differences within (diagonal) and between (above diagonal) populations, and 
genetic distances xlO0 (below diagonal) between populations 

saa fin kar est vol swi bri sar ice bas 

saa 3.99 4.48 4.42 4.72 4.89 4.44 4.89 4.76 5.29 4.20 
fin 54 3.90 3.96 4.14 4.21 3.80 4.1 7 4.10 4.56 3.62 
kar 44 3 3.96 4.1 3 4.19 3.84 4.22 4.14 4.59 3.65 
est 54 1 3 4.36 4.33 4.02 4.39 4.28 4.72 3.85 
vol 72 8 3 3 4.36 4.03 4.38 4.33 4.71 3.88 
swi 63 3.5 4.5 2.5 3.5 3.63 4.02 3.96 4.42 3.49 
bri 71 3.5 5.5 2.5 1.5 2 4.37 4.31 4.70 3.85 
sar 66 4 5 1 4 3.5 1.5 4.22 4.68 3.78 
ice 78 9.5 9.5 2.5 1.5 9 0 5.5 5.03 4.23 
bas 58 5 5 5 8 5.5 4.5 5 9.5 3.24 

Population abbreviations are as follows: (saa) Saami; (fin) Finns; (kar) Karelians; (est) Estonians; (vol) Volga-Finnic; (swi) Swiss; (bri) 
British; (sar) Sardinians; (ice) Icelanders; (bas) Basques. 

1991; Pult et al. 1994). However, the Saami tend 
to stand out in the amount  of sequence variation 
that they display when compared with other Eu- 
ropean populations. When the distances between 
p o p u l a t i o n s  are co r rec t ed  for the  w i t h i n -  
population differences (Table 2), this becomes 
particularly apparent: The distances between the 
Saami and other groups vary between 44 and 78, 
whereas distances between the others range from 
0 to 9.5. When a permutation-based test for de- 
tecting genetic differentiation between popula- 
t ions (Hudson et al. 1992) is performed, the 
Saami are found to be different from the other 
European populations in eight of the nine com- 
parisons (P of/(st ~ 0.01), the only execption be- 
ing the Basques (P of Kst = 0.059),  The mitochon- 
drial gene pool of the Saami is therefore distinct 
from that of other European populations. 

Distributions of Pairwise Sequence Differences 
Within Populations 

The distributions of pairwise sequence differ- 
ences within populations are shown in Figure 1. 
With the exception of the Saami, all populations 
have distributions that  tend to have a single 
mode at three to five substitutions. In contrast, 
in spite of the relatively large number  of se- 
quences determined, the Saami exhibit no de- 
fined mode. 

Distributions of pairwise differences reflect 
the demographic history of populations in ways 
that are still not  fully understood. However, one 
scenario that can give rise to a unimodal  distri- 
bution of pairwise sequence differences is an ex- 

pansion of population size, whereas populations 
that  have been of constant size over a long period 
of t ime can exhibit  mul t imodal  distributions 
(Slatkin and Hudson 1991; Marjoram and Don- 
nelly 1994). Although other demographic scenar- 
ios might  also give rise to unimodal  and multi- 
modal  distributions (Marjoram and Donnel ly 
1994), the distributions of pairwise sequence dif- 
ferences indicate that  the demographic history of 
the Saami may be different from that  of the other 
European populations. 

A further difference between the Saami and 
other European populations is that  18% of the 
pairwise comparisons among Saami are identical, 
whereas the highest fraction of identical compar- 
isons among the other European populations is 
5.6% (Fig. 1). The observation that the relative 
amount  of identical lineages is greater in Saami 
supports the idea that the Saami may have not 
experienced an expansion in size, whereas other 
European populations have done so. 

Sequence Motifs Common in Saami 

Of 115 Saami mitochondrial  sequences, 43 (37%) 
share a combination of three substitutions at po- 
sitions 16144, 16189, and 16270 (cf. Andersson 
et al. 1981). This sequence motif was found in 
Saami living in Finland and Sweden as well as in 
Norway at frequencies ranging from 32% to 52%. 
When other populations from around the World 
(Table 1) were investigated for the presence of 
this lineage, it was found in I of 50 Finns and 5 of 
83 Karelians but in 0 of 62 other Finno-Ugric 
speakers. It is also absent among  282 Indo- 
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• , s ~ i  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

no of subst i tu t ions 

• Finns 

2 0 -  

10" 

10 '  

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

no of subst i tu t ions 

• Bdtish 

0 1 2 3 4 5 -6 7 8 9 10 11 12 13 14 15 16 17 18 

no of  subst i tu t ions 

O, 
0 1 2 3 4 5 6 7 8 9 I0 II 12 13 14 15 16 17 18 

no of subst i tu t ions 

• Eetoniame 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

[ ]  Sardinians 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

no of  subst i tu t ions no of substitutions 

Figure 1 (Fig. 1 and legend continued on following page.) 
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European speakers, 45 Basques, 101 indigenous 
Siberians, 47 Japanese, 165 Native Americans, 
and 362 Africans. Thus, the presence of this se- 
quence motif at high frequencies seems to be re- 
stricted to Saami. 

Of those Saami who do not carry sequences 
characterized by the three substitutions, 74% 
share a single substitution at position 16298 
(C ~ T transition). This substitution is found in 
Saami populations with frequencies varying from 

9% to 60% (Table 1). However, it exists in other 
populations as well, although generally at a lower 
frequency (0%-12.8%), a fact that can be attrib- 
utable to parallel substitutions. It is noteworthy, 
though, that it exists also in Finns and Karelians 
at 12% and 6%, respectively. 

In total, 83.5% of the Saami carry either the 
sequence motif or the substitution at position 
16298, an indication that the Saami share a com- 
mon history distinct from that of other groups 

• Karelians 

20- 

• Icelanders 

0 1 2 3 4 5 6 7 8 9 10 l l  12 13 14 15 16 17 18 

no of substitutions 

1 0 "  

O. 
0 1 2 3 4 5 :6 7 8 9 10 11 12 13 14 15 16 17 18 

no of substitutions 

[ ]  Volgs-Rnnic 

20'-I I 20. 

10' 

• Basques 

0 I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

no of substitutions no of substitutions 

Figure I Distribution of pairwise sequence differences within 10 European populations. The comparisons were 
performed for 115 Saami, 50 Finns, 83 Karelians, 28 Estonians, 34 Volga-Finnic speakers, 100 British, 74 Swiss, 
39 Icelanders, 69 Sardinians, and 45 Basques. The abscissa gives the number of substitutions in a pair, and the 
ordinate gives the relative frequency (%) of pairs. Sequences are from DiRienzo and Wilson (1991; Sardinians), 
Piercy et al. (1993; British), Pult et al. (1994; Swiss), and Bertranpetit et al. (1995; Basques). Previously unpub- 
lished Saami, Finnish, Karelian, Estonian, Volga-Finnic, and Icelandic sequences have been submitted to the EMBL 
data library under accession numbers X90001-X90115, X90116-X90165, X90166-X90248, X90249-X90276, 
X90277-X9031 O, and X90311-X90349, respectively. 
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included in this study. The presence of the motif 
as well as the substitution at position 16298 at 
low frequency in the Finns and the Karelians are 
most likely the result of admixture between these 
populations and the Saami. 

mtDNA Sequence Comparisons Among Saami 
Groups 

When mitochondrial  DNA sequences were com- 
pared within the Saami groups, the distributions 
of pairwise differences in all groups were similar 
in that they did not show a distinctive mode and 
a had high proport ion of identical sequences 
(data not  shown). However, Saami from Inari 
Lake (Finland) showed a mean of 6.52 substitu- 
tions within the population, whereas the mean 
numbers of substitutions within Skolt Saami (Fin- 
land), and Saami from Norrbotten (Sweden) and 
from Karasjok (Norway) were 3.12, 3.25, and 
2.76, respectively (Table 3). In comparisons be- 
tween the groups, Inari Lake Saami stand out 
with mean distances of 5.13-5.71, whereas com- 
parisons between other Saami groups vary be- 
tween 3.08 and 3.19. Thus, individual Saami 
groups can differ substantially from other groups 
with respect to mitochondrial  sequence diversity. 
When tested for genetic differentiation (Hudson 
et al. 1992), the Inari Lake Saami were found to 
differ from the Skolt Saami and the Saami from 
Norrbotten (P of/(st ~ 0.01), whereas the other 
Saami groups did not reveal any significant dif- 
ferences. The differentiation that  exists among 
Saami groups represents a further distinction be- 
tween those and other European populations, 
which show little if any differentiation among 
them and very similar amounts  of intrapopula- 
tion differences. 

Table 3. Mean pairwise differences within (diagonal) and 
between (above diagonal), plus genetic distances xlO0 between 
different Saami populations 

Inari Skolt Norrbotten Karasjok 

Inari 6.52 5.63 5.71 
Skolt 81 3.12 3.13 
Norrbotten 82 5.5 3.25 
Karasjok 49 14 18 

Patterns of Sharing of Mitochondrial Lineages 

Population abbreviations are as follows: (Inari) Saami from Inari Lake region, 
Finland; (Skolt) Skolt Saami from eastern Finland; (Norrbotten) Saami from Norr- 
botten, Sweden; (Karasjok) Saami from Karasjok, Norway. 

To investigate the pattern of sharing of mito- 
chondrial sequences between European popula- 
tions, the frequency of sequences shared between 
groups was plotted for the groups in which the 
sequences occur. Some representative examples 
are shown in Figure 2. It can be seen that the 
sequences shared between the Saami and other 
populations tend to be substantially more fre- 
quent in one of the groups than in the other. This 
is the case in comparisons both with groups that 
are similar to the Saami in that they speak Finno- 
Ugric languages and in comparison with other 
groups. In contrast, in comparisons among Euro- 
pean populations that do not involve Saami, the 
number  of shared sequences is greater and the 
relative proportion of each lineage in the respec- 
tive population is more equal than for lineages 
shared with the Saami. Whereas the latter pattern 
is consistent with the fact that the populations 
are derived from a common gene pool, the pat- 
tern observed in comparison between Saami and 
the other European populations may reflect shar- 
ing of lineages resulting from a limited amount  
of gene flow between populations and/or conver- 
gent evolution of the DNA sequences. Thus, the 
pattern of lineage sharing between Saami and 
other European populations is more consistent 
with gene flow, whereas that among other pop- 
ulations is more consistent with shared ancestry 
or extensive gene flow. 

DISCUSSION 

The Genetic History of Saami 

The Saami mitochondrial  gene pool differs sub- 
stantially from that  of other populations studied. 

In contrast, other European popu- 
la t ions ,  i n c l u d i n g  F inno-Ugr ic  
speaking groups other  than  the 
Saami, Indo-European  speaking 
groups, and the Basques, show no 
major characteristics that  are not  
also found in the other  popula- 

5.13 tions. The data thus argue that the 
3.08 Saami have a history distinct from 
3.19 that  of other groups in Europe. 
2.76 The Saami speak several mutu- 

ally nonintelligible languages and 
have different current subsistence 
patterns (Sinor 1988). They are thus 
linguistically and culturally diverse, 
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and it may be asked to what extent the mito- 
chondrial  gene pool is homogeneous  among 
Saami. As shown above, two mitochondrial lin- 
eages, common among Saami but rare or absent 
elsewhere in Europe, exist in all Saami groups 
studied. Furthermore, the mean pairwise differ- 
ence among mitochondrial  sequences in the 
Saami groups (with the exception of the Inari 
Lake Saami) varies be tween  3.08 and 3.19, 
whereas that between other European groups var- 
ies between 3.49 and 4.72. Thus, the Saami not 
only have a history distinct from that of other 
Europeans but share this history among them- 
selves. 

A possible exception is the Inari Lake Saami, 
for whom the mean pairwise difference both 
within the populat ion and with other Saami 
groups is exceptionally high (Table 3). Although 
the sequences from the Inari Lake Saami have the 
motif characterized by three substitutions at a 
frequency comparable with the other Saami, the 
substitution at position 16298 occurs at a fre- 
quency of 9%, whereas it occurs at 38% or more 
in the other groups. This may be attributable ei- 
ther to genetic drift or to admixture of the Inari 
Lake Saami with other populations. 

The unique position of the Saami in the ge- 
netic landscape of Europe could mean that  they 
are an old populations in Europe, which diverged 
from other European populations prior to subse- 
quent linguistic and cultural diversification. Al- 
ternatively, they may have come to Europe from 
another, currently unknown region. The latter 
possibility does not, however, get support from 
the survey of human populations that  has so far 
failed to identify the mitochondrial lineages typ- 
ical of Saami at any appreciable frequencies in 
other populations (Table 1). However, further 
sampling, particularly of Asian populations, is 
necessary to clarify this. 

Gene Frequencies, Genetic Lineages, Languages, 
and Population History 

European populations speak languages that  be- 
long to three linguistic phyla. However, no dis- 
tinction according to language can be observed 
in the mitochondrial gene pool of Europe (Table 
2). Rather, although the Saami languages are re- 
lated most closely to Finnish and Estonian (Ru- 
hlen 1987; Sinor 1988), the mitochondrial lin- 
eages in the latter are related most closely to 
those in populations that  speak languages be- 
longing to other linguistic phyla than to those in 

EUROPEAN mtDNA DIVERSITY 

Saami. At first glance, this seems to contradict the 
coevolution of genes and languages demon- 
strated for nuclear markers (Cavalli-Sforza et al. 
1988, 1992). However, findings from gene fre- 
quencies and genetic lineages are not necessarily 
contradictory. Rather, they may reflect two dif- 
ferent perspectives on population history. 

Gene frequencies can be changed dramati- 
cally by reductions in population size. In con- 
trast, genetic lineages that survive through such 
changes will still reflect the temporally deeper 
relationships of populations (Fig. 3). An illustra- 
tive example of this may be the Finns. Studies of 
nuclear genes in the Finnish population suggest 
that  Finns have gone through a substantial bot- 
tleneck in size (Nevanlinna 1972). This is indi- 
cated by >30 recessive autosomal diseases that 
have high carrier frequencies in Finns but are al- 

Finns Other Europeans Saami 

b b b b d e e e  b b d d e  h h h  s s s e  

I 
i 

I 

i I 
1 
i 

~ 2 . j  ~ 

Figure 3 Schematic illustration of one difference 
between analyses of gene frequencies and molecu- 
lar lineages. A population (e.g., Finns) that shares its 
recent ancestry with another one (e.g., most other 
Europeans) has experienced a bottleneck in popu- 
lation size. This is detectable as differences in gene 
frequencies when compared with the other popu- 
lations. However, both populations share many ge- 
netic lineages. In contrast, a population that has 
been separated from the others long ago (e.g., 
Saami) displays different genetic lineages. 
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most absent in other populations (de la Chapelle 
1993) including, as far as is known, the Saami 
(Tollersrud et al. 1994). Conversely, some com- 
mon recessive diseases that have high carrier fre- 
quencies in other European populations, such as 
cystic fibrosis and phenylketonuria, are virtually 
absent in Finns. Furthermore, in phylogenetic 
trees based on protein and blood group analyses, 
Finns appear as outliers (Cavalli-Sforza et al. 
1994). In stark contrast, when mitochondrial lin- 
eages are analyzed, the number of shared lineages 
between the Finns and Indo-European speakers is 
high and the distance between the groups no 
greater than between other European popula- 
tions, although the frequencies of particular lin- 
eages may vary in the populations. Thus, the 
analysis of mitochondrial lineages may reflect 
the affiliation of the Finnish population to other 
European populations prior to the founder effects 
that caused gene frequencies to change. 

Studies of gene frequencies have shown that 
in addition to the Saami and the Finns, Iceland- 
ers, Sardinians, and Basques are among genetic 
outliers in Europe (Cavalli-Sforza et al. 1994). 
However, in contrast to Saami, but analogous to 
the Finns, mitochondrial lineage analyses show 
these populations to belong to a gene pool com- 
mon to most European groups. The discrepancy 
between these results may be explained if these 
populations have undergone bottlenecks in pop- 
ulation size in prehistoric times. For the Iceland- 
ers, such a scenario is easily reconcilable with the 
known colonization of Iceland from Scandinavia 
and the British Isles during the Iron Age. Simi- 
larly, Sardinia has probably been colonized ear- 
lier from mainland European populations. Pre- 
sumably, in both instances, the colonization and 
subsequent relative isolation resulted in a reduc- 
tion in effective population size that is detected 
in divergent gene frequencies, whereas the origi- 
nal affiliations of these populations are reflected 
in the close relationship of their mitochondrial 
lineages to those of most other European popu- 
lations. In the case of the Basques, the reduction 
in population size may be the result of their cul- 
tural and linguistic isolation. Yet, mitochondrial 
lineages shared with other populations (Bertran- 
petit et al. 1995) indicate that they may be of the 
same origin as other populations in Europe. If 
this is true, future studies of genetic lineages in 
the nuclear genome will reveal a pattern similar 
to that for mitochondrial lineages not only in 
Finns, Icelanders, and Sardinians but also in 
Basques. 
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A tempting hypothesis is that populations that 
go through bottlenecks in size will tend to accel- 
erated their rate of language evolution as a result 
of drift-like linguistic process. The result would 
be a congruence between trees based on lan- 
guages and gene frequency. In contrast, analyses 
of genetic lineages would tend to disagree with 
language trees. Such a disagreement has been ob- 
served not only in Europe but also in the New 
World (Ward et al. 1993). Patterns of relation- 
ships of genetic lineages would instead reflect 
temporarily deeper affinities of populations rela- 
tively unperturbed by founder effects and other 
changes in effective population size. Thus, the 
analysis of gene frequencies may be the instru- 
ment of choice to study population history at a 
time depth that is in agreement with that of lin- 
guistic history, which probably is on the order of 
a few thousand years. In contrast, analyses of ge- 
netic lineages may be used to study the older his- 
tory of populations. The time depth that a par- 
ticular genetic lineage reflects will be  determined 
by its evolutionary rate. For the mitochondrial 
region studied here, estimates of the evolutionary 
rate vary between approximately one substitu- 
tion in 13,000 years (Ward et al. 1991; Horai et al. 
1995) to one substitution in 5000 years (Lund- 
strOm et al. 1992). Thus, the temporal perspective 
in which the distinct history of the Saami, and 
the shared history of other populations in Eu- 
rope, has to be seen is on the order of tens of 
thousands of years. 

METHODS 

DNA Samples, Amplification, and Sequencing 

DNA was extracted according to standard methods from 
blood samples of 115 Saami, 50 Finns, 83 Karelians, 28 
Estonians, 34 Volga-Finnic, and 39 Icelanders. As far as 
possible, it was assured that individuals donating blood 
were unrelated. PCR was performed in a programmable 
heating block (PE 4800, Perkin-Elmer) using 20 nmoles of 
each dNTP, 50 pmoles of each primer (L15926: 5'-TCA 
AAC TTA CAC CAG TCT TGT AAA CC-3' and H 16498: 
5'-CCT GAA GTA GGA ACC AGA TG-3') and 2 units of Taq 
DNA polymerase (Perkin-Elmer) in 50 ~l of 50 mM Tris-HC1 
(pH 8.8), 15 mM (NH4)2SO4, 1.5 mM MgCl2, 0.1% Triton 
X-IO0, and 0.01% gelatin. An aliquot from the amplicon 
was subsequently sequenced according to the Sequenase 
2.0 (U.S. Biochemical Corp., Cleveland, OH) protocol us- 
ing primers L15926 (5'-CAC CAT TAG CAC CCA AAG CT- 
3') and H16401 (5'-TGA TIT CAC GGA GGA TGG TG-3'). 
Reaction products were electrophoresed at 75 W for 2.5 hr 
through a 6% polyacrylamide gel containing 7 M urea. 
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After electrophoresis, the gels were rinsed with ddH20, 
dried under vacuum, and exposed to Kodak XAR film for 
24-72 hr. Sequences were read and aligned using the com- 
puter program ESEE (Cabot 1993). Alternatively, an auto- 
mated DNA sequencer (A.L.F., Pharmacia LKB Biotechnol- 
ogy AB) was used. In this case, two amplifications wele 
performed from each individual, where one of the primers 
carried a biotin at its 5' end. After separation of the strands 
using avidin coupled to a solid phase (Hultman et al. 
1991), sequences were determined using fluorescein- 
labeled primers. 

Sequence Comparisons 
The distributions of pairwise differences within and be- 
tween populations, lineage sharing between populations, 
and permutation tests for detecting population subdivi- 
sion (Hudson et al. 1992) were calculated using an un- 
published program by Dr. A. yon Haeseler (Ludwig Maxi- 
milians University, Munich, Germany). Genetic distances 
(D) between populat ions were calculated as follows: 
D = I D B E  T - -  (Dwl + Dw2)/2l where D B E  T = mean pairwise 
difference between populations I and 2, Dwl = mean pair- 
wise difference within population 1, and Dwz = mean pair- 
wise difference within population 2. 
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