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We analyzed 10 Y-chromosomal binary markers in 363 males from 8 populations in Northern Europe and 5 Y
microsatellites in 346 of these individuals. These populations can be grouped according to cultural, linguistic, or
geographical criteria, and the groupings are different in each case. We can therefore ask which criterion best
corresponds to the distribution of genetic variation. In an AMOVA analysis using the binary markers, 13% of the
Y variation was found between populations, indicating a high level of differentiation within this small area. No
significant difference was seen between the traditionally nomadic Saami and the neighboring, historically farming,
populations. When the populations were divided into Uralic speakers and Indo-European speakers, 8% of the
variation was found between groups, but when they were divided according to geographical location, 14% of the
variation was between groups. Geographical factors have thus been the most important in limiting gene flow between
these populations, but linguistic differences have also been important in the east.

Introduction

Human genetic variation is not distributed evenly
across the globe (Cavalli-Sforza, Menozzi, and Piazza
1994), so as medicine becomes increasingly based on
genetics, it will become more and more important to
understand the distribution of these genetic differences.
Geographical patterns of variation are seen on many
scales. Continental differences exist, such as the higher
level of heterozygosity in Africa, explained by a longer
time of occupation and/or a larger effective population
size (Jorde, Bamshad, and Rogers 1998), but there are
also local differences which form gradual clines or more
abrupt changes, called genetic boundaries (Barbujani
2000). Although selection is responsible for some dif-
ferences in gene frequencies, most DNA variation is
thought to be neutral, or nearly so. Differences between
populations arise largely through random genetic drift
when they are separated by factors such as distance,
geographical barriers, or culture, and may or may not
be maintained when distinct populations come into con-
tact. There is debate about the relative importance of
these factors. Europe provides an excellent area in which
to investigate the mechanisms responsible because its
archaeology, history, culture, linguistics, and genetics
are relatively well known.

The northern part of Europe was an inhospitable
area during the last glacial maximum (around 20,000
B.C.), and there is little evidence for human occupation
during this period. Archaeological sites dating back to
10,000–8,000 B.C. are known from the southern part of
the Scandinavian Peninsula, but much of the interior
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was probably only colonized after 6,000 B.C. (Larsson
1996). The Scandinavian Peninsula is separated from
Finland and the Baltic countries by the Baltic Sea, which
is potentially a substantial geographical barrier and is
likely to have affected human migration in prehistoric
times. Later, however, intense commercial and cultural
exchanges across the Baltic Sea are well documented,
particularly during the Viking Age, and the Swedish is-
land of Gotland, situated in the middle of the Baltic Sea
at the ‘‘crossroads’’ of trading pathways (Tønneson
1994), seems to have been particularly exposed to influ-
ence from the east. The extent to which these contacts
have led to genetic exchanges is an issue that so far has
received relatively little attention.

Europe shows a remarkable linguistic homogeneity,
with most of the populations speaking languages be-
longing to the Indo-European family. In northern Eu-
rope, Indo-European speakers include the Swedes and
Norwegians (on the western side of the Baltic Sea),
whose languages belong to the Germanic subfamily, and
the Latvians and Lithuanians (on the eastern side of the
Baltic), whose languages belong to the Baltic subfamily.
In contrast, the Saami, Finns, and Estonians speak lan-
guages belonging to the Uralic family, otherwise spoken
across a broad region of northern Asia (Hajdú 1976).

Finally, this area provides an example of cultural
and livelihood differences that have separated the Saami
from their neighboring populations for thousands of
years. The Saami were nomadic herders and hunters of
reindeer, while the other populations were, after ;3,000
B.C., traditionally farmers (Cavalli-Sforza, Menozzi, and
Piazza 1994). Only in the last half century have the
Saami undergone significant acculturation.

Thus, in northern Europe, strong geographical, lin-
guistic, and cultural barriers can all be identified, but
they divide the populations into different groups. It is
therefore a particularly informative region: we can ask
which grouping most closely corresponds to the genetic
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FIG. 1.—Populations sampled and language family distributions.

grouping and thus evaluate the relative importance of
these factors in determining the current distribution of
genetic variation.

Previous work has provided some information on
the genetics of these populations but has left several
questions unanswered. While most of the present pop-
ulations are assumed to have a similar origin to other
Europeans (Carpelan 1998), the origin of the Saami has
been the subject of controversy. One hypothesis sug-
gests that they were originally Mongoloids who moved
from Western Siberia (Cavalli-Sforza, Menozzi, and Pi-
azza 1994), while an alternative hypothesis suggests, on
the basis of archaeological findings, a possible homeland
in the Onega and Ladoga Lakes region (today in the
Karelia Republic) (Eriksson 1988; Carpelan 1998).
Whatever their origin, the Saami are thought to have
gradually retreated northward after ;2,000 B.C. as a re-
sult of the Neolithic expansion of European farmers (Er-
iksson 1988; Carpelan 1998), such that they are now
confined to the extreme north of Scandinavia and
Fennoscandia.

Genetic studies using autosomal and mtDNA mark-
ers usually find that the Saami represent an outlying
population in Europe (Cavalli-Sforza, Menozzi, and Pi-
azza 1994; Sajantila et al. 1995; Lahermo et al. 1996;
Simoni et al. 2000), and the same conclusion was
reached when a small number of Y-chromosomal mark-
ers were used (Sajantila et al. 1996). In contrast, other
northern European populations (including the Finns, the
Estonians, and the Swedes) were not significantly dif-
ferent from the rest of Europe when analyzed using
mtDNA markers (Sajantila et al. 1995; Simoni et al.
2000), although the Finns show unusual frequencies at
many autosomal loci, usually attributed to a bottleneck
(de la Chapelle 1993). A few genetic investigations are
available for the southern Baltic populations, such as the
Estonians, the Latvians, and the Lithuanians. Although
they generally resemble other European populations, re-
cent studies using autosomal markers have shown some
distinct features (Beckman et al. 1998; Sistonen et al.
1999).

Most of the Y chromosome does not recombine, so
haplotypes are transmitted unchanged from father to son
apart from rare mutations and can be used in the inter-
pretation of population history. The effective population
size for this chromosome is four times as small as that
of any autosome, making it particularly susceptible to
drift and thus a very sensitive genetic tool with which
to investigate not only population movements, but also
the elements that can obstruct them. A wide range of
markers are now available, including stable binary poly-
morphisms and more variable microsatellites (Jobling
and Tyler-Smith 1995; Ayub et al. 2000; Underhill et al.
2000). Binary markers have the advantage that they usu-
ally provide unambiguous identification of a set of chro-
mosomes that share a common ancestor, but they suffer
from ascertainment bias. They can usefully be combined
with microsatellites, which are variable in all popula-
tions. Using a Y-chromosomal base substitution (‘‘Tat’’)
that seems to have arisen in Asia, Zerjal et al. (1997)
proposed a significant Asian contribution to the paternal

gene pool of the Finns, the Saami, and the Estonians
but less of a contribution to the Norwegians; subsequent
work has identified the same marker in the Latvians
(Lahermo et al. 1999). Thus, the Y chromosome is an
effective genetic tool for revealing the patterns of vari-
ation in this area.

In the present study, we therefore used a set of Y-
chromosomal markers with different mutation rates to
investigate the relative importance of geographical, lin-
guistic, and cultural factors in determining the distri-
bution of genetic variability in closely located
populations.

Materials and Methods
Samples

This study used a set of 363 males from eight pop-
ulations from Scandinavia and the Baltic region (fig. 1).
Four sets of samples were from the eastern side of the
Baltic: Finns and Estonians (both Uralic speakers) and
Lithuanians and Latvians (Indo-European speakers, Bal-
tic subfamily). Three sets of samples were from the
western side of the Baltic: Swedes, Gotlanders, and Nor-
wegians (all Indo-European speakers, Germanic subfam-
ily). The samples from the island of Gotland were of
Swedish nationality but were considered separately in
order to investigate their origin and degree of admixture
with the neighboring populations. The Saami samples
were from the Swedish territory of Norrbotten, and they
were from Uralic speakers. Although they now live to
the west of the Gulf of Bothnia, they are thought to have
come from Karelia and should for many purposes be
considered an eastern population.
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FIG. 2.—a, Haplogroups (in circles) defined by binary Y markers (arrows). b, Haplogroup frequencies in the 363 individuals. Frequency
is proportional to circle area; squares 5 haplogroup not found.

Binary Polymorphism Typing

Ten binary markers known to identify polymor-
phisms within Europe were used in this study. Nine ap-
pear to originate from unique mutational events: 12f2,
YAP, SRY-8299, sY81, M9, LLY22g/HindIII, Tat, 92R7,
and SRY-2627 (references below). One, SRY-1532, has
undergone recurrent mutation. Ten markers with these
mutational characteristics (nine unique, one recurrent)
allow 12 haplotypes to be defined. These haplotypes of-
ten contain large numbers of related chromosomes and
are designated ‘‘haplogroups’’ to distinguish them from
the haplotypes defined by microsatellites alone or com-
binations of binary and microsatellite markers. Haplo-
group relationships and nomenclature have been estab-
lished in previous work (Jobling, Pandya, and Tyler-
Smith 1997; Jobling and Tyler-Smith 2000), where a
tree was constructed using the principle of parsimony
assuming the minimum number of mutational events.
The relevant portion of this tree is shown in figure 2a.
Although two of the markers (sY81 and SRY-2627) did
not detect variation in the samples analyzed, the results
are reported in order to facilitate comparisons with other
studies.

All the samples were typed with each biallelic
marker. Although the allelic states of some polymor-
phisms have previously been found to be associated with
one another, this redundancy provides an internal check
on the reliability of the typing (Jobling, Pandya, and
Tyler-Smith 1997; Pandya 1998). Typing conditions
were similar for all of the markers, changing only the
cycling program. The reaction volume was 25 ml and
contained 20–50 ng of DNA, 1 mM of each primer, 100–
200 mM dNTPs, and 1.25 U Taq polymerase in the PCR
buffer described previously (Zerjal et al. 1997; Hurles
et al. 1998). All PCR reactions were carried out in an

MJR PTC-200 thermal cycler. For restriction fragment
length polymorphism analysis, 1–3 U of the appropriate
restriction enzyme in 10 ml of 1 3 digestion buffer was
added directly to 13 ml of PCR reaction and incubated
at the appropriate temperature overnight. Digests were
analyzed by electrophoresis on agarose gels (2%–4%
NuSieve : Seakem, 2:1) containing ethidium bromide in
0.5 3 Tris-acetate EDTA (TAE) buffer.

The polymorphisms SRY-1532, YAP, SRY-8299,
sY81, 12f2, M9, 92R7, Tat, and SRY-2627 were typed
according to procedures based on those described pre-
viously (Seielstad et al. 1994; Hammer and Horai 1995;
Whitfield, Sulston, and Goodfellow 1995; Underhill et
al. 1997; Zerjal et al. 1997; Hurles et al. 1999; Santos
et al. 1999; Blanco et al. 2000).

Microsatellite Typing

Samples were typed with five microsatellite mark-
ers: DYS390, DYS391, DYS19, DYS392, and DYS393.
All have tetranucleotide repeat units, except for DYS392
which has a trinucleotide repeat unit. The five micro-
satellites were amplified in a single multiplex PCR re-
action (Thomas, Bradman, and Flinn 1999) and run on
a denaturing 4.25% polyacrylamide gel in 1 3 Tris-bo-
rate EDTA (TBE) on an ABI 377 DNA sequencer. Gels
were analyzed by ABI PRISM GeneScan Analysis 2.0.2
to produce sample files, which were then imported into
Genotyper 1.1 (both from PE Applied Biosystems).

Data Analysis

Haplogroup frequencies were calculated for all
populations, and the chromosomes in each haplogroup
were analyzed with a set of five microsatellites. With
these data, a median-joining network (Bandelt, Forster,
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Table 1
Haplogroup Frequencies and Diversities

POPULATION (n)

HAPLOGROUPS

1 2 3 16 9 21 26
HAPLOGROUP

DIVERSITY

Norwegians (52). . . . .
Gotlanders (64). . . . . .
Swedes (48) . . . . . . . .
Saami (48). . . . . . . . . .
Finns (39) . . . . . . . . . .
Estonians (40). . . . . . .
Latvians (34). . . . . . . .
Lithuanians (38) . . . . .

15 (29%)
11 (17%)
11 (23%)
3 (6%)
0
2 (5%)
5 (15%)
2 (5%)

17 (33%)
38 (59%)
23 (48%)
15 (31%)
11 (28%)
14 (35%)

4 (12%)
5 (13%)

16 (31%)
10 (16%)

9 (19%)
10 (21%)
3 (8%)

10 (25%)
14 (41%)
13 (34%)

2 (4%)
4 (6%)
4 (8%)

20 (42%)
25 (64%)
13 (32.5%)
11 (32%)
18 (47%)

1 (2%)
0
0
0
0
0
0
0

1 (2%)
0
1 (2%)
0
0
0
0
0

0
1 (2%)
0
0
0
1 (2.5%)
0
0

0.722 (60.014)
0.603 (60.07)
0.688 (60.06)
0.690 (60.04)
0.518 (60.09)
0.720 (60.04)
0.700 (60.06)
0.660 (60.06)

and Rohl 1999) for each haplogroup was constructed
using the program Network, version 1.8.

The distribution of Y-chromosomal diversity was
measured as within- and between-population variation
calculated using analysis of molecular variance (AMO-
VA) (Excoffier, Smouse, and Quattro 1992) using the
Arlequin computing package, version 1.1. With the same
program, pairwise genetic distances between popula-
tions were calculated either from the haplogroup fre-
quencies or from the microsatellite haplotypes. In each
case, a distance matrix was created by counting the
number of mutational steps separating each pair of hap-
logroups or haplotypes. The FST analogs calculated in
this way are referred to as FST values. Haplotype fre-
quencies were calculated for all populations. Except for
the haplogroup 16 AMOVA results, where only haplo-
group 16 haplotypes were taken into account, the mi-
crosatellite analyses did not use information about the
haplogroups. Diversities and their standard errors were
calculated according to Nei (1987). Haplogroup fre-
quencies and pairwise genetic distances from microsat-
ellite haplotypes were represented in two-dimensional
space with multidimensional scaling (MDS) in the
SPSS, version 7.0, software package.

Genetic boundaries and their significance assess-
ments were calculated using the ORINOCO program
(Hurles 1999). This program uses methods similar to
those described earlier (Barbujani, Oden, and Sokal
1989) to identify the geographical regions in a chosen
landscape where abrupt genetic change occurs (known
formally as ‘‘genetic boundaries’’) and subsequently ap-
plies a permutation test to assist in evaluating their sig-
nificance. It involved the following steps: (1) A fre-
quency distribution surface was calculated for each hap-
logroup throughout the landscape by interpolation from
the irregular sampling sites to a regular 100 3 100 grid.
(2) These surfaces were differentiated to determine the
rate of change with respect to distance at each grid point.
(3) The differentials were summed to produce the raw
output (e.g., as illustrated in fig. 6a), which is thus a
representation of the overall rate of change of Y hap-
logroup frequency with distance extant at the time of
sampling. In order to assess whether regions of rapid
change are likely to be significant, a simple threshold
filter was first applied to retain only the top 5% of val-
ues, and then a permutation test was used: (4) Popula-
tion samples with the same size and geographical lo-
cation as the real data were constructed by randomly

sampling from the pooled data, and steps 1–3 were re-
peated. Step 4 was carried out 1,000 times. The real data
were then compared with these simulations, and grid
points at which the rate of change in the real data was
greater than that in 95% of the simulations were re-
tained. Thus, insignificant boundaries that appeared be-
cause of small sample size were excluded.

Results

Ten binary Y markers were used to classify 363
samples from eight northern European populations into
haplogroups (table 1). This set of markers potentially
identifies 12 haplogroups (fig. 2a); however, in the entire
region, only four were observed at high frequencies
(haplogroups 1–3 and 16; fig. 2b). Three haplogroups
were present at low frequencies (haplogroups 21, 26,
and 9), while five haplogroups (haplogroups 12, 7, 4, 8,
and 22) were not seen at all.

Haplogroup frequencies were examined in individ-
ual populations. Haplogroups 2 and 3 did not show large
differences in frequency between the populations, but
haplogroups 1 and 16 showed substantial differences
within this area (fig. 3). Haplogroup 1 was strongly rep-
resented on the western side of the Baltic Sea but was
quite rare among the Saami and the populations on the
eastern side (fig. 3a). This clinal distribution fits its
known pattern of distribution, with a high incidence in
western European populations (English, Irish, Basques,
Catalans) and a lower frequency in the east (Pandya
1998; Hill, Jobling, and Bradley 2000). Haplogroup 16
showed the opposite pattern: high frequency among the
populations on the eastern side of the Baltic Sea, ac-
counting for more than 60% of the Finnish, 42% of the
Saami, and 47% of the Lithuanian chromosomes, and
low frequency on the western side, falling to 4% among
the Norwegians (fig. 3c). Again, this fits its known
worldwide distribution (Zerjal et al. 1997; Karafet et al.
1999), where it is well represented in Northern Asia but
absent from most of Europe. Haplogroup 3 accounts for
a high proportion of Asian and European chromosomes
(Zerjal et al. 1999) and shows considerable local vari-
ation, especially in Asia, where it has not been detected
on the eastern edge of the continent. In Europe, its high-
est frequencies are among central-eastern populations,
and it is rare in the southeast and southwest regions of
the continent. In Scandinavia and in the Baltic regions,
it is well represented among all the populations, with
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FIG. 3.—Geographical distribution of selected haplogroups. Circle
area is proportional to sample size. a, Haplogroup 1. b, Haplogroup 3.
c, Haplogroup 16.

the highest frequencies among the Latvians (41%) and
the Norwegians (31%) and a lower frequency in Finland
(8%) (fig. 3b). Haplogroup 2 contains a heterogeneous
set of chromosomes that are not necessarily closely re-
lated. It is common in much of Asia and in Europe but,
without further subdivision, its distribution is not very
meaningful and is not shown. Haplogroups 9, 21, and
26 are rare in this region. The first two are common in
northern Africa and southern Europe (Pandya 1998;
Bosch et al. 1999) while haplogroup 26 is present, but
rare, in much of Europe.

Y chromosomes were also typed using five micro-
satellites. Full data were available from 346 samples,
among which 92 different five-locus microsatellite hap-
lotypes were found, or 97 combination binary plus mi-
crosatellite haplotypes (summary table available as sup-
plementary information). Average haplotype diversity
was 0.95 for all of the populations, but in the Finns it
was slightly lower (0.83 6 0.04), as was the haplogroup
diversity (0.68 compared with 0.52 6 0.09 in the Finns;
table 1). A previous study (de Knijff et al. 1997) found
a higher haplotype diversity of 0.99 using seven Y mi-
crosatellites in four European populations, as might be
expected with more microsatellites.

To investigate the phylogenetic relationships be-
tween microsatellite haplotypes within each haplogroup,
we constructed median-joining networks using the pro-
gram Network, version 1.8. Haplogroups 1 (not shown)
and 3 (fig. 4a) showed a high degree of haplotype shar-
ing among populations from both sides of the Baltic Sea
and from both linguistic families, with no evident hap-
lotype clustering on the basis of geography or linguis-
tics. In haplogroup 3, the four common haplotypes were
shared by most of the populations; some of the minor
haplotypes were population-specific but were scattered
randomly around the main core (fig. 4a). A different
result was found in the network analysis of haplogroup
16. In this case, a concentration of Latvian and Lithu-
anian haplotypes was present on the left-hand side of
the network, while Finns, Saami and Estonians were
mostly on the right-hand side (fig. 4b). The two groups
of haplotypes were distinguished by a difference at
DYS19. Swedes, Gotlanders, and Norwegians were also
on the right-hand side of the network, perhaps indicating
northeastern ancestors for the western haplogroup 16
chromosomes.

Genetic relationships between the populations were
examined using the binary and microsatellite data in
separate analyses. Haplogroup frequencies were used to
produce a two-dimensional plot using multidimensional
scaling (fig. 5a). The strongest division was between
eastern and western populations, separated by the Baltic
Sea. This can readily be understood from the distribu-
tions of haplogroups 1 and 16, shown in figure 3. The
Saami and the Estonians are the closest populations,
while the Finns are separate and the Latvians and Lith-
uanians are close together but somewhat separated from
the rest.

Microsatellite haplotype frequency data were used
to calculate pairwise genetic distances between popu-
lations using AMOVA (table 2) and then displayed in
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FIG. 4.—Median-joining networks of microsatellite haplotypes. Each circle represents a haplotype, and the circle area is proportional to the
number of chromosomes. Each color indicates a population, and the microsatellite mutational steps are shown on the lines linking haplotypes.
a, Haplogroup 3. b, Haplogroup 16.
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FIG. 5.—Genetic relationships between populations represented
by multidimensional scaling. Open symbols, Uralic speakers; closed
symbols, Indo-European speakers. Relationships are based on (a) hap-
logroup frequencies and (b) pairwise FST values derived from micro-
satellite haplotype frequencies and molecular distances between
haplotypes.

FIG. 6.—Visualization of genetic boundaries. a, Raw data. The
coastline is shown in black and the locations of the populations are
shown as white circles. Boundaries are coded according to their inten-
sity, with higher boundaries shown as darker gray. b, Boundaries re-
maining after application of the 5% threshold and 95% permutation
filters. Land is shown in light gray, the sea in intermediate gray, and
the boundaries in dark gray.

two dimensions, again using multidimensional scaling
(fig. 5b). Despite using independent markers, the plots
are quite similar. In figure 5b, the major division is be-
tween the Latvians and Lithuanians and the rest of the
populations, and there is a secondary division between
the eastern and western populations. As in figure 5a, the
Saami and the Estonians lie very close together, and on
both plots Swedes and Gotlanders are clustered together,
illustrating the genetic similarity existing between them.

The genetic structure of these data was analyzed in
more detail using AMOVA (Excoffier, Smouse, and
Quattro 1992), which allows the percentage of genetic
variation to be calculated in hierarchical levels: within
populations, among populations, and among groups of
populations (grouped according to geography, linguistic
family, or linguistic subfamily). When haplogroup fre-
quencies were analyzed without grouping of the popu-
lations, the highest fraction of variability was due to
within-population differences, as expected (87%; P ,
0.0001), but a substantial minor fraction, 13% (P ,
0.0001), was due to differences among populations (ta-
ble 3). When microsatellite haplotype frequencies were
used, the latter fraction was 9%.

When a hierarchical approach was taken, popula-
tions were first divided according to geography. Popu-
lations on the western side of the Baltic (Norwegians,
Swedes, and Gotlanders) were grouped together and
compared with populations on the northern and eastern
sides (Saami, Finns, Estonians, Latvians, and Lithua-
nians). The second grouping was on the basis of lan-
guage family: Indo-European speakers (Norwegians,
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Table 2
FST Values Calculated from Microsatellite Haplotypes and Their Significance

Gotlanders Swedes Saami Finns Estonians Latvians Lithuanians Norwegians

Gotlanders . . . . . . . . .
Swedes . . . . . . . . . . . .
Saami . . . . . . . . . . . . .
Finns . . . . . . . . . . . . .
Estonians . . . . . . . . . .
Latvians . . . . . . . . . . .
Lithuanians . . . . . . . .
Norwegians . . . . . . . .

20.009
0.105
0.221
0.055
0.137
0.197
0.038

—

0.08
0.196
0.033
0.109
0.161
0.013

1
1

0.042
0.006
0.063
0.066
0.081

1
1
1

0.093
0.168
0.158
0.215

1
1
—
1

0.012
0.037
0.04

1
1
1
1
—

20.011
0.077

1
1
1
1
—
—

0.124

1
—
1
1
1
1
1

NOTE.—Significance of FST P values is shown above the diagonal. Population pairwise FST values are shown below the diagonal.

Table 3
Apportionment of Genetic Variation Using Two Different Sets of Markers

Grouping Source of Variation Biallelic Markers (%) Microsatellites (%)

No grouping . . . . . . . . . . . . . . . Among populations
Within populations

13 (P , 0.0001)
87 (P , 0.0001)

9 (P , 0.0001)
91 (P , 0.0001)

Geography . . . . . . . . . . . . . . . . Among groups
Amoung populations within groups
Within populations

14 (P 5 0.02)
4 (P , 0.0001)

81 (P , 0.0001)

8 (P 5 0.02)
4 (P , 0.0001)

87 (P , 0.0001)
Language family . . . . . . . . . . . Among groups

Amoung populations within groups
Within populations

8 (P 5 0.08)
9 (P , 0.0001)

84 (P , 0.0001)

4 (P 5 0.09)
7 (P , 0.0001)

89 (P , 0.0001)
Language subfamily. . . . . . . . . Among groups

Among populations within groups
Within populations

14 (P 5 0.003)
3 (P , 0.0001)

84 (P , 0.0001)

10 (P 5 0.003)
2 (P , 0.0001)

88 (P , 0.0001)

Swedes, Gotlanders, Lithuanians, and Latvians) com-
pared with Uralic speakers (Saami, Finns, and Esto-
nians). Finally, the third grouping was also based on
language but divided the Indo-Europeans speakers ac-
cording to their language subfamilies: Germanic speak-
ers (Norwegians, Swedes, and Gotlanders), Baltic
speakers (Latvians and Lithuanians), and Uralic
speakers.

A significant amount of differentiation between
groups was present when geography and linguistic sub-
family were taken into account (14% in both cases for
haplogroup frequency variation; 8% and 10%, respec-
tively, when microsatellite haplotype variation was
used). Nonsignificant results (table 3) were obtained in-
stead when the language family grouping was taken into
account, indicating that the differentiation that is de-
tectable in this case is not entirely ascribable to the lin-
guistic division. It is interesting to observe that the
AMOVA results from the biallelic marker data always
indicate a higher degree of group differentiation than
that obtained with microsatellite data, perhaps because
of homoplasy among the microsatellite haplotypes.

Populations consist of individuals subjected to
common demographic processes that affect the different
genetic lineages together and not independently, but
they are not necessarily stable over time. The present
composition does not always reflect the past composi-
tion. Since haplogroup 16 seems from the network anal-
ysis (fig. 4) to show a different population distribution
pattern, distinct from the rest of the haplogroups found
in these populations, we carried out an independent
AMOVA analysis for the haplogroup 16 chromosomes.
A larger amount of population differentiation was seen

in this haplogroup, apportioning 28% (P , 0.001) of
the genetic variation to among-populations differences
(table 4). When geography was taken into consideration,
the amount of variation among groups fell to 0.5% (P
5 0.38). This suggests that the small number of hap-
logroup 16 haplotypes in the western countries are quite
similar to the Saami/Finnish/Estonian ones, perhaps be-
cause of gene flow. When language subfamily was taken
in to consideration, the amount of differentiation among
groups increased even further, assigning 31% (P 5
0.003) of the variation among groups and 5% of the
variation to populations within the groups. This result
shows a strong differentiation among groups accompa-
nied by a striking similarity among populations within
the same group. Nonsignificant values were obtained in-
stead when populations were grouped simply into Uralic
speakers and Indo-European speakers. Thus, for this
haplogroup, the major differentiation is between (Lat-
vians 1 Lithuanians) and (Saami 1 Estonians 1 Finns),
as illustrated by the network (fig. 4b).

To locate the zones of sharpest genetic change
within this area, we used the Orinoco program on the
haplogroup data for the eight populations (fig. 6). In
figure 6a, the strongest boundaries divide western pop-
ulations from eastern ones, indicating that the geograph-
ical boundary has played a major role in determining
genetic frequencies in this part of Europe. Nevertheless,
a zone of sharp genetic change is also present between
Estonians and Latvians and between Swedes and the
Saami, supporting the idea that other factors also con-
tribute to genetic boundaries. When the top 5% thresh-
old filter was combined with the 95% permutation filter,
a reduced boundary was still present between the Es-
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Table 4
Apportionment of Genetic Variation in Haplogroup 16 Chromosomes

Grouping Source of Variation Percentage of Variation

No grouping . . . . . . . . . . . . . . . Among populations
Within populations

28 (P , 0.0001)
72 (P , 0.0001)

Geography . . . . . . . . . . . . . . . . Among groups
Among poulations within groups
Within populations

0.5 (P 5 0.38)
28 (P , 0.0001)
72 (P , 0.0001)

Language family . . . . . . . . . . . Among groups
Among populations within groups
Within populations

20 (P 5 0.15)
14 (P , 0.0001)
66 (P , 0.0001)

Language subfamily. . . . . . . . . Among groups
Among populations within groups
Within populations

31 (P 5 0.003)
5 (P , 0.0001)

64 (P , 0.0001)

tonians and the Baltic populations, although the major
boundary was between the western populations and the
eastern/northern ones.

Discussion

The present study provides an example of the pow-
er of a genealogical approach to Y chromosome analysis
based on a hierarchical use of different markers to in-
vestigate human genetic variation and the elements that
can affect it. The subdivision of the Y chromosomes into
distinct lineages (haplogroups), defined by unique-event
binary polymorphisms, was followed by investigation of
the diversity within haplogroups using more variable
loci, microsatellites. This provided information about
the genetic background and relationship among popu-
lations, which can be considered in the light of their
known history. Each haplogroup represents a unique lin-
eage that has originated from a single man sometime in
the past and somewhere in the world. The spread of each
haplogroup is assumed to be unaffected by selection and
to be the result of male migrations. The influences of
factors like genetic founder effects, gene flow, and ge-
netic drift, as well as geographical, linguistic, and cul-
tural barriers, can be investigated. The overall distribu-
tions of Y haplogroups within Europe have now been
documented (Rosser et al. 2000; Semino et al. 2000).

The origins of two populations, the Saami and the
Gotlanders, were of particular interest, as were the more
general questions about the relative importance of dif-
ferent factors in determining genetic boundaries between
populations.

Origin of the Saami

A striking finding was that the Saami Y chromo-
somes, characterized using either binary markers or mi-
crosatellites, were very similar to those of the Estonians
(fig. 5) and distinct from those of their immediate neigh-
bors, the Swedes and the Finns. One explanation would
be that these chromosomes represent the ancestral pool
for the northeastern Uralic-speaking populations, per-
haps from the Ladoga and Onega Lake region, and that
the Finns now differ because of their unique demograph-
ic history: a limited number of founders, isolation even
in historical times, and a population bottleneck followed
by rapid population growth. The FST values obtained

from the microsatellite data were significantly different
between the Finns and all of the other populations in-
vestigated and this is shown in figure 5, where the Finns
always occupy an outlying location. The Y data, how-
ever, contrast with findings from other regions of the
genome (Cavalli-Sforza, Menozzi, and Piazza 1994). In
mtDNA, there is a distinct ‘‘Saami motif’’ that distin-
guishes a major proportion of Saami mtDNA from all
other European lineages (Sajantila et al. 1995; Lahermo
et al. 1996). Thus, there could be different genetic his-
tories for males and females, due to different migration
patterns or gene flow. For example, if there were high
levels of male-mediated gene flow into the Saami, the
original Y lineages, but not all of the original mtDNA
lineages, could have been replaced.

Origin of the Gotlanders

In contrast, the origin of the Gotland Y chromo-
somes is clear: using either binary or microsatellite
markers, the Gotlanders and the Swedes form the most
closely related pair of populations (fig. 5). They share
14 microsatellite haplotypes among 31 and 27, respec-
tively, and the FST value between them is not signifi-
cantly different from 0. Thus, the Gotlanders’ Y chro-
mosomes have a predominantly western origin. This
conclusion again contrasts with the findings from other
genomic regions. Although no information is available
on Gotland mtDNA, some autosomal markers show ev-
idence of gene flow from the east. The blood group gene
LWb has been found at frequencies of about 6% in the
Latvians and the Lithuanians, 4% in the Estonians, and
2.9% in the Finns, but it is present at a very low fre-
quency in mainland Swedes (0.3%) and elsewhere in
Western Europe (0%–0.1%) and is apparently absent
from Asian and African populations (Sistonen et al.
1999). Thus, it can be considered a ‘‘Baltic tribal mark-
er.’’ In Gotland, it is found at a frequency of 1.0%, per-
haps reflecting female, rather than male, migration.

Genetic Boundaries

Genetic differences can be correlated with cultural,
linguistic, and geographical differences, but it is usually
difficult to disentangle the individual effects of these
factors because culture, language, and geography are all
correlated with one another. Distinguishing individual
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effects requires an informative genetic system and pop-
ulations in which culture, language, and geography are
not entirely correlated. The Y chromosome in northern
Europe provides this.

AMOVA analysis of autosomal markers in world-
wide populations has typically found that about 15% of
the variation is between populations or groups of pop-
ulations (Barbujani et al. 1997), while a similar analysis
of Y-chromosomal markers found that the equivalent
figure was 41% (Santos et al. 1999), illustrating the
greater differentiation of Y markers. In a smaller geo-
graphical area, the populations are expected to be more
similar, so 10%–13% (table 3) represents substantial ge-
netic differentiation.

The one population with a distinct lifestyle, the
Saami, does not show a distinct set of Y chromosomes.
Cultural differences may not have led to genetic differ-
entiation, or differences that had accumulated in the past
may have been erased by subsequent gene flow. How-
ever, significant genetic differences between populations
grouped according to language or geography are seen.
The percentage of variation between groups is larger
when grouping is according to geographical location (ta-
ble 4), suggesting that geography has had the more im-
portant influence. This conclusion is supported by the
genetic boundary of the Baltic Sea being stronger than
that of the Estonian/Latvian border (fig. 6) and a con-
sideration of the key populations where the geographical
and linguistic boundaries do not correspond: the Latvi-
ans and the Lithuanians. Haplogroup frequencies, par-
ticularly for haplogroups 1 and 16 (fig. 3), resemble
those in other eastern populations, not in other Indo-
European speakers.

This finding raises a new question: what is the or-
igin of the discrepancy? If haplogroup frequencies alone
were considered, possible explanations would include
replacement of an earlier Uralic language in these pop-
ulations by the present Indo-European languages, or
flow of Y chromosomes but not language from the
north, or another, unsampled, region with the character-
istic high frequency of haplogroup 16 and low frequency
of haplogroup 1. There is no evidence for language re-
placement, and the differentiation of the haplogroup 16
chromosomes between the Baltic countries and the rest
(fig. 4b and table 4) shows that the Latvian and Lithu-
anian haplogroup 16 chromosomes have not originated
from recent gene flow. When haplogroup 16 chromo-
somes were omitted from the analysis, in order to un-
derstand to what extent the other lineages were distinct,
a similar clustering effect for Latvians and Lithuanians
was observed in an MDS analysis (data not shown).
This result supports the idea that the genetic history of
Y chromosomes within these two populations is distinct
from that of the Uralic speakers. This conclusion does
not challenge the earlier suggestion that haplogroup 16
chromosomes arose in Asia, but suggests that there were
two distinct early migrations of haplogroup 16 chro-
mosomes into Europe.

In summary, our interpretation of the Y-chromo-
somal data is that the major genetic difference in this
area is geographical, distinguishing populations living

on the western side of the Baltic from those on the east-
ern side. However, a significant difference was also de-
tectable between Finno-Ugric speakers and Baltic speak-
ers on the eastern side, where the Latvians showed
greater genetic similarity to the Lithuanians than to the
Estonians, demonstrating that linguistic differences can
have a lesser, but still important, influence on the dis-
tribution of genetic diversity.
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