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Abstract

Objective: To elucidate the genetic relationships be-
tween Estonian, Latvian and Lithuanian men by studying
Y-chromosomal variation in these people. Methods: The
allelic status of five deep-rooted marker loci (YAP, Tat,
M9, 92R7 and SRY-1532) was determined for 346 Baltic
males. On the basis of single nucleotide polymorphism
(SNP) haplotypes, Y chromosomes were divided into six
haplogroups, and the Baltic haplogroup distribution
compared with that in 7 European reference populations.
Haplogroup frequencies, diversities and genetic dis-
tances (Fst values) were calculated. The relationships
between populations were further illustrated using Man-
tel test, neighbor-joining tree and principal-component
map. Results: We found the Indo-European-speaking
Latvians and Lithuanians to be genetically very similar to
the Finno-Ugric-speaking Estonians. When compared to
the reference populations, Baltic males were most close-
ly related to the Finno-Ugric-speaking Mari, followed by
their Finnish and Slavonic neighbors. Conclusions: The

genetic similarity existing between Estonian, Latvian and
Lithuanian men suggests that they originate from the
same male founder population. Since the Baltic Y-chro-
mosomal haplogroup distribution more closely resem-
bles that of Finno-Ugric than Indo-European-speaking
populations, we propose a hypothesis that Baltic males
share a common Finno-Ugric ancestry.

Copyright© 2002 S. Karger AG, Basel

Introduction

Estonia, Latvia and Lithuania are small North Euro-
pean countries which are surrounded by the Baltic Sea in
the west, the Gulf of Finland in the north, Russia in the
east, Belarus in the southeast and Poland in the south
(fig. 1). Although living geographically close to each other,
the Baltic people speak languages representing two com-
pletely different language groups. Estonian belongs to the
Finno-Ugric branch of the Uralic languages, together with
e.g. Finnish. Other more distantly related Finno-Ugric
languages comprise, e.g., the Saami languages, Mari,
Moksha, Komi and Hungarian. With the exception of
Basque, most other languages spoken in Europe, includ-
ing Latvian and Lithuanian, are members of the Indo-
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Fig. 1. Populations included in this study. Source map: ESRI Data &
Maps 1999. Abbreviated population names: Est = Estonians, Lat =
Latvians, Lit = Lithuanians, Fin = Finns, Mar = Mari, Pol = Poles,
Rus = Russians, Bru = Belarussians, Bel = Belgians, Spa = The Span-
ish.

European language group. Therefore, an interesting ques-
tion arises: are Baltic peoples genetically related to each
other or not? Linguistic affiliations would seem to indi-
cate that they are not, whereas geography and the lack of
any major geographic barriers do not argue against rela-
tively close relationships amongst them.

The early stages of colonization of the Baltic countries
are poorly known. It is possible that the Baltic area had its
first inhabitants as early as 35,000-40,000 years ago, at
the time when anatomically modern humans spread to
Europe [1, 2]. The origin, language or ethnic group of
these Paleolithic peoples are unknown, since most, if not
all, archaeological evidence was destroyed by the conti-
nental glacier that covered the whole Northern Eurasia
during the last glacial maximum approximately 23,000
BC [3]. Most likely, these people were hunter-gatherers.
Difficult living conditions restricted the size of the popu-
lation to hundreds, perhaps a few thousands of individu-
als [4].

The ice began to retreat slowly, and by ~ 10,000 BC
the Baltic region was completely exposed. It is therefore
not surprising that the earliest archaeological findings of
more permanent settlement date back to only ~ 9,000 BC
[4]. But who were these first permanent settlers of Esto-
nia, Latvia and Lithuania? According to the traditional
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view, the early Mesolithic populations of the Baltic region
were neither Finno-Ugric nor Indo-European, but of un-
known origin [4]. The supporters of the more recently for-
mulated continuity theory believe that the Baltic area,
perhaps even the whole of northern Europe, was in-
habited by Uralic-speaking people for at least the past
~ 10,000 years [3, 5, K. Wiik, pers. commun.]. These peo-
ple are suggested to have been the descendants of the
hunter-gatherers who lived in the periglacial zone be-
tween the Carpathian Mountains and the Volga River
during the last glacial maximum [5].

Although the origin of the Mesolithic people continues
to be debated, scientists seem to agree to a certain extent
on the population history of the Baltic region from the
middle Neolithic onwards. It has been suggested that Fin-
no-Ugric tribes arrived in the Baltic region from the east
or southeast approximately 4,000-3,000 BC [6]. They
merged with the original inhabitants who adopted the
Finno-Ugric language together with the Comb ware cul-
ture of the newcomers [4]. The members of this new Fin-
no-Ugric-speaking ethnic group are regarded as the ances-
tors of modern Estonians [6]. The next migration wave
came from the south ~ 1,000 years later. These Central
and Southeast European populations spread Corded-ware
and Battle-Axe cultures, as well as agriculture to the Baltic
region [4]. They spoke a proto-Baltic language, and are
considered the predecessors of ancient Prussians as well
as present-day Latvians and Lithuanians [7]. It is possible
that these Indo-European speakers pushed the Finno-
Ugric populations up north, across the Daugava, a river
splitting present-day Latvia. In this case, deep-rooted
markers, such as single nucleotide polymorphisms
(SNPs), should reveal genetic differences between north-
ern and southern parts of the Baltic region. Alternatively,
when effectively spreading their culture, the Indo-Euro-
pean-speaking immigrants may also have intermingled
with the original Finno-Ugric speakers, who, as a result,
adopted the new language [4].

Lively trade between the Baltic people and the neigh-
boring Scandinavian and Central European populations
characterized the Bronze Age (1,500-500 BC). It is likely
that the exchange of merchandise and cultural skills was
accompanied with minor population movements [4]. The
Iron Age (500-0 BC) is regarded as the time period when
the differentiation of the Baltic tribes was completed [6].
Indo-European-speaking immigrants gradually merged
with the original Finno-Ugric-speaking population in Es-
tonia, whereas, in Latvia and Lithuania, the Finno-Ugric
and other ethnic components were assimilated into the
Indo-European-speaking (Baltic) main population [4].
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Anthropologists and linguists agree that Estonians are,
in many respects, very similar to the Finns and other Fin-
no-Ugric-speaking populations. Geneticists do not ques-
tion this view either. A few reports concerning classical
markers [8] and mtDNA diversity [9] exist, and they indi-
cate that the closest genetic relatives of the Estonians are
their Finno-Ugric-speaking neighbors, such as the Finns
and the Karelians. Interestingly, recent studies based on
both blood group antigens [10, 11] and Y-chromosomal
variation [12-14] suggest that the Indo-European-speak-
ing part of the Baltic region is also genetically similar to
the surrounding Finno-Ugric populations. Therefore, it
seems that linguistic factors have had less influence on
shaping the gene pool of the Baltic area.

Little is known about the genetic relationships between
the Baltic people even now. With each genetic system
studied (classical markers, mtDNA and Y chromosome),
Estonians have been the major focus of attention. Less
interest has been paid to Latvians and Lithuanians, who
have usually appeared as reference populations consisting
of only 30-35 samples [9, 12-14]. Two research articles
have concentrated on the within-population diversity of
serologically defined ABO and Rh(D) blood groups, as
well as mtDNA variation in Lithuania [15, 16], but no
comparisons were made between the Lithuanians and
their Indo-European or Finno-Ugric-speaking neighbors.

In the present study we further elucidate the genetic
relationships between the Estonians, the Latvians and the
Lithuanians by examining Y-chromosomal diversity in
these people. This is the first time Latvian and Lithuanian
populations are characterized to this extent (n > 100). The
allelic status of five deep-rooted SNP markers was deter-
mined for 346 Baltic males, and Y-chromosomal haplo-
group distribution compared between all three Baltic pop-
ulations. The Baltic data were also compared with those
from surrounding Finno-Ugric and Indo-European-
speaking populations, mainly deriving from an earlier
study by Rosser et al. [13].

Subjects and Methods

DNA Samples

Y chromosomes of 346 unrelated, healthy Baltic males were ana-
lyzed in this study. Of these, 118 were Estonian, 114 were Latvian,
and 114 were Lithuanian. Blood samples were collected during blood
donation events organized by local Red Cross Blood Transfusion Ser-
vices or health care centers. The nationality of the donors was con-
firmed by the birthplace of their maternal and paternal grandparents.
Total DNA was extracted from lymphocytes by standard organic
extraction methods.
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For comparison, the following 1,078 samples from 7 European
reference populations were also included in this study: 537 Finnish,
48 Mari, 112 Polish, 122 Russian, 41 Belarussian, 92 Belgian and
126 Spanish samples. All but Finnish Y chromosome data have been
published earlier [13], but they had to be modified (see section
‘Haplogroup Formation’) to make them correspond to our results,
which were obtained with a narrower set of restriction enzymes. The
537 Finnish Y chromosomes will be described in detail elsewhere
[Koivumaki et al., in preparation].

SNP Loci and Protocols

In order to elucidate the frequency and distribution of Y-chromo-
somal haplogroups in the Baltic area, the allelic status of five biallelic
loci was determined. Markers known to be polymorphic in Northern
Europe were chosen on the basis of earlier studies [13, 17, 18]. YAP
insertion [19] was analyzed as described by Hammer and Horai [20].
Length variation of the poly-A tail at the 3’ end of the YAP element
was not determined, due to the small number of samples found to
carry the insertion (5/346). Four SNPs were typed according to the
following protocols: Tat as in Zerjal et al. [21], M9 [22] as in Hurles et
al. [17], 92R7 [23] as in Hurles et al. [24] and SRY-1532 [25] as in
Santos et al. [26]. The LLY22g HindIII polymorphism was typed in a
subset of our samples, using the primers and protocols kindly pro-
vided by C. Tyler-Smith and T. Zerjal [pers. commun.]. However,
since we observed a perfect correspondence between LLY?22g and
Tat alleles in our samples (i.e. LLY22g C was always accompanied
with Tat T and LLY22g A with Tat C), we omitted the former as the
loss of data was likely to be only marginal.

Haplogroup Formation

The term haplogroup (HG) refers to a group of related Y chromo-
somes, which share the same allelic combinations in the evolutionary
old SNP loci but may, and often do, differ with respect to alleles
present in the faster-evolving microsatellite loci. The principles of
haplogroup formation have been described in previous work [13].
Since we analyzed only five SNP loci, the resolution in our study is
limited in so far as some of the haplogroups remained undetected.

The haplogroups were named following the nomenclature system
of Jobling et al. [27] and Tyler-Smith [28]. Y chromosomes belonging
to haplogroup 1 all contain the following SNP alleles: YAP-, Tat T,
M9 G, 92R7 T and SRY-1532 G. The allelic ‘codes’ for the other
haplogroups detected in this study are: ~-TCCG for HG2, -TGTA for
HG3, +TCCG for HG4, -CGCG for HG16 and -TGCG for HG26.

To be able to compare the Baltic data with those of other Euro-
pean populations, we combined haplogroups 1 and 22 of the study by
Rosser et al. [13] to represent HG1, haplogroups 2 and 9 to represent
HG?2, haplogroups 4, 21 and 8 to represent HG4, and haplogroups 26
and 12 to represent HG26. The frequencies of haplogroups 3 and 16
were adopted as such. These combinations do not bias the original
data, because all of the combined haplogroups have the same allelic
status with respect to the five biallelic loci we analyzed. For example,
Y chromosomes belonging either to HG4, HG21 or HGS are all of
the type +TCCG (in the YAP, Tat, M9, 92R7 and SRY-1532 loci,
respectively).

Median-joining networks illustrating the connections between
different haplogroups were drawn manually based on the principles
of Bandelt et al. [29, 30].
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Statistical Analyses

Haplogroup frequencies were determined for each population.
Diversities and their standard errors were calculated applying the
method described by Nei [31]. Genetic distances were obtained from
a population pairwise Fst matrix, created by ARLEQUIN version
2.0 [32]. As a molecular distance method, the sum of squared size
differences was used. To evaluate the significance of the genetic dis-
tances, the associated p values based on 10,100 permutations were
calculated using Amova implemented in the ARLEQUIN program
package. Matrix correlation analysis by the Mantel test procedure
with 10,000 permutations was also performed by ARLEQUIN.

To further investigate population relationships, principal-compo-
nent (PC) analysis [33] was carried out. In this method k= 1,..., n for
each population, where n stands for the number of populations (here
n = 10), and vector x = (Xx1, Xk2,..., Xxn) T is obtained as follows. First,
each item xy; corresponds to a separate haplogroup (HGXX), e.g. Xy
and xj, correspond to HGO1 and HGO2, respectively. The value of
Xy; gives the number of times the population has the haplogroup
HGXX. Finally, the vectors x; are normalized to have an equal num-
ber of samples in all populations under study. After obtaining the
PCs for samples xy, the population data can be visualized with two
PCs (as shown in fig. 5), and the relations of populations can be
examined. The calculations were performed using commercial
MATLAB software package (Mathworks Inc.).

Sammon mapping belongs to a class of multidimensional scaling
algorithms and was performed on the data as described in Sammon
[34]. The GDA program [35] was used to calculate coancestry identi-
ty between the populations, which could be illustrated in the form of
unweighted pair group method with arithmetic mean (UPGMA) or
neighbor-joining (NJ) tree.

Results

Biallelic Marker Loci

The frequencies of individual SNP alleles are present-
ed in table 1.

The Y-chromosome-specific Alu insertion (YAP) was
rare in the Baltic people. We found the insertion in only
three Estonian men (2.5%), and it was even less frequent
in the Indo-European-speaking part of the Baltic region,
being present in one Latvian and one Lithuanian sample
(0.9%).

The C allele of the Tat polymorphism was present at a
relatively high frequency in all three Baltic populations.
The distribution of the Tat alleles followed a geographic
pattern: the frequency of the C allele increased from north
to south. Tat C was present in 33.9% of the Estonians,
42.1% of the Latvians and 43.0% of the Lithuanians.

Also the derived A allele of the SRY-1532 locus was
common in the Baltic area. The highest incidence was
observed in Latvia (39.5%), but the frequency was only
slightly lower in the two other Baltic countries. As many
as 37.3% of the Estonian and 36.0% of the Lithuanian Y
chromosomes were found to carry the SRY-1532 A allele.

Baltic Males Share Finno-Ugric Ancestors

Table 1. Frequencies (%) of individual SNP alleles in the Baltic pop-
ulations

SNP Allele Estonia Latvia Lithuania
YAP - 97.5 99.1 99.1
+ 2.5 0.9 0.9
Tat T 66.1 57.9 57.0
C 33.9 42.1 43.0
M9 C 22.0 8.8 17.5
G 78.0 91.2 82.5
92R7 C 57.6 50.9 60.5
T 42.4 49.1 39.5
SRY-1532 A 37.3 39.5 36.0
G 62.7 60.5 64.0

The G allele of the M9 polymorphism clearly predomi-
nated, accounting for 78.0% of the Estonian, 82.5% of the
Lithuanian and 91.2% of the Latvian Y chromosomes.
The C and T alleles of the 92R7 locus were distributed
evenly among the Baltic males: the frequency of the C
allele was 50.9% in Latvia, followed by 57.6% in Estonia
and 60.5% in Lithuania.

Haplogroup Diversity

Based on the biallelic marker data obtained in this
study, Baltic Y chromosomes were divided into specific
clusters or haplogroups, as in Helgason et al. [18] and
Rosser et al. [13]. With our set of SNPs, a total of seven
different haplogroups could be defined. All the 346 Baltic
Y chromosomes could be assigned to six haplogroups,
which were haplogroups 1-4, 16 and 26. The ancestral
haplogroup 7 was absent, as expected, since it has so far
been detected only in sub-Saharan Africans [13]. Haplo-
group frequencies and diversities for the three Baltic pop-
ulations are listed in table 2. The Estonians were most
diverse, harboring Y chromosomes belonging to all six
haplogroups. However, HG26 chromosomes were not de-
tected in the Latvians or the Lithuanians. Haplogroups 16
and 3 were the most predominant in all three populations,
accounting for 39.6 and 37.6% of the Baltic Y chromo-
somes, respectively. The majority of the remaining Y
chromosomes belonged either to HG2 (14.7%) or HG1
(6.1%). Five Baltic males were found to represent HG4
(1.4%), and only two Estonians could be placed to HG26
(0.6%).

In general, haplogroup frequencies in the three Baltic
populations resembled each other relatively closely (ta-
ble 2). However, the incidence of HG1 was slightly higher
and that of HG2 clearly lower in Latvia than in the two
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Table 2. Y-chromosomal haplogroup

frequencies ((%)) and diversities in the Haplogroups Estonia Latvia Lithuania All

Baltic populations (n=118) (n=114) (n=114) (n = 346)
HGl1 5.1(6) 9.6(11) 3.5(4) 6.1(21)
HG2 19.5(23) 7.909) 16.7 (19) 14.7(51)
HG3 37.3(44) 39.5 (45) 36.0 (41) 37.6 (130)
HG4 2.5(3) 0.9(1) 0.9(1) 1.4 (5)
HGI16 33.9 (40) 42.1(48) 43.0 (49) 39.6 (137)
HG26 1.7 (2) 0 0 0.6 (2)
HG diversity 0.711(£0.020)  0.657(£0.024) 0.663 (+0.022)

The allelic states of the biallelic loci are as follows: ~-TGTG for HG1, -TCCG for HG2,
-TGTA for HG3, +TCCG for HG4, -CGCG for HG16, and -TGCG for HG26. The order of
the biallelic loci is: YAP, Tat, M9, 92R7 and SRY-1532. The number of individuals repre-
senting each haplogroup is shown in parentheses.

Table 3. Fgr distances ( x 100) between the

Baltic and reference populations Est Lat Lit Fin Mar Pol Rus Bru Bel Spa

Est -

Lat 1 -

Lit 0 0 -

Fin 15 19 12 -

Mar 0 0 0 14 -

Pol 11 13 15 40 15 -

Rus 3 6 6 27 5 3 -

Bru 7 14 12 30 12 7 2 -

Bel 16 21 21 34 19 17 13 12 -

Spa 19 23 23 37 21 19 15 15 0 -

Nonsignificant distances (based on 10,100 permutations) at the 5% level are underlined.
Population names are abbreviated as in figure 1.
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other Baltic countries. Also, HG16 chromosomes were
less common in Estonia than in Latvia or Lithuania. To
illustrate the proportions of different haplogroups in these
populations, median-joining networks were constructed
(fig. 2).

Genetic versus Geographic Distances

In addition to the Baltic people, reference populations
representing different regions and different linguistic
groups of Europe were included in the computation of
genetic distances (table 3). Shortest distances were ob-
served among Estonians, Latvians, Lithuanians and the
Finno-Ugric-speaking Mari, indicating close genetic rela-
tionships between these four North European popula-
tions. The Baltic people were also fairly closely related to
Russians from the Moscow area, followed by the Belarus-
sians, the Poles and the Finns. The Belgians and the Span-
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Distance (km x 1,000)

ish were clearly distinct from the Baltic populations, as
well as from the Mari and the Finns.

Using the Mantel test, population pairwise Fs values
were compared to geographic distances (km) between all
of the 10 populations. The results of this test revealed a
slightly significant positive correlation (r = 0.4544, p =
0.0483) (fig. 3).

In UPGMA (not shown) and NIJ trees (fig. 4), Esto-
nians, Latvians and Lithuanians consistently appeared in
the same branch as the Mari. PC analysis confirmed the
observation that the Baltic populations grouped together,
with the Mari as their closest relative. The PC distances of
the Baltic populations to their Finnish and Slavonic
neighbors were approximately similar, the Indo-Euro-
pean-speaking populations being the most distant group
(fig. 5). Ssmmon mapping gave essentially the same result
(data not shown).
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Fig. 4. An NJ tree illustrating the phylogenetic relationships between
the Balts and the seven European reference populations.

Discussion

The haplogroup-defining mutations used in this study
represent unique or nearly unique events in human evolu-
tion, and are believed to have happened only once, with
the exception of SRY-1532, which has undergone a recur-
rent mutation [28]. The ages of all these mutations vary
from thousands of years for Tat T-C [21, 36], 92R7
C-T][17, 37 and SRY-1532 G- A [36, 38] to even tens
of thousands of years for Alu insertion [39]and M9 C - G
[22]. Therefore, they can serve as indicators of evolution-
ary events that took place in human history several thou-
sands of years ago.
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Alu Insertion

As expected, the frequency of Alu insertion was low in
Estonia (table 1). The YAP+ type is rarely seen in Finno-
Ugric-speaking populations, with the exception of the eth-
nic Csangds and other Hungarians, who carry the inser-
tion in 38 and 18% of their Y chromosomes, respectively
[12]. Instead, the insertion has been reported to be present
in approximately 10% of Indo-European-speaking men
[19], to whom Latvians and Lithuanians belong. Although
recent studies [18, 40] have suggested that the insertion is
less common in Northern Europe, it has nonetheless been
detected in 2-3% of men inhabiting the British Isles,
Scandinavia and Russia [18]. Therefore, we expected the
insertion to be more common in Latvia and Lithuania
than what we observed (0.9%). When the frequency is
compared with that of neighboring populations, the dif-
ferences are too small to allow far-reaching conclusions to
be made. But it is rather tempting to speculate that the low
frequency of Alu insertion in the Indo-European-speaking
part of the Baltic region could be indicative of a possible
Finno-Ugric influence on these people.

Tat C and HG16 Chromosomes

Y chromosomes carrying the C allele of the Tat poly-
morphism belong to haplogroup 16. Most C alleles are
found among speakers of Altaic or Uralic languages. The
highest frequency of the C allele has been detected in the
Siberian Yakut (86%), followed by Buryats (58%) who
live in Mongolia [21]. The C allele is also predominant
among the Finns (61%), the Karelians (40%) and the Mari
(33%), who all belong to the speakers of Finno-Ugric lan-
guages [12]. By contrast, most Indo-European speakers
harbor the T allele in their Y chromosomes. The C allele is
relatively rare among the Swedes (7%) and the Slovakians
(3%), and completely absent in British, Italian and Bul-
garian males [13, 21].

It has recently been reported that in the Baltic area,
linguistic boundaries have had little, if any impact on the
distribution of the Tat C allele [12-14]. This fits well with
our data, since we found the C allele to be common not
only among the Finno-Ugric-speaking Estonians, but also
among the Indo-European-speaking Latvians and
Lithuanians (table 1). Indeed, the C allele, which is usual-
ly regarded as an indicator of Finno-Ugric origin, was
more frequent in Latvians (42%) and Lithuanians (43%)
than in Estonians (34%). When compared to neighboring
Indo-European-speaking populations, a dramatic de-
crease in the frequency of HG16 chromosomes could be
seen. Only 14% of the Russians (Moscow area), 4% of the
Poles and 2% of the Belarussians carry the Tat C allele
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[13]. It is unlikely that HG16 chromosomes would have
been enriched in the Baltic area by chance, as a result of
similar and simultaneous evolutionary processes, such as
bottlenecks or genetic drift. Rather, the high frequency of
Tat C allele in all three Baltic countries could reflect the
genetic composition of the male founder population, sug-
gesting common eastern — possibly Finno-Ugric — roots
for these people. This interpretation is supported by a
recent, comprehensive study of Y-chromosomal diversity
in Europe [13], where HG16 chromosomes were pro-
posed to represent population movements from Eastern
Europe or Northern Asia to the Baltic Sea.

SRY-1532 A and HG3 Chromosomes

Y chromosomes carrying the A allele in the SRY-1532
locus are assigned to haplogroup 3, when they harbor the
derived states of M9 and 92R7 loci as well (G and T
alleles, respectively). HG3 chromosomes are typically
found in Central and Eastern Europe, such as Poland
(54%), Russia (47%) and Belarus (39%) [13], but they are
also widespread and fairly common in Asia [38]. In the
Baltic area, more than one third of Y chromosomes
belonged to haplogroup 3 (table 2), which again speaks for
a possible eastern influence in the males of these three
populations.

Baltic Males Share Finno-Ugric Ancestors

First PC

Genetic Similarity between the Balts and the Mari

The Y-chromosomal haplogroup distribution was sim-
ilar in Estonia, Latvia and Lithuania (table 2, fig. 2). More
than three quarters of the Baltic Y chromosomes could be
placed into only two haplogroups (haplogroups 3 and 16)
and three of the haplogroups encompassed ~92% of the
Y chromosomes in the Baltic area (haplogroups 2, 3 and
16). However, small differences in the frequencies of indi-
vidual haplogroups between populations could be seen.
These differences may be due to founder effects, genetic
drift, immigration and/or gene flow, but these evolution-
ary phenomena have most likely taken place after the
male founder population had settled in the Baltic area
several thousands of years ago. When compared to the
seven reference populations, Baltic haplogroup distribu-
tion resembled closely only that in the Mari, a Finno-
Ugric-speaking population inhabiting an area between the
Volga and the Ural. Also the genetic distances between
these four populations were effectively zero (table 3).
Instead, genetic distances between the Baltic people and
one other Finno-Ugric reference population included in
this study, the Finns, were clearly longer. This can be
explained by the Finnish haplogroup distribution [un-
publ. data], which was rather different from the Baltic
one. There was, however, one important feature that the
Finnish and the Baltic males had in common: a high fre-
quency of eastern HG16 chromosomes.
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The neighboring Indo-European-speaking popula-
tions, the Russians, the Poles and the Belarussians, were
found to be more distantly related to the Baltic men than
the Mari (table 3, fig. 5). The most striking differences
were the low frequency of HG16 chromosomes, and, on
the other hand, the higher incidence of HG2 chromo-
somes in these three reference populations. The Belgian
and the Spanish Y chromosomes represented Central
European type, and differed significantly from the Baltic
ones. In Belgium and Spain, HG1 chromosomes were
clearly predominant (with frequencies of 63 and 68%,
respectively), whereas only 6.1% of the Baltic Y chromo-
somes belonged to HG1. Furthermore, no HG16 chromo-
somes were found in the Belgian and Spanish samples
[13].

As could be expected on the basis of similar haplo-
group distribution, various statistical analyses failed to
reveal any significant differences between the three Baltic
populations. In the PC (fig. 5) and Sammon maps (not
shown), Baltic people clustered very closely together with
the Mari, but remained clearly separated from the rest of
the populations. The same phenomenon was again re-
peated in the phylogenetic NJ (fig. 4) and UPGMA trees
(not shown), obtained from the coancestry coefficients.
Regardless of the statistical evaluation method used, the
outcome was always the same: the males of Estonia, Lat-
via and Lithuania were genetically closely related, and
showed a marked degree of similarity to the Finno-Ugric-
speaking Mari. In our opinion, this favors the hypothesis
that the Baltic males may descend from the same Finno-
Ugric-speaking founder population. This view is further
supported by the positive correlation between geographic
and genetic distances obtained in the Mantel test (fig. 3).
Alternative models, such as migration and gene flow, fail
to explain why the geographically distant Mari are geneti-
cally so close to the Baltic males.

Our findings challenge those recently reported by Zer-
jal et al. [14], who suggested that the genetic history of
Latvian and Lithuanian Y chromosomes is distinct from
that of the Uralic speakers. Their conclusion was based on
e.g. multidimensional scaling of haplogroup frequencies,
which showed that the Latvians and the Lithuanians clus-
tered together but remained separated from their Indo-
European- and Finno-Ugric-speaking neighbors (includ-
ing the Estonians). The discrepancy in the results may be
attributed to several reasons. First, Zerjal et al. [14] ana-
lyzed a smaller number of samples. Second, they typed as
many as 10 binary marker loci; thus, considerably more
information was available for each subject. Third, sam-
ples characterized in these two studies may have been col-
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lected from different regions of the Baltic countries, and
may therefore reflect possible regional differences in allele
frequencies. And last, it should be borne in mind that the
Y chromosome effectively represents a single locus that is
strongly influenced by stochastic variation which even
alone, but especially together with any of the above-men-
tioned reasons, may have caused the stated discrepan-
cies.

The Language of the Ancestors?

It is logical to assume that the members of the same
language family are also genetically more closely related
to each other than to the speakers of unrelated languages.
However, recent studies [13, 24] have suggested that lan-
guage might not always be the major factor in determining
relatedness, but geographical vicinity can also play an
important role — especially in the absence of barriers, such
as high mountains or large water systems. This clearly
seems to be the case in the Baltic region. Published data
based on the careful analysis of both genetic [10, 11, 14]
and craniological [5, 6] material reveal marked similari-
ties between the three Baltic populations, indicating that
at least in this geographical territory the linguistic unit
does not correspond to the genetic one.

Our results suggest that the Baltic peoples may have a
common origin. Since Estonians speak a Finno-Ugric lan-
guage, and Latvians and Lithuanians belong to the speak-
ers of Indo-European languages, one or more of these pop-
ulations must have changed languages during the course
of history. While the Finno-Ugric-speaking Mari closely
resembled the three Baltic populations, none of the Indo-
European-speaking reference populations showed close
genetic relationships to the Baltic people. Therefore, it
seems more likely that the Estonians have always spoken
a Finno-Ugric language, whereas the Latvians and the
Lithuanians may have replaced their original Finno-Ugric
language with an Indo-European one. And indeed, the
Latvians still stress the first syllable of each word, which is
typical for Finno-Ugric languages [41]. Since language can
be adopted similarly to any other cultural skill, without
the need for genetic admixture, major migrations are not
necessary [5].

Recent archaeological findings [3] suggest that Finno-
Ugric-speaking tribes have inhabited the shores of the
Baltic Sea continuously for several millennia. This view,
known as the continuity theory, is strongly supported by
the evidence obtained from physical anthropology stud-
ies. The facial features and craniometric measures of the
Baltic-Finns are not significantly different from those of
other European populations, favoring the idea that Finno-
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Ugric speakers have lived in the Baltic area for a very long
time [5]. Similar results have been reported earlier by Ces-
nys [6], who proposed that the early inhabitants of the
Baltic region had arrived to the coast of the Baltic Sea
from the east, possibly as early as 8,000 BC. Assuming
that Estonia, Latvia and Lithuania have indeed been set-
tled by Uralic-speaking tribes since the early Mesolithic,
the most logical explanation for our Y-chromosomal data
would be a common Finno-Ugric ancestry for the males of
these three Baltic populations.
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