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Genes and gene geography
of Lithuanians

Abstract. The primary objective of this article was to overview the
present-day knowledge on genetic features of the Lithuanian popula-
tion. Genetic differentiation within the Lithuanian population and the
relationship between Lithuanians and other European populations was
analysed by means of blood groups, serum protein polymorphisms and
DNA markers including mtDNA and Y chromosome markers. The re-
sults of the research have shown small differences between present-day
Lithuanian ethnolinguistic groups, which probably go back to the pre-
historic Baltic tribal structure. The Baltic peoples show a mixture of
eastern and western genetic traits, e. g. a high frequency of the blood
group B combined with a very high frequency of the Rh-negative blood
group. Studies of the Baltic “tribal gene” LWb indicate the presence of a
considerable Baltic admixture in the neighbouring Finno-Ugric and
Slavic populations.
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INTRODUCTION

Migrations and admixture tend to
obliterate the unique and peculiar ge-
netic features of original historical
populations. The Lithuanian popula-
tion is an interesting object for genetic
studies, but Lithuania has long been a
‘white spot’ on the population genetic
map of Europe. Although initial stud-
ies of blood groups had been performed
in Lithuania in the first decades of the
20th century [1, 2, 3], contemporary
genetic investigation of the Lithua-
nian population started just 15 years
ago and revealed some internal ge-
netic variation [4]. This article is a
contribution to the population genet-
ics of Lithuania.
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The original populations of the Baltic
Sea region have widely different cul-
tural and linguistic origins (figure 1,
A). Thus those on the western (Scandi-
navian) side speak Germanic lan-
guages, whereas those on the eastern
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(Baltic) side speak Baltic or Finno-
Ugric languages.

Balts who gave rise to the Lithua-
nians were in ancient times sur-
rounded by other Baltic tribes, who
spoke closely related languages and
did rarely come into contact with non-
Baltic tribes. Having lived for a long
time far from foreign influences, the
future Lithuanians preserved the an-
cient social structure and also the ar-
chaic nature of their language [5].

The Lithuanian language is a de-
scendant from the Baltic branch of the
Indo-European family. Baltic lan-
guages originated from the Proto-
Indo-European language region from
which also the Slavic and Germanic
languages descended. Only two lan-
guages of this branch have survived to
the present day: thhuaman and Lat-
vian. o
In pre- hlstomc tlmes the Baltic
languages were spoken in a large area
from the Vistula in the west and to the

Dnepr River Basin and the upper.

reaches the Volga, the Oka and the
Moscow rivers in the east (figure 2). In
the period between 4000 YBP and
3000 YBP the Baltic tribes are be-
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Figure 1. A, European language groups. B, Lithuanian ethnolinguistic subgroups

lieved to have inhabited a larger terri-
tory than the Slavic and the Germanic
peoples [5]. This large Baltic territory
was at that time covered by impene-
trable forests far from the major mi-
gration and trade routes. Thus the
Balts appear to have lived for a long
time in relative isolation. This facili-
tated the preservation of the original
Indo-European way of life, the ancient
cultural stratification and the ex-
tremely archaic language that had
hardly changed from the Proto-Indo-
European.

The West and East Balts began to }

diverge from one another around 3000
YBP and were finally separated
around 2400-2300 YBP. No West Bal-
tic tribes or languages have survived
to the present. After their separation

)

from the West Balts, the East Balts
continued to exist for about a thou-
sand years as a tribal group with some
internal differentiation.

In the middle of the first millen-
nium A.D. or somewhat earlier Slavic
tribes began to force their way into the
territory inhabited by the Balts. They
came suddenly, moved swiftly, per-
haps in several waves along the
Dnepr, Sozh, Desna and other rivers
in a north and north-easterly direction
into the very heart of the Baltic terri-
tory. They reached the present-day
Pskov-Novgorod region and in the
5th—6th centuries came into direct
contact with the northern neighbours
of the Balts, the Finno-Ugric tribes. In
this manner a deep Slavic wedge was
driven into the ancient Baltic territory

which was split geographically*into
the western portion — the historic
Prussian, Latvian and Lithuanian
lands — and the remaining Baltic
tribes in the east which were scattered
in a large sparsely inhabited area. The
Balts who remained were eventually
assimilated by the Slavs.

In the northern region of the East
Balts there was a considerable admix-
ture with Finno-Ugric tribes. Accord-
ing to available data, around 2500
YBP the Finno-Ugric tribes still in-
habited all of the northern Curonian
lands up to the Abava River, the Riga
shore and further to the east encom-
passing all of Latvia to the north of the
Daugava River. In the northern area
the Curonian, Semigalian, Selonian
and Lettigalian tribes and languages
began to merge. The fusion of these
tribes gave rise to the Latvian nation.
In the south the East Baltic tribes re-
mained and formed the Lithuanian
nation.

Lithuanians were first mentioned
in historical documents at the begin-
ning of the 11th century. At that time
the name Lithuania was most likely
not used for the entire present-day
Lithuanian region, but only for a por-
tion of it, most likely the territory be-
tween the Neris, Nemunas and Mer-
kys Rivers. The initial unification of
Lithuanian lands into one state proba-
bly took place somewhere in this vicin-
ity. To the south Lithuania bordered
to the old Yotvingian lands and to the
north it reached the lands of Zemai-
¢iai. To the southwest the early Lithu-
anians bordered to the West Balts —
the Prussian tribes. At that time a
very intensive consolidation of the re-
lated Baltic tribes (figure 2) took place.
This contributed greatly to the forma-
tion of the present-day Lithuanian di-
alects. The Curonian (in the west of
Lithuania) substratum had a particu-
larly distinct influence on the forma-
tion of the current Zemaitish dialect.
During the German invasion (in the
middle of the 13th century) many

‘Curonians were killed and many mi-

grated from their lands or were forc-
ibly moved to other areas. In almost
two hundred years of fierce battles be-
tween the Lithuanians and the Teu-
tonic Order, many of the older inhabit-
ants from Nadruva and Scalovia died
or retreated further from the battle
zone. The Yotvingian lands conquered
by the Teutonic knights were brutally
devastated and the Yotvingian terri-
tory became a wasteland, which was
resettled once the wars had subsided.
Into this territory came Lithuanians
and East Slavs (the Byelorussian an-
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Figure 2. Baltic tribes (A.D. 1200)

cestors) who had lived in the Grand
Duchy of Lithuania.

During later centuries the Lithua-
nian State (Grand Duchy of Lithua-
nia) was gradually loosing its territory
and finally its independence. Lithua-
nian tribes consolidated in the area of
the present-day Republic of Lithuania
(gained independence in 1918 and re-
gained it in 1990). Thus the contempo-
rary population of Lithuania, which is
an object of the present study, is com-
prised of a complex mixture of former
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Baltic tribes and states. The main pe-
riods in the formation of the Lithua-
nian population are shown on figure 3.

Since the Neolithic period the na-
tive inhabitants of the Lithuanian ter-
ritory have not been replaced by any
other ethnic group. In other words, the
roots of the present-day Lithuanian
population are deep and the probabil-
ity that the inhabitants of the pres-
ent-day Lithuania have preserved the
,ancient genetic composition is high

[6l.

The first people in the south-eastern Baltic area
13.000-12.000 YBP (after the last glacier 16.000 BP)

Invasion of the Indo-Europeans.
Formation of the Baltic tribes
5.000 YBP

Formation of the Baltic tribe unions
~1500 YBP

Figure 3. The main periods in the formation of the Lithuanian population. YBP,

years before present
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DATA USED IN THIS REVIEW

Blood samples were collected from un-
related individuals from six ethnolin-

‘guistic_subgroups: North Zemaidiai,

West Zemaiéiai, South Zemaidiai,
East Aukstaidiai, West Aukstaiciai,
and South Aukstaidiai [5]. These six
subgroups later were grouped into two
main regions of Lithuania: Zemai&iai
and Aukstaiéiai (figure 1, B) according
to Z. Zinkevicius [5].

In this review the following genetic
systems are discussed:

1) Blood groups: A1A2B0, Rh (C, c,
D, E, e), MNS, P, Lutheran (Lu), Kell,
Lewis, Secretor (FUT2), Duffy (Fy),
Kidd (Jk), Landsteiner Wiener (LW),
Colton (Co);

2) Serum proteins: TF, Ge, al-AT;

3) mt-DNA RFLPs (Hpal, BamHI,
Haell, Mspl, Avall, Hincll) and hy-
pervariable region I (HVI), RSAl
RFLPs;

4) Frequency distribution of:

a) CFTR gene mutation ADF508,

b) PAH gene mutation
R408W/RFLP haplotype/VNTR/STR
minihaplotypes,

c) peripherin/RDS gene mutations
Glu304Gln, Lys310Arg and
Gly338Asp,

e) CMKBRS5 gene mutation ADccrd
[71,

f) recent Alu insertions: ACE,
TPA25, APO, FXIIIB, A25, PV92, D1,
B65, HS2.43, HS4.14, HS3.23,
HS4.32, HS4.59, HS4.65, HS4.69,
HS4.75;

5) Y chromosome haplotype varia-
tion according to 11 biallelic markers:
92R7, SRY-1532, DYS257, YAP,
SRY-2627, M9, sY81, Tat, SRY-8299,
12f2, L1.Y22g.

GENETIC VARIATION BETWEEN
DIFFERENT LITHUANIAN
ETHNOLINGUISTIC SUBGROUPS

Data on some allelic frequencies in the
Lithuanian ethnolinguistic subgroups
are summarized in tables 1 and 2
[8-15]. Table 1 shows some selected
allele and haplotype frequencies of dif-
ferent blood group systems.

The A2 gene in the A1A2B0 system
was most frequent in the South Auks-
taiéiai, while in the West and North
Zemaigiai it was not significantly less

frequent (p>0.05) [12, 16]. There was a-

possible gradient (northwest to south-
east) of the A2 frequency. The absolute
values of the A2 frequencies were low
compared to Finns and Swedes.
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Table 1. Blood group markers in Lithuanian ethnolinguistic subgroups [8, 11, 12]

f ede 1 Ms.
(AIAZ2BO)| (Rh) | (MNSs)
©D®» | Sy | SD) | 8D | D)

1o | Jka | LW |
i) | FUTD) | LUK | W)

& | e | e» | s»

0.0293 | 0.4504 | 0.3806 | 0.4284 0.005"7
| (0.0103) | (0.0281) | (0.0234) | (0.0310) | (0.004)

(0.0108)

0.0289 | 0.3703
(0.0090) | (0.0208) | (0.0386) | (0.0265) | (0.0267) | (0.0132)

0.0447 | 0.4032 | 0.2726 | 0.5064 | 0.0195 | 0.0430 | 0.0520 | 0.3644
(0.0147) | (0.0336) | (0.0249) | (0.3421) | (0.009) | (0.0127) (0.0141) | (0.0233) | (0.0440) | (0.0312) | (0.0312) | (0.0137)

] 0.0506 | 0.4773 | 0.3177 | 0.3421 | 0.0303 | 0.0417 | 0.0346 | 0.3371
1 (0.0156) | (0.0307) | (0.0270) | (0.0327) | (0.011) | (0.0123) (0.0113) | (0.0232) | (0.0437) | (0.0300) | (0.0308) | (0.0099)

0.6825 | 0.4400 | 0.5200 | 0.0657

0.6298 | 0.4766 | 0.5195 | 0.0508

0.6768 | 0.3902 | 0.5144 | 0.0265

0.0282 | 0.4867 | 0.2985 | 0.4749 | 0.0131 | 0.0327 | 0.0468 | 0.3792
(0.0106) | (0.0293) | (0.0287) | (0.0344) | (0.0065) | (0.0018) (0.0122) | (0.0226) | (0.0419) | (0.0285) | (0.0286) | (0.0151)

ith| 0.0316 | 0.4145 0.2683 | 0.3746 | 0.0177 | 0.0355 | 0.0785 | 0.3151
(0.0118) | (0.0321) | (0.0288) | (0.0328) | (0.0079) (0.0110) | (0.0158) | (0.0231) | (0.0418) | (0.0298) | (0.0295) (0.0142)

0.0243 | 0.4629 | 0.2426 | 0.4883 | 0.0250 | 0.0200 | 0.0887 | 0.3742
(0.0121) | (0.0381) |'(0.0256) | (0.0429) | (0.011) (0.0099) | (0.0206) [ (0.0273) | (0.0495) | (0.0351) | (0.0351) (0.0161)

0.7205 | 0.4608 | 0.5131 | 0.0752

0.6654 | 0.4929 | 0.5674 | 0.0603

0.6081 | 0.4400 | 0.5550 | 0.0550

2 Frequency; b Standard deviation

Table 2. Some serum protein and DNA markers in Lithuanian ethnolinguistic subgroups [11, 8, 9, 14, 13]

0.073210.073210.1098|0.6585]0.0854|0.1341|0.03660.0122| 0.2300

110.7727|0.1273|0.0778|0.0654|0.6168 0.1500|0.1000{0.0045|0.0000| 0.3400

10.8144/0.1082|0.0773(0.1082|0.6546|0.1649(0.0722|0.0108|0.0155| 0.3300

0.1100 | 0.40 0.550 0.925 | 0.075 | 0.050
0.1400 | 0.300 | 0.550 | 0.975 | 0.300 | 0.125

0.0900 | 0.425 | 0.875 | 0.950 | 0.825 | 0.050

0.300 | 0.400 | 0.050 | 0.050 | 0.100

0.400 | 0.300 | 0.050 | 0.100 | 0.250

0.450 | 0.750 | 0.100 | 0.150 | 0.100

3: 0.760010.1400(0.0950(0.1000|0.6000{0.2200|0.0550|0.0200|0.0050| 0.2500
1th10.7431(0.1600(0.0963|0.0596|0.6835|0.1651|0.0688|0.0229|0.0183| 0.3200

N° N N N N N N N N | 0.3300

0.0600 | 0.375 | 0.625 | 0.925 | 0.175 | 0.025

0.1200 | 0.525 | 0.550 | 0.975 | 0.150 | 0.100

0.1100 | 0.305 | 0.475 | 0.875 | 0.200 | 0.075

0.150 | 0.750 | 0.150 | 0.150 | 0.050

0.350 | 0.400 | 0.050 | 0.100 | 0.200

0.300 | 0.550 | 0.150 | 0.200 | 0.150

Frequency (%):

e F1BUTE 4. Prevalence rate of the % allele (A1A2B0 blood group system) in Europe

The frequency of blood group B
(IB allele), which is a marker of east-
ern (Asiatic) influence, is relatively
high in the Balts (figure 4).

The frequency of the Rh haplotype
cde was very high in the Lithuanian
ethnolinguisitc subgroups with a max-
imum value in the North Zemai¢iai
(figure 5) [12, 16].

The frequency of the Ms haplotype
of MNSs blood group system varied
around 30% in the Lithuanian sub-
groups. In East Aukstaiciai subgroup
it was higher although not signifi-
cantly (p>0.05) than in the other sub-
groups. This subgroup is geographi-
cally close to East Latvians, who have
a relatively high Ms haplotype fre-
quency in comparison to Lithuanians.
Thus the high frequency of Ms in the
East Aukstai¢iai may be due to admix-
ture with Latvians.

The frequency of P1*1 allele
(P blood group system) also varied in
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Frequency (%):

Figure 5. Prevalence rate of the cde (Rh-) haplotype (Rh blood group system) in

Europe

Lithuania in a relatively wide range.
The lowest its value was found in the
South Aukstaidiai subgroup (34.21%)
and it was statistically significant
(p<0.01) in comparison to other ethno-
linguistic subgroups. This frequency is
more than 10% lower than in other
populations of northern Europe [17].

The frequency of Lu, gene (Lutheran

blood group system) varied in the
range of 1%-2% in most European
populations. The value was found in
East Aukstaiéiai subgroup was partic-
ularly low (p>0.05).

The frequency of KKpb Ul(A) gene
(Kell blood group system) showed very
little variation in the Zemaigiai and
Aukstaiéiai (around 3% and 4%). The
frequency of Cob gene (Colton blood
group system) varied between.2% and
8% in the Lithuanian subgroups, and
was lower in the Aukstaidiai although
statistically not significant. The fre-
quency of the le allele (Lewis blood
group system) appeared to be rather
uniform in the Lithuanian population.
The Aukstaiéiai group was found to be
homogeneous with respect to the fre-
quency of the
FUT2 gene

Figure 6. Frequencies (%) of the LWP allele (Lansteiner Wiener
blood group system) in Lithuanian ethnolinguistic groups

(Secretor blood
group system)
while Zemaiéiai
were more vari-
able. The fre-
quency of the Fya
allele (Duffy
blood group sys-
tem) was similar
to European fig-
ures with excep-
tion for a lower
(although statis-
tically not signif-
icantly) value in
the South Auks-
taidiai. The fre-
quency of the Jka
gene (Kidd blood
group system)
showed a very
small variation
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between Lithuanian ethnolinguistic
groups.

The results for the Landsteiner
Wiener blood group system are very
interesting and deserve special atten-
tion. The frequencies of LW pheno-
types and the LWb allele in the six
Lithuanian ethnolinguistic subgroups
are shown in figure 6 [11, 15]. In all
population samples there was a good
agreement between observed and ex-
pected phenotype frequencies assum-
ing a Hardy—-Weinberg equilibrium.
The LWb allele frequency varied be-
tween 7.5% in the North Zemaigiai
and 2.7% in the South Aukstaiciai (fig-
ure 6). In the latter subgroup it was
significantly lower than in the rest of
Lithuania (p = 0.02). LWb is assumed
a Baltic “tribal’ gene [18]. Its peculiar
geographic distribution, relatively
high frequencies in the Balts and zero
or almost zero levels in Asiatic, Afri-
can and West European populations
makes this blood group very informa-
tive marker for a Baltic genetic influ-
ence, i. e. its presence in other popula-
tions in any appreciable frequency is
likely to be due to a Baltic admixture.
The finding of the highest LWb allele
frequency in the North Zemaidiai and
the lowest one in the South Aukstai-
¢iai is in agreement with the assump-
tion that the North Zemaidiai sub-
group is an autochthonous population
with Curonian influence in the North,
whereas the South Aukstaiéiai sub-
group in the south may involve some
influence from the Yotvingian gene
pool.

Data on some serum protein and
DNA markers are shown in table 2.
Comparison of the variation in the fre-
quencies of the allelic genes TF
(transferrin), GC (group-specific pro-
tein) and PI (a;-antitrypsin) (table 2)
shows that these frequencies only
slightly differ between the Zemaitiai
and Aukstaidiai. In two adjacent sub-
groups, the West Aukstaic¢iai and
South Zemaidiai low frequencies of the
GC*1F allele were found.

Direct DNA analysis also revealed
some variation in nucleotide sequence
variation in different Lithuanian sub-
groups. The peripherin/RDS gene
polymorphisms Glu304GIn+
Gly338Asp were detected in approxi-
mately 30% in the Lithuanian popula-
tion investigated [14]. Similar results
were obtained from the analysis of the
frequency of the polymorphisms

Glu304GIn+Lys310Arg+Gly338Asp of

this gene: East Aukstaiciai and North
Zemaiciai showed lower values.

The Lithuanian population was
also examined with respect to a num-
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Figure 7. Results of clustering' of the Lithuanian ethnolinguistic subgroups on

the basis of dermatoglyphic features
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Figure 8. Frequencies (per 10,000 population) of the al-antitrypsin (PI) gene al-
leles Z (red numbers) and S (black numbers) in the Baltic Sea region

Table 3. Frequencies of mtDNA ha.plotypesa in the Lithuanian population [20]

=
2-1-1-1-1-2 125 0.8117 0.791 0.889
2-1-1-1-8-2 2 0.0130 0.018 0
2.1-1-1-2-2 7 0.0454 0.064 0
2-1-2-1-1-2 5 0.0325 0.046 0
2-1-1-1-3-2 1 0.0065 0.009 0
2-3-3-1-2-2 3 0.0194 0.027 0
2-3-3-1-1-2 1 0.0065 0.009 0
2-1-6-1-1-2 1 0.0065 0.009 0
2.1.1:1.152 1 0.0065 0.009 0
2-1-12-1-2-2 1 0.0065 0.009 0
5-1-1-1-1-2 1 0.0065 0.009 0
2-1-4-1-1-2 1 0.0065 0.028
2-8-1-1-3-2 2 0.0130 0.055
2-3-12-1-1-2 1 0.0065 0.028

& Morphs are presented in the following order: Hpal-BamHI-Haell-Mspl-Avall-Hincll

® Number of individuals

e~ ——————

ber of Alu insertions [13, 19]. The fre-
quencies of insertions in the ethno-
linguistic subgroups varied independ-
ently without any distinguishable pat-
tern. Due to the small numbers in each
group (n=20) the power to detect sig-
nificant differences was low. However,
in agreement with some other mark-
ers TPA25 Alu insertion showed a sig-
nificant difference between the South
Aukstaiciai and North Zemaiéiai
(»=0.025).

Thus, analysis of genetic markers
in the six ethnolinguistic subgroups of
the Lithuanians shows that most of
the variation is insignificant and only
the South Aukstaidiai and North Ze-
maiéiai subgroups can be distin-
guished with some degree of certainty.
These two subgroups appeared to be
statistically distinguishable in some
cases. Moreover, the South Aukstai-
diai formed a definite cluster calcu-
lated from genetic distances according
to a number of dermatoglyphic fea-
tures and using different methods for
the estimation of genetic distance and
clustering (figure 7) [4].

In this context it is important to re-
call the background distribution of
Baltic tribes. It is likely that the ob-
served frequency variations of investi-
gated genes in different ethno-
linguistic subgroups reflect gene pools
of these original Baltic tribes. Thus,
an influence of the gene pool of
Curonians formerly inhabiting the
northwestern part of the present-day
territory of Lithuania might be pres-
ent in the contemporary North Zemai-
Giai. Also a genetic influence of the
Yotvingians — former inhabitants of
southern part of contemporary Lithu-
ania and the neighbouring territory of
Poland — may have caused the devia-
tion of South Aukstaiciai from the rest
of Lithuania.

Other minor genetic differences
observed between the two main
ethnolinguistic groups of Lithuanians,
Aukstaidiai and Zemaidiai. These two
groups have been developing for a long
time as two independent Baltic tribes
Lietuviai (Aukstaiciai) and Zemaiciai
and it is likely that their original gene
pools are reflected in the present-day
differences between these two ethno-
linguistic groups. Such differences are
particularly evident in the analysis of
mt-DNA RFLPs using restriction en-
zymes Hpal-BamHI-Haell-Mspl—
Avall-HincIl [20]. Only haplo-
type 1 appeared to be common for the
Aukstaiciai and Zemaiciai groups (ta-
ble 3) while other haplotypes were
found just in either Aukstaiciai or in
Zemaidiai.
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TF alleles: [ B2 DCHI

COMPARISON BETWEEN
LITHUANIANS AND OTHER
EUROPEAN POPULATIONS 160

>

Lithuanians and Latvians generally
show similar gene frequencies, but
there are also some differences e. g.
Latvians (especially Curonians) have
significantly higher frequencies of the 0
oal-antitrypsin (PI) deficiency alleles S
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gins, which may be one reason for the
finding of both western and eastern
genetic influences in the Balts. The
frequency of the blood group B, which
is a marker of eastern (Asiatic) influ-
ence, is relatively high in the Balts
(figure 4), but the frequency of the Rh-
negative gene (homozygosity for the
cde haplotype) is very frequent and
similar to that in the Basques (fig- 0.21
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Sweden Estonia Latvia Lithuania

and Baltic influence. Some genetic
transferrin variants, particularly .
TF*DCHI, are Finno-Ugric markers. | Figure9.Frequencies (per 10,000 population) of the transferrin (TF) alleles DCHI,
TF*DCHI is e. g. found in Finns and B2 (panel A) and C1, C2, C3 (panel B) in some European populations. N, no data
Estonians, but not in Latvians and
Lithuanians (figure 9, A). The previ-
ously mentioned blood group LWb is a
Baltic tribal marker, but interestingly
its frequency is also relatively high in
Estonians, Finns, Russians and Poles
suggesting a Baltic genetic influence
in the neighbouring Finno-Ugric and
Slavic populations (figure 9, A) [15].
The occurrence in Finns is in agree-
ment with the frequent occurrence of ol gt

Baltic loanwords in the Finnish lan- 0 s / iy AUSSIANS,
guage [18] and the import to Finland L ) AN 2.0
of the Battle-Axe culture from the Bal- ' |

tic area. _

The analysis of mitochondrial
DNA (mtDNA) has proved to be a use-
ful tool in our understanding of the
origin and migration patterns of Lith-
uanians. Direct sequencing of | | _-
mtDNA hypervariability region I T
(HV1) showed that 73% of the ob-
tained nucleotide sequences can be
classified to clusters defined by
M. Richards and colleagues [21]. The Swiss  -0.1 Japanese
remaining sequences presented nu- Belgians —0.0 Africans
cleotide substitutions, which did not s T T
allow associating them with | Figure 10. Frequencies (%) of the LW" allele (Lansteiner Wiener blood group sys-
certainity to any cluster. Sequences | tem) in the Baltic Sea region (A) and some other populations (B)

o

i
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of almost all major European clusters
were found in Lithuanians [22]. The
frequency of the most common clus-
ter H seems to be lower in the popula-

tion of Lithuania in comparison with
other European populations, while
sequences of more ancestral cluster U
are more frequent [22].
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Figure 11. PC analysis of Y-chromosomal haplogroups diversity [24]. A, PC2 plot-
ted against PC1. B, PC3 plotted against PC2

The percentage of variance explained by each component is given on the axes. Linguistic
affililation for each population is indicated symbolically; the Belgian sample is part
Dutch-/part French-speaking and has a hybrid symbol. Abbreviated population names:
alg = Algerian; arm = Armenian; bas = Basque; bav = Bavarian; bgm = Belgian;
brs = Belarussian; bul = Bulgarian; chu = Chuvash; cyp = Cypriot; cze = Czech; dk = Dan-
ish; ene = east Anglian; enw = Cornish; est = Estonian; fin = Finnish; fra-= French;
geo = Georgian; ger = German; gk = Greek; got = Gotlander; hun = Hungarian; ice = Icelan-
dic; irl = Irish; ita = Italian; lat = Latvian; lit = Lithuanian; mar = Mari; naf = northern Af-
rican; nor = Norwegian; oss = Ossetian; pol = Polish; pon = northern Portuguese;
pos = southern Portuguese; rom = Romanian; rus = Russian; saa = Saami; sar = Sardinian;
sem = Scottish; sew = western Scottish; slk = Slovakian; sln = Slovenian; spa = Spanish;
swe = northern Swedish; tur = Turkish; ukr = Ukrainian; yug = Yugoslavian. Red arrows

st POING to the data from Lithuanian population

Polymorphic biallelic and micro-
satellite DNA markers specific to the
Y chromosome have been already re-
cognised to be highly variable in hu-
man evolutionary studies and popula-
tion genetics. The distribution of
haplogroups frequencies showed very
small variation between Lithuanian
ethnolinguistic groups [23]. The high-
est frequency was found for the haplo-
group 3 (46%), haplogroups 16,2 and 1
were less frequent (36%, 13% and 5%,
respectively) [23]. Comparison of
Lithuanian population with other Eu-
ropean populations was made on the
basis of principal component (PC)
analysis. Such analysis allows to dis-
play graphically, in a few dimensions,
the maximum amount of variance
within a multivariate data set, with
minimal loss of information. The re-
sults of PC analysis of the data on hu-
man Y-chromosome haplogroups are
shown in figure 11, in which popula-
tion are labelled according to linguis-
tic affiliation. PC1-PC3 summarise
71.4% of the variance [24]. Y-chromo-
somal diversity within the popula-
tions surrounding the Baltic Sea
shows good agreement between geo-
graphical and genetical data (fig-
ure 12) [25].

mtDNA and Y-chromosomal diver-
sity shows that Lithuanian population
is an old homogeneous group residing
on its territory for a long period of
time.

Variations in the prevalence rates
of inherited diseases are also informa-
tive in studies of population genetics
and ethnic heterogeneity. Investiga-
tion of PAH gene mutation R408W in
phenylketonuria patients has shown
it to be the most frequent one not only
in Lithuania but also in the popula-
tions of East, Central and Southwest
Europe [26]. Analysis of the possible
origin of the mutation R408W on the
basis of RFLP, VNTR and STR
haplotypes [27, 28] has led to the con-
clusion that this mutation is most
likely of the Baltic origin (table 4),
bearing in mind the wider distribution
of the Baltic tribes in Europe several
thousand years ago when initial muta-
tion arose and haplotypes were
formed [28].

Another interesting case is the
prevalence rate of the CFTR gene mu-
tation ADF508 in the Lithuanian cys-
tic fibrosis (CF) patients. CF is a
rather common inherited disease and
ADF508 is the most common mutation
causing this disease. Investigation of
the carrier status for this mutation in
a population screening revealed that
its frequency was 1:120 in Lithuania
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Table 4. Association between VNTR/STR minihaplotypes and PAH mutations in chromosomes of Baltic (B), Slavic (S), Ta-

tar (T) and unknown (U) origin in the Lithuanian population

3/236 4(B) (4%) 1(B)
1(U)
3/240 65(B) (68%)
19(S) (68%)
3(U)
3/244 4(B)
3/248 1(B) 3(B) (3%) 3(B)
3/252 1(B) B:
7/236 1(S) 1(B) 96%
7/240 1(U) 1(B)
7/244 1(B) 1T)
7/248 1(B) 1(B)
8/228 1(S) 1(B) 1(B)
8/232 1(B)
8/236 1(B)
8/240 1(S) B:
8/244 1(B) 1(B) 1(S) 4%
8/248 1(B)
9/236 1(S)
9/248 1(B) 3(S) gé%
9/252 1(S)
[29, 30] while it is much higher in | CONCLUDING REMARKS groups of the Lithuanians. In both

other European populations, e.g. 1:38
in Denmark [31]. The relative fre-
quency of this mutation in CF patients
is 39% in Lithuania, 45% in Sweden
and Finland, 55% in Poland, 71% in
Germany, 87% in Denmark [32], thus
the lowest was found in Lithuania in
comparison to other European popula-
tions investigated.

In summary it can be pointed out that
the haplotype and allele frequencies
are not randomly distributed among
the Lithuanian ethnolinguistic sub-
groups showing more or less clear pat-
terns of distribution, which are associ-
ated with the differentiation of these
subgroups in present-day Lithuania.
A quite distinct pattern was found for
the South Aukstaitiai and North Ze-

maiciai, which can be

Swedes

Swedes
(Gotland)

Estonians

0.10 Latvians

Figure 12. Phylogenetic tree according to Y-chromosome
haplogroup 16 of north, east and south populations of the
Baltic Sea region

Saamis

Finns

Lithuanians

explained by their
historical back-
ground together with
a marked and long
standing genetic iso-
lation from other pop-
ulations.

The Zemaidiai
- ethnolinguistic group
is more homogeneous
according to the ge-
netic markers data
both within the
North, West and
South subgroups and
between these.
Among the Zemaitish
and AuksStaitish
parts of Lithuania
there is a significant
heterogeneity. The
distribution of
mt-DNA RFLP types
differed between
these two main

)
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groups type 1 was the most common
one. In the Aukstai¢iai there were
10 additional types in altogether 23 in-
dividuals. In the Zemaiéiai group none
of these types was found. On the other
hand, there were three mt-DNA types
in the latter group not found in the for-
mer one.

According to the data on rare genes
causing inherited diseases, mutations
that are the most frequent in the Lith-
uanian population often appear to be
also the most frequent in Europe (e. g.
PAH gene mutation R408W), the least
frequent in Europe (e. g. CFTR gene
mutation ADF508) or their frequency
values take an intermediate position
in the established gene frequency gra-
dient [7].
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Santrauka

I.IETUVIU GENAI IR GENU
GEOGRAFIIA

Vuiduﬁs Kutinskas

Pagrindinis 8io straipsnio tikslas — ap-
Zvelgti Siuolaikines Zinias apie lietuviy
popuhacuos genetinius ypatumus. Lietu-
viy populiacijos genetine diferenciacija ir
lietuviy bei kity Europos populiaciju ry-
giai buvo analizuojami kraujo grupiu, se-

rumo baltymuy polimorfizmo ir DNR Zyme-
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