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This article presents a review on population genetics of Latvians, which alongside Lithuanians are
the two extant Baltic speaking populations. The article provides a description of genome-wide sin-
gle nucleotide polymorphism (SNP) data and contains a comparative analysis of the results of
studies performed on classical autosomal genetic markers, mitochondrial DNA (mtDNA) and the
non-recombining part of the Y chromosome (NRY), with data on neighbouring populations. The
study also covers data of recently performed ancient DNA (aDNA) studies carried out on samples
from the territory of today’s Latvia. The results of population genetic studies have shown a mix-
ture of eastern and western genetic traits in present-day Latvians with only small differences be-
tween Latvian subpopulations. Studies of the Baltic “tribal gene” LW", as well as the gene’s
SERPINAT1 allele PIZ have indicated the presence of a considerable Baltic admixture in the
neighbouring Finno-Ugric and Slavic populations. Although mtDNA analyses have shown that
Latvians genetically in general belong to the same common gene pool as most of the Europeans,
the Y-chromosomal lineage composition suggests that they are most similar to Northern and
Eastern European populations of Lithuanians, Estonians, and Eastern-Slavic populations, which
are ethnogenetically closest to them. The analysis of aDNA from the Early and Middle Neolithic
did not present any genomic evidence of gene-flow from Central European farmers or any mito-
chondrial or Y-chromosomal haplogroups that are typical for them in the hunter-gatherers from
the territory of today’s Latvia and Lithuania.
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INTRODUCTION

Contemporary people of North-Eastern European popula-
tions, including Latvians, genetically are very similar to the
neighbouring populations. Principal component (PC) analy-
sis of more than 270 000 autosomal SNPs in 3112 individu-
als from general populations across 16 European countries
resulted in the development of genetic maps with four clus-
ters displaying the Baltic region (Estonia, Latvia, and
Lithuania) in the same cluster with Western Russia and Po-
land (Nelis et al., 2009; see below for details). However,
there are several issues concerning Latvian ethnogenesis
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that remain unanswered, such as: differentiation of regional
subpopulations, paternal and maternal population history,
migrations affecting the region from external and internal
population events, genetic admixture with neighbouring
populations and identification of genetic markers that can
distinguish Finno-Ugric, Slavic and Baltic influences in the
Baltic Sea region.

HISTORICAL BACKGROUND

The early inhabitants of the Eastern Baltic region were rein-
deer hunters who arrived to this territory after the retreat of
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the continental ice sheet ~12 000 years before present
(YBP, all data calibrated), at the end of the Last Glacial pe-
riod (Gimbutiene, 1994; Zagorska, 2012; Bérzin$ and
Vasks, 2013). The present-day territory of Latvia evidently
represented the northernmost limit of the distribution of
these hunter groups on the eastern shore of the Baltic Basin.
All findings indicate that reindeer hunters reached the area
of present-day Latvia from southern periglacial refuges in
the course of repeated seasonal migrations. Their groups
were small and mobile (Zagorska, 2012). As climatic condi-
tions improved ~7500-10 000 YBP, the first stable settle-
ments in the Eastern Baltic region appeared (Gimbutiene,
1994; Radins, 2012; Bérzips and Vasks, 2013). The most
ancient settlements in southern Lithuania are some 2000
years older than the first settlements in Latvia and Estonia
(Rimantiene, 1996). The Neolithic transition in
North-Eastern Europe is thought to have been slower and
more gradual than in Western/Central Europe and to have
involved little if any migration of early farmers from Cen-
tral Europe (Jones et al., 2017; Mathieson et al., 2017;
Mittnik et al., 2017a). There is a suggestion that the Eastern
Baltic was a genetic refugium for hunter-gatherer popula-
tions during the Neolithic period (Malmstrom et al., 2009;
Lazaridis et al., 2014; Mittnik et al., 2017a). The persis-
tence of hunter-gatherer ancestry in the Baltic region until at
least the Middle Neolithic provides a possible source for the
resurgence of hunter-gatherer ancestry in Central Europe
from 7000 to 5000 YBP (Haak et al., 2015). From the Neo-
lithic onwards, archaeological and historical records reveal
contacts between populations of North-Eastern Europe and
other groups. Finno-Ugric tribes arrived to the Baltic region
from the East/South East ~6000-5000 YBP (Sedovs, 2004).
These tribes are regarded to be the ancestors of modern Es-
tonians. The next migration wave came from the South
~1000 years later. These were steppe pastoralists —
South-Eastern European populations who spoke the
Indo-European language — Proto-Balts who are considered
as the predecessors of ancient Prussians, Yotvingians, as
well as the present-day Latvians and Lithuanians (Cesnys,
1991; Sedovs, 2004; Radin§, 2012). There is a
near-consensus among linguists that the Baltic and Slavic
languages stem from a common root, Proto-Balto-Slavic,
which separated from other Indo-European languages
~4500-7000 YBP (Bouckaert et al., 2012, Haak et al.,
2015). The split between Baltic and Slavic branches has
been dated to around 3500-2500 YBP (Gray and Atkinson,
2003; Novotna and Blazek, 2007; Bouckaert et al., 2012).
Proto-Balts pushed the Finno-Ugric populations up north,
and in the territory of the present-day Latvia and Lithuania
the Finno-Ugric and other ethnic groups were assimilated
into the Indo-European-speaking main Baltic population.
The major Finno-Ugric tribes that have inhabited the Baltic
region are the Finns, the Estonians and the presently almost
completely assimilated Livs, who previously settled around
the Gulf of Riga, i.e. in present-day south-western Estonia
and north-western Latvia. The expansion of the Baltic tribes
northwards and eastwards marked the beginning of contacts
between Baltic and Finno-Ugric populations and their lan-
guages. The contact zone was impressive — starting from
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Fig. 1. The map of the territory with Baltic hydronyms (Gimbutiene,
1994).

the Baltic Sea in the West to the upper reaches of the Oka
and Volga rivers in the east — see the map of Baltic
hydronyms (names of rivers, lakes and other bodies of wa-
ter given in Fig. 1). The eastern stem of the Balts, who did
not succeed to survive till historical times, had linguistic
contacts with the tribes of Mari and Mordvins (Mordvi).
The influence of the Baltic languages on Finnish is evident.
For instance, there are about 1.1% of Balticisms in modern
Finnish (Hakulinen, 1961). The differentiation of the Baltic
tribes was completed around 2000-1500 YBP. According to
the available data, around 2500 YBP Finno-Ugric tribes still
inhabited the northern Curonian lands up to the river Abava,
the Riga shore and practically the entire territory of Latvia
northwards from the Daugava River. Curonian, Semigalian,
Selonian, and Latgalian tribes and languages began to
merge in the southernmost areas. The fusion of these tribes
gave rise to the Latvian nation (Vasks et al., 1997). The
Lithuanian nation was formed south of Latvia (Kucinskas,
2001). In the middle of the 1% millennium AD, Slavic
tribes, representing another group of Indo-European lan-
guage speakers, arrived to the Baltic territory coming along
the Dnieper, Desna, and other rivers (Sedovs, 2004). The
ancient Baltic territory was split into the western and east-
ern parts, the former comprising Old Prussian, Latvian, and
Lithuanian lands, and the latter — the remaining Baltic
tribes. The eastern Balts were eventually assimilated by
Slavs; however, the degree of assimilation differed from re-
gion to region (Fig. 2). Thus, the contemporary population
of Latvia, the focus of this review, is composed of a com-
plex mixture of former Baltic tribes, with varying influences
from Finno-Ugric and Slavic sources. Mostly due to the
strategic location, since medieval times the territory of Lat-
via was a frequent focal point for conquests among Ger-
many, Poland, Sweden, and Russia.

The Baltic Sea has been a considerable geographical hurdle
to human migration in prehistoric times when changes in
the genetic constitution due to migration were most pro-
found. This is reflected by the differences between popula-
tions on the western (Swedish) and eastern (Finnish and
Baltic) side of the Baltic Sea with respect to cultural, lin-
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Fig. 2. Baltic tribes in the 13th century. Adapted from Gimbutiene (1994)
and Kucinskas (2001).
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guistic and genetic characteristics. The original populations
on the eastern side of the Baltic Sea speak Finno-Ugric or
Baltic languages, whereas those on the western side speak
Germanic languages. Although the Baltic Sea has been a
geographical barrier to human migration in the past, ar-
chaeological and historical evidence indicate that particu-
larly from about 500 AD there have been lively contacts be-
tween the peoples of the Baltic Sea region.

ESTONIA

3B

GENETIC STUDIES OF LATVIANS

Genetic studies of Latvians were started in the first decades
of the 20" century with exploration of blood groups and
different anthropological features. A high frequency of
blood group B (marking eastern influence) combined with
high frequency of Rh-negative blood group (West European
trait) was found (Primanis, 1937; Cauna, 1942). Contempo-
rary molecular genetic investigations of the Latvian popula-
tion were begun only ~20 years ago. Over the last decade,
the ability to investigate population genetic structure has
been significantly enhanced by advances in high-throughput
genotyping technologies, as they allow simultaneous geno-
typing of hundreds of thousands of polymorphic markers.

This review deals mainly with the results obtained on unre-
lated healthy ethnic Latvians representing anthropologi-
cally, archaeologically, and ethno-linguistically four differ-
ent regions of Latvia: Northern Courland (Lat. Curonia)
(North-Western region, NW), Southern Courland (South-
Western region, SW), Semigalia (Central region, CE) and
Vidzeme/Latgalia (Lat. Lettgallia) (Eastern region, E)
(Denisova, 1975; Denisova, 1997, Fig. 3A), who have been
inhabitants of each of these regions for at least three genera-
tions.

Results of studies performed on autosomal genetic markers
(genome-wide single nucleotide polymorphisms and classi-
cal autosomal genetic markers), mitochondrial DNA
(mtDNA) and the non-recombining part of the Y chromo-
some (NRY) will be considered and compared with the data
from neighbouring populations (Fig. 3B). Data on popula-
tions from some Western and Southern European countries
are included mainly for comparison. The uniparentally in-
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Fig. 3. Geographic location of Latvian and neighbouring subpopulations used in the reviewed population genetic studies. 3A, Latvian subpopulations: NW,
North-Western region (Northern Curonia (Courland)). Ancient territory of Livonians; CE, Central region (Semigalia). Ancient territory of Semigalians; SW,
South-Western region (Southern Curonia (Courland)). Ancient territory of Curonians; E, Eastern region (Vidzeme /Latgalia). Ancient territory of Latgalians;
3B, Lithuanian subpopulations (Kucinskas, 2001); 3C, Russian subpopulations: 1, Mezen district (Archangelsk Oblast); 2, Ustyuzhna district (Vologda
Oblast); 3, Staritsa district (Tver Oblast); 4, Sychevka district (Smolensk Oblast).
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herited mtDNA and NRY are two loci that have been exten-
sively studied in human populations, in part because they
represent maternal and paternal population histories and in
part because they do not undergo recombination and, there-
fore, lineages can be more easily traced back to a single
common ancestor. There are differences in the action of ge-
netic drift and natural selection on mtDNA and NRY loci as
compared to autosomal loci. Thus, a combination of
mtDNA and NRY loci with autosomal data is necessary for
a thorough understanding of population history.

Results of studies on ancient DNA samples are also in-
cluded because analysis of ancient DNA can provide infor-
mation on past population histories that is not retrievable
from contemporary individuals.

In this review, besides a description of genome-wide SNP
data, we will also focus on several autosomal genes. These
genes are chosen because of known regional frequency dif-
ferences in North-Eastern Europe. They give information
not only on the history of certain mutations, but also on
population migration routes in Eastern Baltic, possible se-
lective advantages of these mutations and their contribution
to diseases. For two autosomal diseases (cystic fibrosis and
phenylketonuria), phenotype (not allelic) frequencies have
been compared. Frequencies of the mentioned diseases are
given for the general (not ethnic) population.

AUTOSOMAL GENETIC MARKERS

Genome-wide single nucleotide polymorphisms (SNPs).
The ability to investigate population genetic structure has
been significantly improved over the last decade by ad-
vances in high-throughput genotyping technologies. Ge-
nome-wide analyses in human populations allow to unveil
the demographic history underlying the genetic patterns of
diversity observable today across the globe. In Europe the
strongest genetic differentiation has been found between the
north-west and south-east parts of the continent (Li et al.,
2008). Populations from North-Eastern Europe, incl. Latvi-
ans, are less represented in these studies.

As already mentioned at the beginning of the introductory
part, principal component (PC) analysis (PCA) of more than
270 000 autosomal SNPs genotyped with the Illumina Infin-
ium platform in 3112 individuals from general (but not al-
ways ethnic) populations across 16 European countries,
including 95 individuals from Latvia, resulted in a boomer-
ang-like structured genetic map of Europe with four clusters
displaying individuals from the Baltic region (Latvia,
Lithuania, and Estonia) in the same cluster with Polish and
western Russian samples (Fig. 4; Nelis et al., 2009).

Khrunin et al. (2013) examined the European population
structure with 166 000 autosomal SNPs and obtained an-
other genetic map of Europe (some populations from North-
Eastern regions of the European part of Russia, Komi,
Veps, Northern Russians were also included in the study).
In the space of the plotted first two principal components,
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Fig. 4. The European genetic structure (based on 273 464 SNPs) as re-
vealed by Principal Component Analysis (Nelis ez al., 2009).

Latvians clustered in close proximity to populations from
Central and Eastern Europe, demonstrating the highest simi-
larity with autosomal SNP profiles of Russians from the
central part of European Russia and Estonians (Lithuanians
were not included in the study). The relationships found
were similar with the results of ADMIXTURE ancestry
analysis, revealing a particular specificity of the Latvian
gene pool, which exhibited a lower proportion of the “Fin-
nic” ancestry component than in Estonians. Additionally,
Latvians had the highest proportion of non-specified yellow
component (there were no populations in the data set that
had only this component in their genomes), which was om-
nipresent throughout the studied European populations
(Khrunin et al., 2013).

Similar results of the genetic analysis of Balto-Slavic speak-
ing populations were obtained by Kushniarevich et al.
(2015), who demonstrated the proximity of autosomal
genome-wide SNP profiles of Latvians (six individuals ana-
lysed) and Lithuanians to East Slavs and Estonians. The re-
sults showed that Latvians and Lithuanians shared higher
number of segments that were identical by descent with the
combined group of east-west Slavs than in other non-Slavic
people did (Kushniarevich et al., 2015).

Results on high-coverage whole-genome sequence studies
performed on three present-day Latvians are included in the
dataset of Estonian Biocentre Human Genome Diversity
Panel (Pagani et al., 2016). The dataset was analysed for
numerous parameters, including shared ancestry, archaic
admixture, and changes in effective population size through
time. These analyses have shown that Latvians are located
in the North European genetic cluster with highest similar-
ity to Lithuanians.
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As it was already mentioned in the Introduction, informa-
tion on past population histories can be provided by ge-
nomes obtained from ancient biological remains. Recently
performed genome-wide ancient DNA (aDNA) studies have
revealed a complex population history of modern Europeans
involving at least three major prehistoric migrations (Laza-
ridis et al., 2014; Allentoft et al., 2015; Haak et al., 2015;
Saag et al., 2017). While these events are relatively well de-
scribed in Central and Southern Europe, their genetic im-
pact on North-Eastern Europe is not so extensively studied.

Data of recently performed genome-wide analyses of 30
Latvian ancient DNA samples are presented in Table 1.
PCA comparison of 15 Latvian Mesolithic and Early Neo-
lithic samples with data of ancient Western European
hunter-gatherers (WHG) and Eastern European hunter-
gatherers (EHG) as well with the genomic data of modern
Europeans showed clustering of ancient Latvian samples
between WHG and EHG (with closer affinity to WHG than
to EHG) as well as their location close to modern Northern
and Eastern European populations (Jones et al., 2017;
Mathieson et al., 2017; Fig. 5). These data allow to suggest
some genetic continuity in this region since the Mesolithic
period. Similar results were obtained also for ancient Lithu-
anian samples (Mathieson et al., 2017; Mittnik et al.,
2017a). Remarkable changes in the genetic data are ob-
served in the samples from the period between the Early
Neolithic and the Middle Neolithic, when clear influence
from exogenous Northern Eurasian populations is observed
(Jones et al., 2017; Mathieson et al., 2017), and also, Late
Neolithic and Bronze Age samples show impact from the
Pontic Steppe populations (steppe pastoralists). There are
no signs of Anatolian farmer-related genetic input on popu-
lations of Latvia and Lithuania at least until the end of the
Bronze Age (Jones et al., 2017; Mathieson et al., 2017;
Mittnik et al., 2017a). Remarkably, the Steppe-related ge-
netic impact coincides with the proposed emergence of
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Fig. 5. Principal component analysis (PCA)
and ADMIXTURE analysis of ancient Lat-
vian DNA samples (adapted from Jones et
Ansiolian Nesithic al., 2017). 5A, ancient DNA data presented
in the study as well as published ancient
DNA data are projected onto the first two
principal components defined by selected
modern Eurasian data; 5B, ADMIXTURE
ancestry components for ancient DNA sam-
ples showing that the Latvian Neolithic sam-
ples do not have the yellow component that
st dominates in Anatolian and early European
farmers. The Latvian and Ukrainian samples
presented in the study are displayed in a gray
box and at twice the height of the other an-
cient samples for ease of visualization. The
arrow shows an Estonian Bronze Age sample
(RISE00) (Allentoff ef al., 2015) that has a
yellow component. MN, Middle Neolithic;
LN, Late Neolithic; N, Neolithic; HG,
hunter-gatherer; BA, Bronze Age; W, West-
ern; C, Central.

Indo-European languages in the Baltic region (Bouckaert et
al., 2012; Haak et al., 2015).

Genome-wide analysis of polymorphisms presents a general
conception about relationships and evolutionary trajectories
of population formation. In addition, population analysis of
local genomic regions may provide information about his-
torical traces of particular lineages within populations.

Gene CFTR, allele AF508. Gene CFTR (OMIM *602421)
encodes protein CFTR — cystic fibrosis transmembrane
conductance regulator, which acts as a chloride ion channel.
Mutations in the gene cause cystic fibrosis (CF; OMIM
#219700), one of the most common severe autosomal reces-
sive disorders in populations of Northern European ancestry
in most countries, affecting 1 in 2000 to 4000 individuals
(Table 2). Gene mutations affect the salt and water balance
of the mucus layer lining epithelial surfaces mostly in the
lungs and pancreas. The major cystic fibrosis mutation is
AF508 (delta-F508) deletion of three base pairs at codon
508, which results in a loss of the amino acid phenylalanine
in the protein. The incidence of AF508 carriers among
healthy Latvians is 1 : 42, which corresponds to the fre-
quency of AF508 mutation carriers in most North European
populations (Krumina ef al., 2001b). This mutation was
found in 61.3% of chromosomes in the overall CF patient
population in Latvia. The incidence of CF as well as of
AF508 varies markedly among different populations. There
is a north-west/south-east gradient in the incidence of CF
throughout Europe, with the highest incidence found in Ire-
land and England (1/1353 and 1/2381; Farrell, 2008), and
the lowest in Finland (1/25 000; Farrell, 2008). To trace the
history of AF508 in Latvia the association of AF508 with
five polymorphic DNA markers was studied. The haplo-
types observed on AF508 CF chromosomes were the same
as in other populations. Distribution of haplotypes found in
the Latvian population, together with frequencies of AF508
mutation, is intermediate between Northern- and South-
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RESULTS OF GENOME ANALYSIS FROM ANCIENT LATVIAN DNA SAMPLES

Table 1

Sample’s code Cemetery/burial6 Sample’s age Cultural attribution Mean genome | Gene’s mtDNA NRY haplogroup
(cal YBP)* coverage MCM6 | haplogroup
ancestral
allele

Zvej302 Zvejnieki 305 8240 =70 Mesolithic 2.43 nda USa2c Rlblala
hunter-gatherers

Latvia HG1', Zvej32? Zvejnieki 313 7525 + 60 Mesolithic 138',3512 ++4* Usalc'? Female
hunter-gatherers

Zvej 10 Zvejnieki 67 7140 = 40 Mesolithic 3.76 nda USa2c Rlblala
hunter-gatherers

Latvia HG2!, Zvej25> Zvejnieki 93 6840 + 55 Mesolithic 437',054> ++4* U2el!,? R1blb', Rlblala®
hunter-gatherers

Zvej20? Zvejnieki 86 6815 + 40 Mesolithic 3.78 nda Usbldl Rlblala
hunter-gatherers

Zvej122 Zvejnieki 128 6530 =35 Mesolithic 3.48 nda USa2d Rlblala
hunter-gatherers

Zvej32 Zvejnieki 52 Not dated Mesolithic 4.42 nda US5b2ala Qla2
hunter-gatherers

Zvej42 Zvejnieki 108 Not dated Mesolithic 3.90 nda US5a2c3 12a2al
hunter-gatherers

Zvej52 Zvejnieki 117 Not dated Mesolithic 4.17 nda USald Female
hunter-gatherers

Zvej72 Zvejnieki 98 Not dated Mesolithic 1.03 nda UsSalc 12a2al
hunter-gatherers

Zvej162 Zvejnieki 224 6335 +35 Mesolithic/Neolithic 3.82 nda U4bla2 12al
hunter-gatherers

Zvej212 Zvejnieki 197 6180 = 30 Mesolithic/Neolithic 3.22 nda U4al 12al
hunter-gatherers

Latvia HG3!, Zvej27* Zvejnieki 121 6145+55  Mesolithic/Neolithic ~ 0.97',2.88%  +-* Usa2d RIbib', Riblala’
hunter-gatherers

Zvej222 Zvejnieki 173 5900 + 30 Early Neolithic 3.52 nda USalc 12a2alb
hunter-gatherers

Zvej 152 Zvejnieki 226 5370 + 30 Early Neolithic 3.60 nda USald2 Female
hunter-gatherers

Zvejl4? Zvejnieki 261 5335+30 Middle Neolithic 3.30 nda U4al Rlblala
hunter-gatherers

Latvia MN1!, Zvej26> Zvejnieki 124 5280 + 55 Middle Neolithic 0.18,1.777  nda Udal nda’, R1blala’
hunter-gatherers

Zvej 132 Zvejnieki 278 5210+ 30 Middle Neolithic 3.41 nda U4al Female
hunter-gatherers

Latvia MN2! Zvejnieki 221 5180 =65 Middle Neolithic. Comb 1.50 ++4 U4 Female

Ware culture

Zvej242 Zvejnieki 207 5180 =30 Middle Neolithic 2.53 nda Udal Female
hunter-gatherers

Latvia LN', Zvej28> Zvejnieki 137 4280+ 60 Late Neolithic. Corded  0.26',0.32>  nda  Usal', USalb? Female

Ware culture

Kivutkalns42 Kivutkalns 42 2573 £30 Late Bronze Age 1.10 +-7 Hibl Female

Kivutkalns25® Kivutkalns 25 2545 +30 Late Bronze Age 1.57 — H28a Rlalalb

Kivutkalns153’ Kivutkalns 153 2542 +29 Late Bronze Age 0.33 ++ USalal Rlbla2

Kivutkalns207° Kivutkalns 207 2511 =30 Late Bronze Age 7.21 +-° H1b2 Female

Kivutkalns209° Kivutkalns 209 2497 + 30 Late Bronze Age 2.24 +-7 Jlblal Rlala

Kivutkalns215°> Kivutkalns 215 2462 + 27 Late Bronze Age 2.74 +- Hlc Female

Kivutkalns222° Kivutkalns 222 2423 +26 Late Bronze Age 1.28 +-7 Usalcl Rlal

Kivutkalns19® Kivutkalns 19 2403 + 24 Late Bronze Age 5.76 ++7 H10a Rlalalb

Kivutkalns194°> Kivutkalns 194 2298 + 28 Late Bronze Age 0.15 . Tlalb Rlala

Notes: *cal YBP, calibrated years before present; nda, no data available; Jones et al., 2017, 2 Mathieson et al., 2017, 3 Mittnik et al., 2017a; Jones et al.,

2017;
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4 ancestral allele 22018G (rs182549) (Mittnik et al., 2017b); 3 ancestral allele 13910C (rs4988235); 6 Zarina’s data; " Mittnik et al., 2017b.
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Table 2

INCIDENCE OF CYSTIC FIBROSIS AND PHENYLKETONURIA IN
EUROPEAN POPULATIONS

Table 3

FREQUENCIES OF GENE SERPINAI ALLELES PIZ AND PIS IN EU-
ROPEAN POPULATIONS

Populations Phenyl- R408W Cystic AF508
ketonuria (rs5030858) fibrosis (rs113993960)
(PKU)  [frequency (%) (CH) frequency (%)
of PKU alleles of CF alleles
Latvians 1/.8000" 73.0 1/3300* 61.3
Lithuanians 1/10 000° 73.4 1/2500° 34.0
Russians 1/10 000° 56.5 1/ 49007 54.5
Belarusians 1/ 5600° 68.2 1/8000% 61.2
Ukrainians 1/ 8300 57.0 1/3300° 65.2
Poles 1/ 8000 62.2 1/5000° 57.1
Czechs 1/ 70007 61.1 1/2833° 70.0
Danes 1/ 12 0007 18.2 1/4700° 87.5
Norwegians 1/ 14 5007 138 1/4500° 60.2
Trish 1/ 4500° 425 1/1353° 70.4
Swedes 1/20 000° 219 1/5600° 66.6
English people 1/ 12 000° 11.1 1/2381° 75.3
Germans 1/ 8000 25.7 1/3 300° 71.8
Ttalians 1/ 17 0007 1.4 1/4238° 50.9
French 1/13 5007 14.1 1/4700° 67.7
Estonians 1/ 8090° 84.0 1/ 4500° 51.7
Finns 1/ 150 000° 68.0 1/25 000° 46.2

! Purina et al., 1995; 2 Williams et al., 2008; 3 Tighe et al., 2003;
4 Krumina et al., 2000; 3 Farrell, 2008; % World Health Organization;
7 Stepanova et al., 2016; 8 Mosse and Mosse, 2005

ern-European populations. These results are consistent with
the hypothesis of a single origin and subsequent diffusion of
this major CF mutation from North-Western Europe. The
estimate of the number of generations elapsed since the mu-
tation AF508 was first introduced in Latvians is approxi-
mately 101, or 2020 years (Krumina et al., 2001b).

Gene PAH, allele R408W. Gene PAH (OMIM *612349)
encodes enzyme phenylalanine hydroxylase (PAH), which
catalyses hydroxylation of phenylalanine to tyrosine. Muta-
tions in the gene cause phenylketonuria (PKU; OMIM
#261600), one of the most common inborn errors of me-
tabolism in people of European ancestry, with a frequency
of 1/8000 in Latvia (Purina et al., 1995; Pronina and
Lugovska, 2011; Table 2). It is an autosomal recessive dis-
ease characterised by a progressive neurodegenerative
course. Over 900 mutations causing PKU have been re-
ported in the PAH gene. There are marked differences in the
spectrum of PAH mutations between European countries.
The most prevalent mutation R408W is found at relative al-
lele frequencies as high as 84% in Europe. In Europe, the
R408W mutation is observed on chromosomes of two major
haplotype backgrounds: R408W-2.3 and R408W-1.8 (Tighe
et al., 2003). R408W-2.3 exhibits a gradient of allele fre-
quency increasing eastwards, reaching its maximum in the
Balto-Slavic region. R408W-1.8 exhibits an east-to-west
cline in North-Western Europe, peaking in the most west-
erly province of Ireland. PKU in Latvia is genetically rela-
tively homogeneous. The most common mutation R408W
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Populations SERPINAI gene |SERPINAI gene
n allele PIZ allele PIS
(rs28929474) (rs17580)
Latvians'?
NW 68 0.04 0.02
CE 68 0.02 0.04
SW 69 0.04 0.05
E 65 0.04 0.03
Total 270 0.03 0.03
Lithuanians’
Zemaitija 418 0.01 0.02
Aukstaitija 496 0.01 0.01
Total 914 0.01 0.02
Russians (NW)3
Staritsa, Tver Oblast 99 0.02 0.01
Sychevka, Smolensk Oblast 111 0.01 0.000
Ustyuzhna, Vologda Oblast 98 0.03 0.02
Mezen, Archangelsk Oblast 66 0.04 0.02
Total (NW) 374 0.02 0.01°
Russians (Central)4 2787 0.01 0.01
Belarusians® 98 0.02 0.02
Poles* 9539 0.01 0.02
Swedes (Central, S)2 604 0.03 0.01
Swedes (Gotlamd)2 574 0.03 0.03
Danes* 1096 0.03 0.03
Norwegians® 4492 0.02 0.03
Irish? 1100 0.02 0.05
English people® 4775 0.01 0.03
Germans* 5886 0.01 0.02
French* 8753 0.01 0.08
Hungarians® 1036 0.01 0.03
Dutch? 2539 0.01 0.02
Estonians’ 1850 0.03 0.01
Finns* 2112 0.01 0.01

! Maliseva et al., 2002; 2 Beckman et al., 1999; > Gailite (Piekuse), unpub-
lished data; * Blanco et al., 2006; ° Carroll et al., 2011

accounts for 73% of Latvian PKU chromosomes. The same
prevalence of this mutation is found in the Lithuanian popu-
lation and is even higher (84%) in the Estonian population.
R408W-2.3 is the main haplotype for mutation R408W not
only in Latvians and Lithuanians, but also in Estonian, Pol-
ish, and German populations. The frequency of R408-2.3
suggests a Balto-Slavic origin of this R408W mutation or
its association with a pre-Indo-European founder population
(Tighe et al., 2003; Pronina and Lugovska, 2011).

Gene SERPINAI, alleles PIZ and PIS. Gene SERPINAI
(OMIM #*107400) encodes protein alpha-1-antitrypsin
(AAT), a major plasma serine protease inhibitor. Alpha-1-
antitrypsin deficiency (OMIM #613490) is one of the most
common autosomal recessive inborn errors of metabolism
in people of European ancestry, which is caused by muta-

137



tions in the gene SERPINAI. AAT deficiency often is asso-
ciated with an early onset of obstructive lung disease and
emphysema in adulthood, and liver disease in children. The
most frequent AAT deficiency alleles (mutations) are PIZ
and PIS. The most common mutation presenting with clini-
cal evidence is the Z mutation (E342K), caused by a single
amino acid replacement of glutamic acid at position 342 of
the polypeptide, while S mutation is associated with a
milder plasma deficiency of AAT protein. Throughout
Europe the frequency of Z and S mutations in healthy indi-
viduals varies widely between countries. ~3-4% of North-
Europeans carry the Z allele whereas 6% carry S allele. Fre-
quency of the PIZ allele in Latvia detected by isoelectric fo-
cusing in 488 individuals was 0.040 (Beckman et al., 1999),
but by more precise DNA analysis in 270 individuals gave
an estimate of 0.034 (MaliSeva et al., 2002; Table 3), which
are the highest population frequencies reported so far in
Europe. The calculated frequency of PIZ carriers is 1 : 30;
approximately 3% of the Latvian population are carriers of
the mutation PIZ. Frequencies of the PIS allele in Latvia
were estimated to be 0.026 (isoelectric focusing, Beckman
et al., 1999) and 0.032 (DNA analysis, MaliSeva et al.,
2002; Table 3), which are higher than the average allele PIS
frequency in Central Europe, but significantly lower than in
South European countries. Noteworthy is the fact that the
highest frequency of PIZ allele is reported in the North-
Western part of Latvia (Northern Curonian region). High
frequencies are also found on the Swedish mainland and on
the Island of Gotland. Relatively high frequencies are ob-
served in Estonians, as well as in the North-Western regions
of Archangelsk and Vologda in Russia (Gailite (Piekuse),
unpublished data), whereas in Finns and people of Central
European part of Russia the frequencies are considerably
lower. There is a remarkable and highly significant differ-
ence between Latvians and Lithuanians with respect to PIZ
allele frequency. In this context it is of interest that archaeo-
logical data have shown that from the 70 century and for
several hundreds of years there were several settlements of
people from Swedish mainland as well as from the Island of
Gotland in the Grobina area on the Curonian coast of the
Baltic Sea (Radins, 2012). The PIZ variant in Latvia and
Sweden shared a unique genotype that was not present in
the control population (Lace et al., 2008). This single geno-
type confirmed the hypothesis of a recent and single origin
of the PIZ mutation. Analysis of non-recombinant single
nucleotide polymorphisms (SNPs) was used to estimate that
the PIZ mutation age was 2902 years in Latvia and 2362
years in Sweden. The authors speculate that the possible
route of this allele was from Sweden (southern Scandinavia)
to other countries, including the Baltic countries, where it
spread through the waterways into the continent by migra-
tion patterns such as the Viking colonisation of North-
Western Europe between 800 and 1200 AD (Hutchison,
1998). In any case, the allele PIZ is a good marker for
Southern Sweden and Latvian genetic influence. The S mu-
tation is older than the Z mutation and is postulated to have
arisen in the north of the Iberian Peninsula and subsequently
spread throughout Europe during the mass migration
(Seixas et al., 2001).
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Gene HFE, alleles C282Y and H63D. Gene HFE (OMIM
*613609) codes for HFE protein that participates in the reg-
ulation of iron absorption. Mutations in this gene may lead
to hereditary haemochromatosis (HH s. HFE-associated he-
reditary haemochromatosis, OMIM #235200), an inborn er-
ror of iron metabolism. HH belongs to the most common
autosomal recessive disorders in people of European ances-
try, characterised by iron overload and failure of different
organs. Most HH patients are homozygotes for the missense
mutation C282Y that leads to the substitution of tyrosine for
cysteine at amino acid 282. The role of another missense
mutation, H63D, is still unclear (compound heterozygotes
with C282Y have haemochromatosis). The average frequen-
cies of mutation C282Y and H63D carriers among healthy
Latvians are 3.5% and 12.1%, respectively, which is similar
to the average frequency in Lithuanians and Estonians, but
lower than in most populations of Northern Europe
(Krumina et al., 2001a; Kucinskas et al., 2012; Table 3).
The frequency of C282Y mutation is significantly higher
among the inhabitants of Zemaitija at the Baltic Sea area
(5.9%) in comparison to the regions of the continental part
of Lithuania (Kucinskas et al., 2012). The highest frequency
is observed in Ireland (11.4%) and in the eastern part of
England (8.2%), and a slightly lower frequency in Norway,
Sweden, Denmark, and Iceland. The lowest reported fre-
quencies (0—-1.75%) of the C282Y mutation were observed
in Greece, Romania, and Bulgaria (Merryweather-Clarke et
al., 1997; Ivanova et al., 1999; Voicu et al., 2009). These
data support the hypothesis of gene flow from north to
south of Europe. Most scientists agree that mutation C282Y
appeared ~60-70 generations ago (Ajioka ef al., 1997) and
originated from the population of Southern Scandinavia or
Northern Germany (Distante et al., 2004). It has also been
suggested that Viking migrations were largely responsible
for the distribution of this mutation. The H63D mutation is
more common and equally distributed among European na-
tions. The highest frequency of this mutation has been re-
ported in the Basque population (30.4%) and genetic data
suggest that this mutation could have originated in early
Western European populations (de Juan et al., 2001).

Gene CCR5, allele CCR5-A 32. Gene CCR5 (OMIM
*601373) encodes cell membrane protein C-C chemokine
receptor 5 (CCRS5), which is the principal entry co-receptor
for macrophage-tropic human immunodeficiency virus type
1 (HIV-1) strains. Mutation CCR5-A32 (CCR5-delta32) is a
32 bp deletion in this gene and results in a frame shift in the
coding sequence that produces a non-functional protein, and
consequently it is not expressed in the cell membrane. Indi-
viduals homozygous for the mutation show high degree of
resistance to HIV infection. Heterozygous carriers have re-
duced susceptibility to infection and reveal a slowed pro-
gression towards AIDS. The results of screening of more
than 2500 individuals from 18 European populations sug-
gested a unique and relatively recent origin of this allele,
which probably arose in North-Eastern European popula-
tions (Libert et al., 1998; Klitz et al., 2001). The age of the
A32 allele has been estimated between 700 and 3500 years
based on linkage disequilibrium data (Stephens et al., 1998;
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Table 4

FREQUENCIES OF GENE HFE ALLELES C282Y AND H63D IN EU-
ROPEAN POPULATIONS

Table 5

FREQUENCIES OF GENE CCR5 ALLELE CCR5-A32 IN EUROPEAN
POPULATIONS

Populations n HFE gene HFE gene
allele C282Y | allele H63D
(rs1800562) | (rs1799945)
Latvians'

NW 78 0.03 0.10
CE 71 0.03 0.11
SW 71 0.04 0.15
E 75 0.05 0.12
Total 295 0.04 0.12

Lithuanians®
Zemaitija 102 0.06 nda
East AukStaitija 378 0.02 nda
West AukStaitijai 148 0.02 nda
South AukStaitijai 383 0.02 nda
Total 1011 0.03 0.16
Russians (Central Eur. part) 2 150 0.04 0.13
Belarusians® 736 0.04 0.16
Ukrainians® 3300 0.03 0.17
Poles? 871 0.03 0.16
Czechs’ 481 0.03 0.15
Danes’ 2501 0.06 0.13
Norwegians' 94 0.06 0.14
Irish? 1002 0.11 0.15
Swedes (Central)2 250 0.06 0.11
English people® 91 0.08 0.13
Germans’ 115 0.04 0.15
Italians' 141 0.01 0.13
French! 398 0.03 0.17
Estonians' 519 0.04 0.14
Finns! 173 0.05 0.12

nda, no data available; ! data from Krumina er al., 2001a; 2 data from
Kucinskas ef al., 2012; 3 Sivitskaya et al., 2013, 4 Pampukha et al., 2003, 3
Milman et al., 2004, 1000 Genomes Browser

Slatkin, 2001), and ancient DNA evidence suggests that the
allele is at least 2900 years old (Hummel et al., 2005). The
highest frequencies were registered in Mordvins, Estonians,
Finns, Belarusians, Latvians, as well as in North-European
Russians, the last populations being supposed to have a
strong Finno-Ugric background, maximum in areas sur-
rounding the Baltic and White Seas (the area of highest fre-
quency lies between the Baltic and the White Seas; Table
5). High frequency is registered also in central Russia near
Novosibirsk (Balanovsky et al., 2005). If A32 were neutral,
population genetics theory, given allele’s frequency, pre-
dicts that it would have to be much older. An alternative ex-
planation is that A32 mutation occurred recently and after-
wards increased rapidly in frequency because of a strong
selective advantage (Libert et al., 1998; Stephens et al.,
1998). Bubonic plague was initially proposed as the selec-
tive agent, but subsequent analysis suggested that a disease
like smallpox is a more plausible candidate (Galvani and
Slatkin, 2003; de Silva and Stumpf, 2004; Stumpf and
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Populations n CCRS5 gene allele
A32 (rs333)
Latvians'

NW 91 0.12
CE 70 0.19
SW 51 0.15
E 68 0.17
Total 156 0.15
Lithuanians® 283 0.12

Russians (NW)I
Staritsa, Tver Oblast 97 0.11
Sychevka, Smolensk Oblast 86 0.14
Ustyuzhna, Vologda Oblast 95 0.10
Mezen, Archangelsk Oblast 123 0.10
Total (NW) 401 0.11
Russians (Moscow)2 50 0.14
Russians (Ryazan)2 78 0.12
Belarusians® 80 0.16
Ukrainians 83 0.11
Poles® 1005 0.12
Czechs’® 547 0.11
Danes’ 100 0.12
Norwegians3 183 0.12
Irish? 191 0.08
Swedes’ 204 0.14
English people® 705 0.12
Germans® 307 0.11
Italians? 91 0.06
French? 276 0.09
Mordvins® 86 0.16
Estonians’ 662 0.14

Finns® 98 0.16

! Gailite (Pickuse) unpublished data; 2 Limborska ef al., 2002; * Faure and
Royer-Carenzi, 2008

Wilkinson- Herbots, 2004; Galvani and Novembre, 2005).
Analysis performed on CCRS polymorphisms in Russian,
Ukrainian, and Moldavian populations showed a strong pos-
itive correlation between allele frequency and latitude, and a
set of temperature factors (Limborska et al., 2002). The au-
thors proposed that the existence of correlations between
the cline of A32 frequencies and climatic-geographic pa-
rameters provided evidence for a possible effect of either
natural environmental factors (geographical gradient in se-
lection intensity) or large-scale population movements on
distribution of this allele. Other authors (Balanovsky et al.,
2005) proposed a rise and initial spread of the mutation
among Uralic-speaking populations, in particular in its
Finnic branch, a frequency increase in North-Eastern Eu-
rope as a result of selection and/or genetic drift, and second-
ary spread (with selection continued) due to gene flow and
the migrations of North Europeans across the globe.
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Gene ICAM4, allele LWP. [CAM4 (LW) gene (OMIM
*614088) encodes single-pass membrane glycoprotein
called intercellular adhesion molecule 4. Landsteiner-
Wiener (LW) blood group antigens (OMIM #111250) re-
side on this protem There are three antigens assigned to the
LW system: LW?, LW and LW?* (B rne and Byrne, 2004;
Srivastava et al., 2014). LW® and LW antigens are antithet-
ical, resulting from a single nucleotide substitution in the
ICAM4 gene (299A>G), which causes an amino acid
change in LW glycoprotein (Q100R).

LW blood group polymorphism has been widely tested by
antigen detection (Sistonen et al., 1999). Population genetic
studies on the LW blood group by standard serological
methods resulted in a conclusion that the LW® antigen was
found in Europeans only, presenting the highest frequency
in the Baltic-speaking Latvian and Lithuanian populations,
leading to the conclusion that this polymorphism can be
considered as a “Baltic tribe marker” (Kucinskas et al.,
1998; Sistonen et al., 1999; Kucinskas, 2001). Recent ad-
vances in DNA analysis allowed to trace LW allele fre-
quency distribution for several populations, not previously
included in studies by serological methods (the 1000 Ge-
nomes Project). The LW? allele was not found or was found
at very low frequencies in most African, Native American,
Asian, and West-European populations. Frequencies of
LW? allele in different European populations are presented
in Table 6. The highest frequency was found in Lithuanians,
followed by two subpopulations of Latvians, Estonians, Be-
larusians, and Russ1ans It follows from the frequency dis-
tribution that LW® frequency displayed a steady continuous
decrease trend in all d1rect10ns away from the central area
of the Balts. The LW® allele is found also in other Slavic-
speaking populations, in particular the Poles. This fact may
reflect the pecuharmes of the ethnic history of Slavs: the
presence of LW allele may reflect the admixture with the
Baltic-speaking populations, if the mutation originated from
the Balts, or revealing a trace of an ancient autochthonous
community that existed in the territory of East-European
plain up to the Baltic Sea. The peculiar geographical distri-
bution of LW allele, with relatively high frequencies in the
Balts and zero or almost zero levels in Asiatic, African, and
West-European populations (The 1000 Genomes Project),
makes this blood group a very informative marker for Baltic
genetic influence. This means that its presence in other
populations is likely to be due to Baltic admixture.

Gene MCM6, allele 13910*T. Gene MCM6 (OMIM
*601806) encodes protein minichromosome maintenance
complex component 6, which participates in the replication
of eukaryotic DNA. Gene MCM6 in humans is located up-
stream from the lactase gene LCT (OMIM *603202) and
regulates its transcription. Gene LCT encodes enzyme lac-
tase, which catalyses the hydrolysis of lactose, the main car-
bohydrate in milk, to monosaccharide glucose and galac-
tose. Lactase activity in new-born mammals is high. In
adult mammals, including humans, lactase persistence (LP)
or lactose tolerance normally disappears after weaning. LP
is an autosomal dominant trait enabling continued produc-
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tion of lactase throughout adult life. Lactase non-persistence
(lactose intolerance, lactase deficiency, adult type hypolac-
tasia), which is an ancestral condition for all mammals, is
an autosomal recessive trait (OMIM #223100). The degree
and symptoms of lactose intolerance vary individually, and
most lactose intolerant individuals can usually tolerate
small amounts of lactose. The geographic distribution of LP
matches the distribution of dairy farming: LP is common in
North-European populations (increase from southeast to
northwest across Europe), as well as in some pastoralist
populations from Africa and the Middle East (Scrimshaw
and Murray, 1988; Laland et al., 2010). In European popu-
lations, two dominant alleles in the gene MCM6 that di-
rectly affect LCT gene promoter activity and are tightly as-
sociated with LP are found: -22018*A (rs182549) in intron
9, and -13910*T (rs4988235) in intron 13 (Enattah et al.,
2002). In Europeans the best studied is the association of
LP with the genotypes C/T and T/T in the above-mentioned
locus -13910. Frequencies of MCM6 gene allele -13910*T
in Latvians and other European populations as well as fre-
quencies of LP are shown in Table 7. The highest frequen-
cies are observed in North Western and Northern Europe: in
Irish, Swedes, Finns, Danes, and English. It is estimated
that allele -13910*T derived from the ancestral allele
-13910*C during the past 6100-7500 years within Central
Europeans, probably in response to selection for the ability
to digest milk as adults (Bersaglieri et al., 2004). Allelic age
estimates are consistent with the results of an ancient DNA
study, which showed that allele -13910*T was rare or ab-
sent among early farmers from Central and Eastern Europe
(Burger et al., 2007). The observed high frequencies of al-
lele -13910*T in Northern Europe can best be explained by
strong selection that took place in Neolithic Central Europe
and was followed by a migration of people representing this
culture to Northern Europe (Vuorisalo et al., 2012). The im-
migrants gradually replaced or were assimilated by the local
hunter-gatherer populations. The low frequencies of MCM6
gene -13910*T allele and lactase persistence in Latvians
and North-Western Russians may be explained by the rela-
tively recent transition from Mesolithic to Neolithic in the
Baltic region, which was not driven by admixture with early
European farmers (Jones et al., 2017). The analysis of an-
cient DNA has shown that the transition from Mesolithic to
Neolithic is also the period when first derived MCM6 allele,
which is associated with lactase persistence, is found in Lat-
via. There is increased frequency of the derived alleles in
the Bronze Age samples (0.50 in 9 Latvian individuals) (Ta-
ble 1, Jones et al., 2017; Mittnik et al., 2017a; 2017b).

MITOCHONDRIAL DNA VARIATION

Mitochondrial DNA (mtDNA) — matrilineal — genetic varia-
tion was investigated by Pliss e al., 2006 in a sample of
299 (in her PhD thesis — 351) healthy unrelated Latvians
representing the above-mentioned four different regions of
Latvia. Sequencing of the first mtDNA hypervariable seg-
ment (HVS-I) in combination with analysis of informative
coding region markers revealed that the vast majority of the
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Table 6

FREQUENCIES OF GENE ICAM4 ALLELE LW® (RS77493670) IN EU-
ROPEAN POPULATIONS

Table 7

FREQUENCIES OF GENE MCM6 ALLELE -13910*T IN EUROPEAN
POPULATIONS

Populations n gene ICAM4 allele
LW (1s77493670)
Latvians!
NW 84 0.05
CE 67 0.02
SW 36 0.03
E 75 0.06
Total 262 0.04
Lithuania'
Zemaitija 84 0.07
East AukStaitija 38 0.05
West AukStaitija 29 0.04
South Aukstaitija 34 0.03
Total 185 0.06
Russians (Vologda)2 383 0.02
Belarusians’ 60 0.03
Poles’ 749 0.02
Swedes (Central)2 395 0.01
English people’ 91 0.01
Ttalians® 100 0
Estonians 800 0.04
Finns’ 908 0.03

! Gailite (Pickuse), unpublished data; > Sistonen e al., 1999; > 1000
Genomes Browser

observed mtDNA variants in Latvians belong to haplo-
groups (hgs) como most European populations (Table 8).
One hundred and twenty four different haplotypes (nucleo-
tide sequence variants within haplogroups) belonging to 11
major hgs were observed. HgH, which is the most frequent
hg in European populations, accounted for almost half
(43.3%) of mtDNA variants in Latvians. 45% of the classi-
fied hg H cases belonged to sub-hgs H1 and H5. Sub-hg
H1b, which occurs more frequently in Eastern and Central
North Europe, was the most abundant type of sub-hg Hl
among Latvians, also being frequent among Estonians. The
HVS-I sequence motifs characteristic to this sub-hg can of-
ten be observed also in the Lithuanian population (Kas-
peraviciiite et al., 2004). In the Latvian gene pool, H1b was
significantly more frequent than among Eastern Slavs
(Loogvili et al., 2004). Significant differences of Hla fre-
quencies were observed between Latvians and Finns (the
statistical significance of population differences for mtDNA
data is taken from Pliss et al., 2006). Among the Finns,
sub-hg H1b was not observed. On the other hand, sub-hg
HI1f, frequent in the Finnish population, was not found in
the Latvian mtDNA pool. Sub-hg HS5, the second largest in
the Latvian mtDNA pool (15% of H), was found to be sig-
nificantly more frequent among Latvians than in the gene
pool of hg H in Eastern Slavs. A quarter of mtDNA variants
belonged to hg U. Five sub-hgs (U2, U3, U4, U5 and US)
were observed among hg U haplotypes. The sub-hgs U4 and
U5 were most abundant, covering about 40% of the hg U
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Populations n MCM6 gene Lactase
-13910*T allele| persistence
frequency frequency6
(rs4988235)
Latvians!
NW 86 0.37 nda
CE 67 0.32 nda
SW 56 0.34 nda
E 68 0.30 nda
Total 277 0.34 0.55
Lithuanians 0.32° 0.61
Russians (NW)I
Staritsa, Tver Oblast 21 0.38 nda
Sychevka, Smolensk Oblast 29 0.33 nda
Ustyuzhna, Vologda Oblast 40 0.36 nda
Mezen, Archangelsk Oblast 32 0.44 nda
Total 122 0.38
Russians (Central) 50 0.24% 0.43
Belarusians nda 0.62
Ukrainians nda 0.54
Poles 289 0.46’ 0.63
Czechs nda 0.82
Irish 65 0.95° 0.96
Swedes (Central, S) 360 0.82? 0.96
Norwegians nda 0.96
Danes 97811 0.76° 0.96
English people 3344 0.75* 0.95
Germans 60 0.56° 0.85
Italians (North) 28 0.36% 0.49
Italians (Middle) 16 0.06% nda
French 58 0.43* 0.71
Estonians 355 0.51° 0.64
Finns® 360 0.82? 0.84

nda, no data available; ! Gailite (Piekuse), unpublished data; 2 Bersaglieri
et al., 2004; > Ttan et al., 2009; * Smith et al., 2009; > Lember et al., 2006;
6 Cook, 2014; " Madry et al., 2011; 8 Bergholdt et al., 2015; ° Kalibatiene
et al., 2006

gene pool. Comparison of mtDNA hg profiles in different
European populations (Table 7) showed that the frequency
of hg U4 was significantly higher in Eastern than in West-
ern European populations. Interestingly, the frequency of
sub-hg U4 in Latvians is among the highest in Europe. In
the central part of Latvia (Semigalia), U4 was found in
14.9% of all mtDNA variants. Pliss e al. (2006) noted that
the heterogeneity of hg U4 is also relatively high in Semi-
galia: of thirteen U4 haplotypes found among Latvians eight
were discovered in this region. Another example of only
few region-specific differences in the Latvian mtDNA pool
is provided by sub-hg U2, which has a particularly high fre-
quency in Eastern Latvia; seven of nine Latvian sub-hg U2
mtDNAs were found in Latgalia. The frequency of U2 was
significantly higher in Latgalia than in the western parts of
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Table 8

MITOCHONDRIAL DNA HAPLOGROUP FREQUENCIES (%) AMONG LATVIANS AND OTHER EUROPEAN POPULATIONS

Haplogroups Latvians ' . . <, -
NW | CE | sw E | Toal | £ £ 5 £ | <y % o | =
£ = 3 e 5 4 =
3 @ S © =

RO (xHVO, H) 1.1 1.5 2.9 23 2.0 1.7 2.5 4.5 0.0 0.9 0.9 1.5 0.0 1.5
HVO0 34 3.0 1.5 3.1 2.8 6.1 5.5 52 1.7 4.8 4.5 3.9 6.8 11.0
H 54.5 46.3 38.2 36.7 433 46.1 423 36.7 413 452 47.7 435 40.5 404
U (total) 11.4 32.8 23.5 30.5 24.8 17.8 17.9 20.2 19.1 16.0 13.5 24.2 24.9 24.3
Ul 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.3 0.2 0.0 0.0

U2 0.0 3.0 0.0 5.5 2.6 0.0 1.5 1.5 1.7 0.9 0.9 1.5 0.7 0.0

U3 0.0 3.0 29 1.6 1.7 1.7 1.0 2.3 0.6 0.5 1.2 1.0 0.0 0.0
U4 6.8 14.9 10.3 4.7 8.3 5.0 3.5 3.8 5.0 5.0 1.8 5.4 1.0 10.3
uUs 4.5 12.0 10.3 17.2 11.7 8.9 10.4 12.0 11.8 8.7 8.4 14.2 22.4 14.0

USa 45 9.0 7.4 10.2 8.0 39 7.5 6.4 5.6 5.3 nda 9.8 8.0 nda

Usb 0.0 3.0 29 7.0 3.7 5.0 2.9 5.6 6.2 34 nda 44 14.4 nda

U6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

u7 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.4 0.0 0.2 0.3 0.0 0.3 0.0

U8 0.0 0.0 0.0 0.8 0.3 1.1 0.0 0.0 0.0 0.5 0.0 1.7 0.5 0.0
U*(other U) 0.0 0.0 0.0 0.8 0.3 1.1 0.0 0.4 0.0 0.2 0.6 0.2 0.0 0.0

K 0.0 1.5 1.5 4.7 2.3 2.2 3.0 3.8 6.7 3.4 7.5 2.7 2.9 22
J 6.8 6.0 10.3 4.7 6.6 7.8 8.0 9.0 6.2 7.8 8.4 10.3 4.8 7.4
T 11.4 45 13.2 8.6 9.4 10.0 10.9 7.5 12.9 11.5 9.0 7.8 3.8 5.1
N1 (xI) 0.0 0.0 0.0 0.0 0.0 1.1 0.0 34 1.7 0.4 0.6 1.5 0.0 0.0
I 5.7 3.0 4.4 5.5 4.8 3.9 2.5 2.6 2.8 1.8 1.8 1.0 4.1 0.7
w 5.7 1.5 44 23 34 1.1 2.0 34 1.7 3.7 2.7 2.4 8.8 0.0
X 0.0 0.0 0.0 0.8 0.3 1.1 3.5 1.1 1.7 1.8 1.2 1.0 0.9 0.0
M 0.0 0.0 0.0 0.8 0.3 0.0 1.5 2.6 1.1 1.8 0.9 0.2 1.9 59
others 0.0 0.0 0.0 0.0 0.0 1.1 0.5 0.5 33 0.7 1.2 0.0 0.5 1.5
n 88 67 68 128 351 180 201 267 179 436 333 409 580 136

nda, no data available; ! Pliss, 2007; > Kasperaviciite ef al., 2004; > Malyarchuk ef al., 2002; * Kushniarevich ef al., 2013; ° Kushniarevich et al., 2015; © data

from Pliss et al., 2006; 7 Bermisheva et al., 2002

Latvia (Northern and Southern Curonia). The authors sug-
gested that the high frequency of hg U2 in Latgalia could be
best explained by a recent founder effect, because all U2
samples found belonged to the same HVS-I haplotype.
Similar intra-population homogeneity was also observed
among Lithuanians (Kasperavicite et al., 2004). USa, an-
other frequent haplogroup (8.0% in Latvians), is more typi-
cal for Eastern Europeans compared to Central and South-
Eastern Europe, whereas haplogroup U5b (3.7% in Latvi-
ans) reflects the input from South-Western and Central
Europe (Malyarchuk er al., 2010). The other hg that has a
different frequency pattern in Eastern and Western Euro-
pean populations (Table 8) is K; statistically significant dif-
ferences of hg K frequencies were observed between Latvi-
ans and Western European populations, with hg K being
more common among the latter. Only a single member of
Asian-specific hg M (G2a) was found in Latgalia, the east-
ern part of Latvia. In Northern Europe, the two main hg M
lineage groups are D5b and Z1, although they are present in
many populations at low frequencies (Tambets et al., 2004).
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Interestingly, these hgs were observed neither in the sample
of 351 Latvians, nor among 225 Lithuanians (Kasperavi-
ciate et al., 2004; Tambets et al., 2004). One D5b individ-
ual has been found among 545 Estonians (Tambets et al.,
2004). This observation is of some interest because the
northward Finnic-speaking populations, Finns, Saami, and
Karelians, possess East Asian maternal lineages at frequen-
cies that are low, but still higher (2%-5%) (Sajantila et al.,
1995; Tambets et al., 2004) than in the populations inhabit-
ing the South-Eastern Baltic coast. Pliss et al. (2006) sug-
gested that East Asian maternal gene flow had, in Eastern
Europe, only a negligible impact on populations living in
the South-Eastern Baltic Sea region, although it reached
populations living close to the sub-Arctic fringe of Europe.

To illustrate the genetic relationships of studied popula-
tions, principal component (PC) analysis based on the fre-
quencies of mtDNA hgs from Table 8 was performed (Fig.
6). The analysis showed that all compared European popu-
lations, except Finns and Mari, fall into one cluster. Latvi-
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ans and Lithuanians formed a relatively tight cluster with
Estonians, Russians, Poles, and Belarusians.

The HVS-I haplotype-sharing analysis performed by Pliss et
al. (2006) among Baltic-, Germanic-, Slavic-, and Finno-
Ugric speaking populations showed that the vast majority of
mtDNA haplotypes found among Latvians are identical to,
or close derivatives of, those observed in other Eastern and
Western European populations, irrespective of their linguis-
tic affiliations. These results most likely reflect a deep com-
mon origin for the European mtDNA pool (Richards et al.
1996). It might be that no significant differences in mtDNA
variability between founder populations existed in the peri-
od of formation of the Balts; therefore one cannot distin-
guish different components of founders in the present day
populations.

The recent development of high-throughput sequencing of
mtDNA genomes has revealed some matrilineal gene pool
substructure in Europe which was not detected using only
HVSI sequences and low resolution haplogroup informa-
tion (Torron et al., 2006). In order to obtain important addi-
tional information on modern Latvian mtDNA pool, future
analysis of high resolution data is needed.

It seems important that in recent analysis of twenty-one an-
cient Mesolithic and Neolithic DNA samples from the
Zvejnieki burial site in Northern Latvia, all of them be-
longed to typically hunter-gatherer haplogroup U: eleven to
sub-lineage USa, two — US5b, seven — U4, one — U2
(Jones et al., 2017, Mathieson et al., 2017; Table 1). Hap-
logroup U is found in most European hunter-gatherer sam-
ples (Skoglund et al., 2012; Brandt et al., 2013; Posth et al.,
2016). No mitochondrial haplogroups that are typical for
Central European Mesolithic/Neolithic farmers were de-
tected in the territory of today’s Latvia. The Bronze Age in-
dividuals from Kivutkalns burial display a more diverse set
of mitochondrial haplogroups, besides U, including also H
(different sublineages), J and T, which first appeared in
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Mar, Maris; Pol, Poles; Rus, Russians; Ukr, Ukrainians.
The genetic variation retained by different components
is shown in brackets.

Europe during the Neolithic (Mittnik er al., 2017a; 2017b;
Table 1).

NRY VARIATION

Several studies of Y-chromosomal — patrilineal — variability
in the Latvian population have been conducted, based on bi-
allelic markers and short tandem repeats (STRs). Contrary
to mtDNA data, analysis of Y-chromosome lineages has re-
vealed deeper differences between the studied North-
Eastern European populations. Rosser et al. (2000) on
analysis of 11 biallelic NRY polymorphisms in 47 Euro-
pean populations (including Latvians) concluded that Y-
chromosomal diversity in Europe is clinal and influenced
primarily by geography, rather than by language. Based on
the analysis of both Y-chromosome haplogroup frequency
distribution and microsatellite variation, Zerjal et al. (2001)
hypothesised that Y chromosomes of Finno-Ugric- and
Baltic-speaking populations have distinct genetic histories.
These results were confirmed by Lessig ef al. (2001) and
Kasperaviciute et al. (2004). They noted, however, that it is
unclear whether the observed differences suggested differ-
ent source populations or rather more recent random genetic
drift. The analysis of five biallelic Y-chromosomal markers
performed by Laitinen et al. (2002), on the other hand, dem-
onstrated a high genetic similarity between Estonian, Lat-
vian, Lithuanian, and Finno-Ugric-speaking Mari males,
leading to the suggestion that Baltic males share common
Finno-Ugric-speaking forefathers (Laitinen et al., 2002).
The genotyping of DNA samples subsequently performed
by Lappalainen et al. (2008) on a larger group of markers
(18 Y-chromosomal biallelic polymorphisms and 9 STRs)
confirmed differences in the haplotype structure of Baltic-
speaking Latvians and Lithuanians and Finno-Ugric popula-
tions, allowing to suggest at least two main migration waves
to the Baltic Sea region (Lappalainen et al., 2008). Kushni-
arevich et al. (2015) in analysis of 40 binary NRY markers
found that both extant Baltic-speaking populations, Latvi-
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Table 9

NRY HAPLOGROUP FREQUENCIES (%) IN LATVIANS AND COMPARABLE EUROPEAN POPULATIONS

Haplo- | Markers Latvians' Lithua-| Rus- | Rus- | Bela- | Ukrai- | Poles®| Ger- | Esto- | Finns®| Mari’
group NW CE SW E Total nians® | sians | sians |rusians®| nians’ mans® | nians’
North- |Central®
ern’
DE MI45/YAP 3.5 3.0 1.7 1.9 1.2 0.2 5.0 34 8.2 2.9 6.6 2.5 0.4
F* M89 (x G, 0 0 0 1.7 0.6 1.8 0.8 0.8 0.4 4.8 0 0 0.8 0.4
H, 1, J, K)
G M201 0 0 0 1.7 0.6 0 1.2 0 1.4 0 1.5 2.5 0 0 0
1 (total) M170 13.8 10.3 3.0 10.3 9.4 11.6 13.1 17.5 23.4 28.8 17.1 21.0 16.9 28.9 8.1
I* M170 (xI1, 0 0 0 0 0 0.8 0.6 0 nda 0 0 0 0 nda
12a, I2b)
11 M253 13.8 7.7 3.0 3.5 6.3 49 6.2 5.3 5.0 nda 10.0 14.8 11.9 28.0 nda
12a P37 0 1.7 0.6 49 5.7 10.0 17.2 nda 54 3.0 4.2 0.2 nda
12b M223 2.6 5.1 2.5 1.8 0.4 1.6 1.2 nda 1.7 32 0.8 0.7 nda
R* M207 0 0 0 0 0 0 0.2 0 0 0 0 0.2 0
(xR1a, R1b,
R2)
Rla  SRY1532. 4438 38.5 39.4 32.8 37.7 34.1 34.2 46.5 50.6 44.5 60.6 26.5 37.3 7.1 47.7
R1b M343 6.9 7.7 15.2 3.5 7.6 4.9 54 7.5 6.0 8.2 11.9 36.7 4.2 3.7 2.7
Q M242 3.0 0 0.6 0.7 0.3 0.2 0.2 0.6 0.2 0.8 0.2
N*  M231 (xN3, O 0 0 0 0 0 0.4 0 0 0 0 0 0.2
N2a)
N2a P43 0 0 0 0 0 0 7.5 0.5 0.5 0 0 0 0 0.4 9.9
(prev.
Nl1b)
N3 (prev. M46/Tat 31.0 436 36.4 48.3 41.5 439 35.5 16.3 9.6 0 3.1 1.1 339 58.2 31.5
Nlc)
J M304 1.8 1.8 34 39 34 2.3 5.1 1.7
K* M9 (xN, P, 0 0 0 0 0 0 0 1.7 0 2.1 0 0 0.8
R,T,O,L)
P*  P295(Q,R) 0.6 0.8 0
Y* SRY10831a O 0 0 0 0.2
(xA,B,C,D,
E,F,P)
C M130 0 0 0 0 0 0 0.2 0 0 0 0.2 0 0.2 0
T M70 0 0 0 0 0 0 0.5 0 0 0.6 0 0 0
n 29 39 33 58 159 164 380 364 565 146 520 472 118 536 111

UPliss et al., 2015; 2 Lappalainen ef al., 2008; > Balanovsky ef al., 2008; * Kushniarevich et al., 2013; ° Mielnik-Sikorska ef al., 2013; ® Rebala et al., 2012;

7 Tambets et al., 2004

ans and Lithuanians, lie in the vicinity of Finno-Ugric
speaking Estonians according to their Y-chromosome diver-
sity. It is also worth mentioning that the population genetic
analysis on samples from North-Western Russia indicated a
discrepancy in the depth of penetration of mtDNA and Y-
chromosome lineages characteristic for the majority of
South-Western Russian populations in the east and north of
Eastern Europe (Malyarchuk et al., 2004). These results led
the authors to conclude that Russian colonisation of north-
eastern European territories might have been accomplished
mainly by males rather than by females.

The most detailed analysis of NRY in Latvians was per-
formed by Pliss et al. (2015), who investigated 159 unre-
lated ethnic Latvian males from the above-mentioned four
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different geographic regions, using 28 biallelic markers and
12 STRs (Pliss et al., 2015). Eleven different haplogroups
(hgs) (Table 9) and 130 distinctive haplotypes were de-
tected in a regionally relatively homogeneous Latvian popu-
lation. The vast majority of the analysed samples belonged
to two predominant hgs, N3 (formerly Nlc) and Rla
(41.5% and 37.7%, accordingly). Twelve samples (7.6%)
represented hg R1b, which is carried predominantly by
Western Europeans (Eastern Europeans, in contrast, have
high frequency of R1la lineages). The next abundant variant
among Latvians was hg I1 with a frequency of 6.3%. An-
other two phylogenetic branches of hg I occur at a low level
in Latvians: hg 12b was found at a frequency of 2.5% and
hg 12a comprised only 0.6%. In general, the gene pool of
the Latvian Y-chromosomes was characterised by the pres-
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Fig. 7. Comparison of Latvian population with other populations based on variation of the Y-chromosomal haplogroups (7A) and compound haplotypes (7B)
(Pliss et al., 2015). 7A, population codes are given in alphabetical order as follows: Bel, Belarusians; Est, Estonians; Fin, Finns; FrC, French and Corsicans;
Ger, Germans; IB, Iberian Peninsula’s populations; Kar, Karelians; Lat, Latvians; Lit, Lithuanians; Mar, Maris; Pol, Poles; Rus N/C, Russians Northern/Cen-
tral; Sib-S, South Siberians; Swe, Swedes; Ukr, Ukrainians. PC1 and PC2, principal component 1 and 2 are significant.

7B, population codes are given in alphabetical order as follows: EST, Estonians; FIN, Finns; KAR, Karelians; LAT, Latvians; LIT, Lithuanians; SWE,

Swedes. PC1 and PC2, principal component 1 and 2 are significant.

ence of the majority of hgs typical to Eastern and Northern
Europe, and only one sample fell into hg Q (0.6%), which is
more characteristic to Asian populations, but is occasionally
also found in Europe (Tambets et al., 2004; Balanovsky et
al., 2008; Lappalainen ef al., 2008). Statistically significant
differences in the distribution of hgs between the sampled
Latvian subpopulations were not found. Results of principal
component analysis (PCA) performed on the distribution of
hgs among 16 populations revealed that the Latvian popula-
tion formed a tight cluster with the North-European popula-
tions, irrespective of linguistic affiliation, that is, with Esto-
nians, Maris, Northern Russians, and Lithuanians, all
having a high frequency of N3 (Fig. 7A). For the analysis of
compound haplotypes, nine YSTRs were used, and only six
European populations were included due to the absence of a
comparable set of Y-STR data in other neighbouring popu-
lations. Results of PCA grouped Baltic-speaking Latvians
and Lithuanians together and lightly split them from Finno-
Ugric-speaking Estonians (Fig. 7B). Such an observation
could be explained by different haplotype composition of
the most abundant Y-chromosomal lineages, namely, N3
and Rla, in those populations. The majority of haplotypes
(24) shared between Latvians and neighbouring populations
were found for hg Rla. Only four compound haplotypes
were in common within hg N3. Despite the comparable fre-
quency distribution of hg N3 in Latvians and Lithuanians
with the Finno-Ugric-speaking populations from the eastern
coast of the Baltic Sea, the observed differences in allelic
variances of N3 haplotypes between these two groups are in
concordance with the previously stated hypothesis (Zerjal et
al., 2001; Kasperavicitte et al., 2004; Lappalainen et al.,
2008) of two migration waves that introduced hg N3
founder haplotypes to the eastern coast of the Baltic Sea:
“Baltic” — in the south of the Baltic Sea through the Baltic
countries to Poland and Germany; and “Fennoscandian” —
in the north of the Baltic Sea through Finland to Sweden. It
was suggested that N3 chromosomes originated in Asia and
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were brought to Europe by Finno-Ugric speakers prior to
the arrival of Indo-European speakers. Recently performed
high-coverage Y chromosome sequencing (a method that al-
lows to identify previously undetected lineages) from 56
Eurasian populations, including two Latvian samples,
showed that both Latvian samples belong to haplogroup N3,
clade N3a3-VL29 (Karmin et al., 2015; Ilumie et al.,
2016). This clade is found in over a third of the present-day
male Estonians, Latvians, and Lithuanians, and it is present
also among Finns, Karelians, Saami. It was suggested that
the distribution of this Y chromosome lineage has been
shaped by random genetic drift in small populations dis-
persed across a wide area (Ilumie et al., 2016).

Hg R1a is frequent in North-Eastern Europe, with the high-
est frequencies (30%—50%) in Slavic-speaking populations
and moderate among populations of Volga-Ural basin. Re-
cently, Underhill er al. (2015) underwent a detailed phylo-
geographic study of European-specific Rla sub-clades of
R1a-M458 and R1a-M558 lineages. R1a-M458 shows the
highest distribution among European frequencies (exceed-
ing 30%) in Central and Eastern Europe (Underhill et al.,
2010). The highest frequency of R1a-M458 was found in
Poles, Czechs, Slovaks, and Western Belarusians (20%).
Unlike R1a-M458, the R1a-M558 lineage is more common
in Eastern Slavs and in Volga-Uralic populations. Rla-
M558 is found in various parts of Russia (10%-30%), as
well as in Poland and Western Belarus where it transcends
26%, and in Ukraine, where its frequency varies between
10% and 23%, whereas it occurs at significantly lower fre-
quencies in Western Europe (Underhill ez al., 2015). The
study of Rla Y-chromosomes in the Latvian sample per-
formed by Pliss er al. (2015) showed that the R1a-M458
lineage was found at a relatively low frequency, as opposed
to the R1a-M558 lineage, which accounts for nearly all R1a
hg representatives and more than a third of all Latvian pa-
ternal lineages. The authors suggested that high prevalence
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of R1a-M558 in Latvians and their haplotypes shared with
Eastern Slavic-speaking populations may indicate a shared
genetic ancestry component or a possible more recent gene
flow from Eastern Slavic-speaking populations to present-
day Latvians. There were many R1a-M558 haplotypes in
Latvians that were detected also among Eastern Slavic-
speaking Russians, Ukrainians, and Belarusians (Underhill
et al., 2015).

Recent analysis of fourteen Mesolithic and Neolithic an-
cient male DNA samples from the archaeological site of
Zvejnieki in Northern Latvia showed haplogroups R1b
(eight samples), I2a (five samples) and Q (one sample) (Ta-
ble 1; Jones et al., 2017; Mathieson et al., 2017). R1b, the
most common hg found in modern Western Europeans, has
been found at low frequencies before the Late Neolithic in
Western Europe but at higher frequencies in Russia. It was
suggested that this hg spread into Western Europe from the
East after 5000 cal YBP (Haak et al., 2015). Haplogroup
I2a has been commonly found among Western hunter-
gatherers (Lazaridis et al., 2014). The analysis of six
Bronze Age individuals from Kivutkalns burial revealed
haplogroups Rla (five individuals) and R1b (one individ-
ual) (Mittnik et al., 2017a, b). No cases of haplogroup N,
which is a very common Y chromosome haplogroup in
modern Latvians (41.5%), Lithuanians, Finns and Estonians
(Ilumée et al., 2016) were detected among Latvian ancient
DNA samples. It is proposed that this haplogroup was
brought to the Eastern Baltic after the Late Bronze Age
(Mittnik et al., 2017a).

CONCLUSIONS

Population genetic studies of Latvians, which represent one
of the two extant Baltic-speaking populations besides
Lithuanians, have shown a mixture of genetic traits typical
for Western Europe and Eastern Eurasia with only small
differences between Latvian subpopulations.

The analyses of genome-wide single nucleotide polymor-
phisms have shown that Latvians and Lithuanians clustered
in close proximity to Russians from the central part of Euro-
pean Russia and Estonians, although Estonians had a higher
proportion of ancestry component common with Finns.

The studies of the Baltic “tribal gene” LW® as well as
gene’s SERPINAI allele PIZ indicate the presence of a con-
siderable Baltic admixture in the neighbouring Finno-Ugric
and Slavic populations.

The analyses of mitochondrial DNA have shown that in
general Latvians belong to the same common gene pool as
most Europeans, with Latvians and Lithuanians forming a
tight cluster with Estonians, Russians, Belarusians, and
Poles. The vast majority of mtDNA HVS-I haplotypes
found among Latvians are identical to or close derivatives
of those observed in other Eastern and Western European
populations, irrespective of their linguistic affiliations.
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The analyses of Y-chromosome lineages, contrary to
mtDNA data, have revealed deeper differences between
North-European populations, with Lithuanians, Estonians,
and Eastern-Slavic populations being ethnogenetically clos-
est to Latvians.

Studies of ancient DNA samples from the territory of to-
day’s Latvia have shown some hunter-gatherer ancestry per-
sistence across the Neolithic transition, impact from North-
ern Eurasian populations between the Early Neolithic and
the Middle Neolithic as well as impact from the Pontic
Steppe populations during the Late Neolithic and Bronze
Age. There are no signs of Anatolian farmer-related genetic
input on the population of Latvia at least until the end of the
Bronze Age. Further research of ancient DNA samples from
different archaeological cultures with comparison to pres-
ent-day populations with detailed joint analysis of genetic,
craniometric, archaeological, and linguistic data is needed
to reveal demographic events that created present-day Lat-
vian genetic diversity.
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LATVIESU POPULACIJU GENETIKA SAISTIBA AR ZIEMELAUSTRUMEIROPAS ETNISKO GRUPU SAJAUKUMU

Parskata raksta ir apkopoti dati par populaciju genétiskajiem pétijumiem latvieSiem — vienai no divam misdienas baltu valodas
runajoSajam populacijam. Raksta sniegta informacija par genoma viena nukleotida polimorfismu plasSas analizes datiem, dots salidzinajums
ar apkart€jo populaciju datiem, izmantojot ari klasisko autosomalo markieru, mitohondrialas DNS (mtDNS), Y hromosomas
nerekombingjosas dalas, ka ari no seno kaulu paraugiem izdalitas DNS pétijumu rezultatus. LatvieSiem ir vérojama Rietumeiropas un
Austrumeiropas populacijam raksturigo genétisko pazimju kombinacija, atklajot tikai nelielas atSkiribas starp musdienu Latvijas regioniem.
Baltu izcelsmes aléles LWb (ICAM4 géna) un géna SERPINAI algles PIZ pétijumi norada uz vérd nemamu baltu genétiska materidla
klatbatni kaiminu somugru un slavu populacijas. Lai gan mtDNS pétijumi liecina, ka latviesi genétiski ir lidzigi lielakajai dalai eiropieSu
populaciju, Y hromosomas analizes dati norada, ka vislielaka lidziba latvieSiem ir vérojama ar Ziemeleiropas un Austrumeiropas kaiminu
populacijam — lietuvieSiem, igauniem un austrumslaviem. Senas DNS analize no Agra un Vidgja Neolita mednieku un vacgju kaulu
paraugiem, kas iegiiti miisdienu Latvijas un Lietuvas teritorija, neatklaj Centraleiropas zemkopju genomu piejaukuma pédas.
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