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INTERACTIONS BETWEEN GENE POOLS OF RUSSIAN AND FINNISH-SPEAKING POPULATIONS
FROM TVER REGION: ANALYSIS OF 4 MILLION SNP MARKERS
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This study explored the gene pools of Russian and Karelian populations of Tver region. Forty-one samples representing Tver Karels (n = 11) and Russians residing
in the Western, Central and Eastern districts of Tver region (n = 30) were genotyped using a genome-wide panel of 4,559,465 SNPs. In order to investigate the
phenomenon of genetic admixture between Slavic and Finnish-speaking populations, the obtained results were compared to the data on the Russian populations
inhabiting the neighboring territories, Karels from Karelia and other North Eastern Europeans. Studying the gene pools of Russian populations with a genome-wide
SNP panel is essential for cataloging their genetic diversity and identifying the distinct features of regional gene pools; in addition, it provides valuable data for practical
pharmacogenomics and forensics. Using the principal component analysis, the ADMIXTURE method and D- and f3-statistics, we demonstrated that the gene pool
of Tver Karels is closest to the gene pool of Karelian Karels, despite a long (300 to 500 years) history of living among the larger Russian population and the twentyfold
population decline during the 20th century. At the same time, the gene pool of Tver Karels exhibits more pronounced similarity to the gene pool of the studied Russian
populations than does any other Karelian population. The genetic admixture between Tver Russians and Tver Karels occurred due to a more intense gene flow from
Russians to Karels whereas the gene flow from Karels to Russians was much weaker: Tver Russians turned out to be as genetically different from Karels as Pskov
Russians. The genetic similarity of Tver Karels to Karelian Karels assessed with the autosomal SNP panel exhibits a slight shift towards the Russian gene pool and
is consistent with the previously published analysis of Y-chromosome lineages in these populations that detected no admixture between Tver Karels and Russians.
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B3AUMOJENCTBUE NFEEHO®OHAOB PYCCKOIO U ®UHHOA3bIYHOMO HACEJIEHUSA
TBEPCKOW OBNIACTU: AHAJNIU3 4 MJTH SNP-MAPKEPOB
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" MHCTUTYT 06LLen reHeTuky umenn H. V1. BaBunosa, Mockea, Poccus

2 MeayKo-reHeT4eCcKmin Hay4HbIi LieHTP, Mocksa, Poccust

8 BuobaHk CesepHoli EBpasun, Mockea, Poccus

4 PepepasibHbIA HayHHO-KNMHUYECKNI LIEHTP (OU3UKO-XUMUYECKOW MeauumHbl, Mocksa, Poccust

[eHodoHAb! nonynaumni TBepcKor 06nacT (PYCCKNX 1 Kapen) N3y4eHbl Mo LWNPOKOrEHOMHOM NaHenn 13 4 MiH ayToCoMHbIX SNP-MapKepoB, TUNMpPOBaHHOM Ha
CyMMapHO BbIbopke 13 41 obpasuia. ST AaHHble No NONYSSALN TBEPCKUX kapen (1 = 11) 1 pyCCKUX 13 3anafHbiX, LEHTPasIbHbIX M BOCTOHHbIX PaioHOB TBEpCKOM
obnactv (n = 30) NpoaHaNM3npPoBaHbl Ha LLMPOKOM (DOHE PYCCKMUX MOMyNALmMiA coceqHnx obnacTei, kapen Kapenun n gpyrvx nonynaumin Cesepo-BocTouHoi
EBporbl ¢ uenblo n3yyeHnst (peHoMeHa B3aUMOMPOHNKHOBEHWS FeHOMOHAOB CNaBAHCKOMO N (OUHHOA3BIMHOMO HaceneHns. Takoe K3y4deHne reHoOoHAOoB
HaceneHns Poccun no Havbonee 06LIMPHOM 13 CYLLECTBYIOLLIMX LUMPOKOrEHOMHbIX MaHenel BaxKHO A1 KaTaiormaaummn reHOMHOMO Pa3Hoo0pasmns HaceneHmns
Poccum 1 xapakTepuCTVIKM pervoHasbHbIX reHOOHLOB U MMEET NMPaKTUYeCKoe NpYMEHeHe B hapMakoreHoMnke 1 cyfiebHon MeauumHe. Metogamn rnasHbix
komnoHeHT, ADMIXTURE, d- u f3-cTaTUCTUK nokasaHo, YTO reHOhOH[, TBEPCKUX Kapes, HECMOTPS Ha VX MPOXMBaHWe cpeay NpeobnafatoLllero pycckoro
HaceneHns B TeveHne 3-5 BekoB 1 20-KpaTHOe COKpaLLEeHNe YMCNIEHHOCTM B TEHEHME NMOCeAHEro CTONETUSA, COXPaHAET HaMbosbLLytO 6IM30CTb K reHOoHay
kapen Kapenun. Ho npu aTom reHohoH[, TBEPCKIMX Kapes Bonee CXoaeH C PyCCKUM reHOMOHAOM, YeM reHooHA, ApYrx KapenbCeKux nonynaumin. ConmkeHme
reHO(hOHAOB PYCCKINX 1 Kapen TBepckor 061acTy MPOVCXOAMT 3a CHET Hosee MHTEHCUMBHOIO MOTOKA MEHOB OT PYCCKUX K Kapesiam ¥ Mpu Manio3aMeTHOM MOTOKe
rEHOB OT Kapesn K PYCCKMM: TBEPCKME PYCCKME OKA3aMCh CTOMb XKE MEHETUHECKM OT/IMYHbBI OT Kapers, Kak, Hanpumep, NCKoBCKMe. CxOACTBO TBEPCKMX Kapen C
kapenamn Kapenuu no ayToCoMHbIM Mapkepam (Mpy HEGONBLLOM CMELLIEHNN B CTOPOHY PYCCKOro reHO(OHAA) COrnacyeTcsi C onybiMKOBaHHbIMW AaHHbIMM MO
Y-XpOMOCOMe (OTCYTCTBUE AETEKTUPOBAHHOMO CMELLIEHINS TBEPCKYX Kapen C PyCCKUMM).
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The city of Tver and the adjacent territories situated at
the border between Central and Northwest Russia played
an important role in the country’s history in general and the
interactions between Russian and Western Finnish-speaking
populations in particular. Before Slavic colonization, which
started around the middle of the 1%t millennium, this area was
inhabited by Finno-Ugric tribes, predominantly by the Merya. In
the early 12" century, a settlement of merchants and craftsmen,
which came to be known as Tver, emerged in the estuary of the
Tvertsa river. In the middle of the 13™ century, Tver rose as one
of the 3 Grand Russian Principalities of the Mongol invasion
period. For two centuries, Tver was vying with Moscow for the
right to unify Russian lands under its rule, maintaining its status
as a center of attraction for human resources.

The 15-16" centuries marked the beginning of Karelian
migration from the Karelian Isthmus and the areas adjacent to
Lake Ladoga lying to the North-East of today’s Tver region. In
the wake of the Russo-Swedish war, the migration intensified
dramatically. By 1670, as many as 25,000 to 30,000 Orthodox
Karelians had fled to the lands of Tver. The refugees settled
in the areas devastated by famine and chaos during the Time
of Troubles. They started their own closely built settlements
away from Russian villages. The subsequent waves of Karelian
migration were not so massive [1, 2]. Thus, the exodus of Karels
from their homeland produced an ethnographic group of Tver
Karels who maintained their native Karelian language (the Finnic
subgroup of Finno-Ugric languages) throughout centuries. In
1937, the Karelian national district was established with an
administrative center in Likhoslavl. Two years later, in 1939, it
was abolished, and the activists of the Karelian movement were
arrested. This might have driven some Tver Karels to rethink
their ethnic self-identification. According to the censuses, the
Karelian population shrank in half during the 20th century,
declining from 150,000 people in 1930 (of whom 95% spoke
Karelian) to 7,000 in 2010 [3]; still, Karels remained within the
borders of their habitat [4].

The fact that 2 ethnic groups, Tver Russians and Tver
Karels have been living side by side for over 3 centuries raises
the question of possible genetic admixture between these
two populations. This question was partially answered in
our previous publication on the analysis of the Tver Karelian
gene pool, which we conducted using a panel of 49 lineage-
informative Y-chromosome SNPs for Eastern European
populations [5]. We convincingly demonstrated the genetic
similarity of Y-chromosomes between Tver Karels and the
indigenous populations of Northeast Europe, especially South
Karels and Karelian Veps. The study showed that Tver Karels
retained their ancestral Y-chromosomal gene pool throughout
more than 10 generations in spite of the dramatic twentyfold
population decline and years of mingling with the Russian
population. The massive population decline might be explained
by a change in the self-identification of Tver Karels and their
assimilation by the Russian population. If this explanation
is valid, it would be natural to expect that the genome of
today’s Tver Russians will contain an increased proportion
of Y-chromosomal variants typical of Northeastern European
populations in general and Karels in particular. It is known
that interethnic marriages between neighboring ethnic groups
produce a more stable Y-chromosomal gene pool compared
to the autosomal gene pool because the majority of such
marriages are patrilocal (a woman moves into her husband’s
home village), i.e. resulting in the geographical migration of
mitochondrial DNA and autosomes and no geographical
migration of Y chromosomes. Both of these factors might be
the reason why the autosomal gene pools of Tver Karels and

Tver Russians were hugely mutually influential and became
more homogenous than the Y gene pools.

Studying the gene pools of indigenous peoples with a
genome-wide SNP panel is essential for cataloging the
genetic diversity of the Russian population and identifying
the distinct features of regional gene pools. These data are
important for pharmacogenomics and forensics. The majority
of existing pharmacogenetic protocols have been designed
for European populations and may not produce a satisfactory
result for the Russian populations which carry other allelic
variants; besides, the frequencies of well-studied alleles differ
significantly between the ethnic groups living in Russia, similarly
to the populations of East Asia and Africa [6, 7]. The studies
investigating the frequencies of pharmacogenetic markers in
Russian populations have been summarized in a recent review
[8]. Data on the gene pools are instrumental in forensic analysis
in cases when there is a need to identify the origin of a person
using only trace amounts of DNA. Currently, there are a few
systems for DNA-based identification, and a few others are still
in development, but the key thing is the availability of genetic
data on ancestral populations [9, 10].

The aim of this study was to characterize the gene pools
of Tver Karels and Tver Russians using a genome-wide panel
of 4 milion autosomal SNPs and to analyze the gene flow
between these 2 populations. Conducted on a large dataset of
samples from European Russia, the analysis will serve a more
general purpose of exploring the interactions between Slavic
and Finnish-speaking populations.

METHODS

This field study of the Russian and Karelian populations
inhabiting Tver region followed the method detailed in [11]. The
study included only unrelated individuals who did not share
a common grandparent (according to the information they
provided in the questionnaire) and whose ancestors from at
least 2 previous generations had been born in Tver region, self-
identified as Russian or Karelian and had no memories of other
ethnicities in their ancestry.

Participants were eligible for the study if 1) both of their
grandmothers and both of their grandfathers identified as
Russian or Karelian; 2) they were willing to give informed
consent to participate.

The following exclusion criteria were applied: poor
DNA quality or insufficient DNA amount for whole-genome
genotyping.

The population of Tver Karels was represented by 11
individuals whose ancestors came from the central part of Tver
Karels’ habitat, including Likhoslavl district (n = 4), Maksatikha
district (n = 1), Spirovo district (n = 2), and Rameshki (n = 4)
district. In 1930, the Karelian population of these 4 regions
numbered 88,000, amounting to 58% of the total population
of Tver Karels (the distribution was as follows: 15% resided
in Likhoslavl, 19% in Maksatikha, 8% in Spirovo, and 16% in
Rameshki districts). In 2010, there were only 5,000 Karels living
in these 4 districts, constituting 78% of the total population
of Tver Karels (36% in Likhoslavl, 13% in Maksatikha, 15% in
Spirovo, and 14% in Rameshki districts).

Tver Russians were represented by 30 individuals. Since
we aimed to study interactions between the Russian and
Karelian gene pools, the plan was to compile the Russian
subset in such a way that it would represent the areas that did
not overlap geographically with the habitat of Tver Karels but
were in the vicinity to it. This strategy appears to be optimal
for determining the intensity of gene flow from Russians to
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Fig. 1. The geographical map of the studied Tver region populations. Circles represent places of birth for each of 4 ancestors (2 grandmothers and 2 grandfathers) of
each participant; Tver Karels are shown in red; East Tver Russians are shown in blue; South Tver Russians are shown in green; West Tver Russians are shown in yellow

Karels because the degree of genetic variation between Tver
Karels and the populations of remote Russian settlements
without a past history of direct contact with Karelians might
turn out to be too high due to the genetic differences existing
between Russian populations, whereas the degree of genetic
variation between Karels and Russians living in Karelian vilages
might be too low as the Russian villagers might be actually the
descendants of the Karels who once started to self-identify
as a different ethnicity. For extra control, we studied several
Russian populations (instead of one) living at various distances
from the habitat of Tver Karels. The Eastern population of
Tver Russians occupies the area neighboring the habitat of
Tver Karels (Fig. 1). In the autosomal gene pool analysis, this
population was represented by 13 individuals, all born in the
Kashin district of Tver region. The Western population of Tver
Russians was selected in such a way that geographically it was
at a greater distance from the habitat of Tver Karels than the
Eastern Russian population. The Western subset comprised 15
individuals born in the Selizharovo district of Tver region. Two
individuals from the Torzhok district to the south of Likhoslavl,
the administrative center of Tver Karels, were allocated to a
separate Southern group. Thus, a total of 41 samples collected
from the residents of Tver region were genotyped using a
genome-wide SNP panel. Fig. 1 shows the places of origin for
each of 4 grandparents of every participant.

The gene pool of Tver Russians and Karels was compared
to the gene pools of the Russian populations from neighboring
territories (Archangelsk, Vologda, Voronezh, Kursk, Pskov,
Novgorod, Smolensk, and Yaroslavl) and South and North
Karels residing in Karelia (n = 16). It total, 27 Karelian, 100
Russian and a number of other East European genomes
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(Belarusian, Vepsian, Votian, Izhora Ingrian, Lithuanian, and
Ukrainian) were analyzed using the same genome-wide SNP
panel. The majority of the listed populations were previously
studied using the panels of Y-chromosome markers [5, 12, 13].

All DNA samples, including those collected in Tver region
and those representing the group of comparison, were
genotyped using a panel by lllumina consisting of 4.5 million
SNPs, an Infinium Omni5Exome-4 v1.3 BeadChip Kit (lllumina;
USA) and an iScan genotyping system (lllumina; USA).
Primary data analysis and quality control were carried out in
GenomeStudio v2011.1 (lllumina; USA). For all the studied
samples, the CallRate value was at least 0.99. Thus, genotypes
were generated for 4, 559 465, SNP markers.

The obtained genotypes were uploaded to the GG-base [14]
and are now available for downloading (RussiansTverKashin,
RussiansTverSelizharovo, RussiansTverTorzhok, TverKarelians).

Primary data analysis was performed using the classic
principal component analysis, which allowed us to identify
the overall structure of the studied gene pools. Genetic
drift between the studied populations was measured with
f3-statistics. The D-statistic was employed to identify the
direction of gene flow between the studied populations.

Data filtering was done in PLINK 1.9 [15, 16]. The applied
filters are described below.

Prior to PCA, we filtered out SNPs with the genotyping
rate of < 95% (geno 0.05) and the minor allele frequency
of < 1% (maf 0.01); we also excluded samples with > 10%
missing genotype rates (mind 0.1); SNPs that were in high
linkage disequilibrium with each other (> > 0.2) were pruned
using a sliding window of 1,500 SNPs shifting 150 SNPs at a
time (indep-pairwise 1500 150 0.2). The output files contained
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274,036 SNPs and 126 (of the initial 131) samples. Principal
components were computed in EIGENSTRAT smartpca
[17, 18] with 5 outlier removal iterations. The results generated
by smartpca were visualized using Python 3, pandas [19, 20],
matplotlib [21] and seaborn [22] libraries.

To prepare the data for ADMIXTURE analysis, the same
filters were applied (mind 0.1, geno 0.05, maf 0.01). After that,
SNPs pairs with r? > 0.2 were pruned. The resultant dataset
was analyzed in ADMIXTURE v1.3.0 [23]; cross validation
errors were calculated for each k.

F3 statistics measure the genetic drift between two
populations, i.e. the degree of their genetic ancestry relative
to an outgroup. F3 statistics were computed in gp3Pop
(AdmixTools) [24] using a Yoruba population from the 1000
Genomes Project as an outgroup [25]. Apart from the Yoruba
dataset, the analysis covered 668 samples genotyped for
3,757,004 markers. The following filters were applied: mind 0.1,
geno 0.05, maf 0.01; SNP pairs with r* > 0.5 were excluded
from the dataset. The resultant dataset included 1,144,136
SNPs in a total of 635 samples.

The D-statistic is a tool for detecting genetic admixtures
between 4 populations. In its classic version, the most
genetically distant population (an African one) serves as an
outgroup, and the test identifies the direction of gene flow
between 3 remaining populations. The calculations were
performed in gpDstat (AdmixTools) using a Yoruba population
as an outgroup. In total, 748 samples and 3,757,004 SNPs
were analyzed. The following filters were applied: mind 0.05;
geno 0.2; maf 0.01; r# > 0.6. The resultant dataset included
1,355,253 SNPs in 633 samples.

RESULTS

The position of Tver Russians and Tver Karels in the PCA
space which was constructed based on the genome-wide
panel of 4,500,000 SNPs is shown in Fig. 3. The Tver Karelian
sample is closer to the samples of Karelian Karels and at
some distance from the analyzed Russian populations (Tver,
Novgorod, Vologda and Yaroslavl). Only one sample of Tver
Karels is genetically close to Vologda Russians. All other
samples of Tver Karels cluster together, demonstrating little
genetic variation. This clustering is consistent with the results
of our previous study which analyzed Y-chromosome lineages
[5] and concluded that the community of Tver Karels retained
its ancestral gene pool.

At the same time, the analysis of the autosomal markers
included in the panel reveals a shorter genetic distance between
Tver Karels and Russians. Fig. 2 shows that samples of North
Karels, South Karels, Tver Karels, and Russians together form
a clinal gradient. The closest to Karels are Russians from
Vologda region; Tver, Pskov and Central Russian populations
constitute a single genetic “cloud”. Genetic differences
between the Western and Eastern groups of Tver Russians are
slight yet pronounced and consistent with their geography: the
Western population of Tver Russians shares its genetic space
with Pskov samples, which is seen in the PC plot, whereas the
Eastern population of Tver Russians (Kashin district) remains
on the periphery. Remarkably, two samples from the Eastern
population join the Novgorod-Yaroslavl group, which the
second principal component differentiates from the rest of the
Russian populations (Fig. 2.)

According to PCA, the highest degree of similarity exists
between Tver and Karelian Karels but not between Tver
Karels and the studied Russian populations. Still, PCA results
encourage a hypothesis that the genetic pools of Russian

and Tver Karels might be characterized by a slight degree
of admixture between each other. Of 3 studied Karelian
populations, only Tver Karels shifted towards Russians,
whereas Tver Russians, similarly to other Russian populations
analyzed in this paper, keep their genetic distance from any
of the studied Karelian populations. This suggests that the
most intense gene flow occured from Russians to Karels and
not the other way around. F3 statistics clarify the degree of
genetic similarity between Tver Karels and Eastern European
populations: the closest to Tver Karels are Baltic populations,
including the Izhora (Inger), the Vote, South Karels, Veps,
Lithuanians, and North Karels (listed in the descending order).
Russian populations are more genetically distant from Tver
Karels and can be arranged in the following descending order
based on the degree of similarity: Pskov, Novgorod, West Tver,
Smolensk, Kursk, East Tver, Yaroslavl, Vologda, Voronezh, and
North East Arkhangelsk. Notably, the genetic similarity between
Tver Russians and Tver Karels is far from being pronounced.

The ADMIXTURE analysis can qualitatively and quantitively
assess the contribution of ancestral populations to a studied
genetic pool. With ADMIXTURE, it is possible to vary the number
of populations k to detect common ancestral components with
various degree of fractionality.

At k = 5 (Fig. 3; Table), significant contribution is visible
for only 2 components. Component A is shown in blue; its
contribution is the greatest in the speakers of Uralic languages.
Component B (Lithuanians, Belarusians, Ukrainians and most
Russian populations) is shown in ochre. Component A prevails
in Karelian Karels (85%; see Table). By contrast, component B
is observed in a few individual samples representing this group
but found in every sample of Tver Karels, comprising 41%
of their genomes (see Table). Component B occurs twice as
frequently in Tver Russians, making up 80% of their genomes.
Thus, the results of the ADMIXTURE analysis at kK = 5 do not
contradict the hypothesis about partial gene flow from Russians
to Tver Karels.

At k = 6 (Fig. 3) the picture becomes more detailed and
complex, now showing the contribution of the bright yellow
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Fig. 2. The principal component plot showing genetic variance in the studied
populations. KARn — North Karels, KARs — South Karels, KARt — Tver Karels,
RCN — Novgorod Russians, RCTk — Tver Russians of Kashin (East), RCTt —
Tver Russians of Torzhok (South), RCTs — Tver Russians of Selizharovo (West),
RCY — Yaroslavl Russians, RNP — Pskov Russian, RNV — Vologda Russians.
Individual samples are marked by small circles; centroids (centers of gravity for
each population) are marked by larger circles of the same color

BECTHUK PrMY | 6, 2020 | VESTNIKRGMU.RU



component C (Karelian genomes; see Table). In Karelian Karels,
its contribution reaches 100%; it is twice as rare (562%) in Tver
Karels and very rare in Tver Russians (8%) and Pskov Russians
(4%), indicating that gene flow from these two groups to Karels
was either insignificant or zero. Component C is present in
Russians because all Eastern European populations share
common ancestry. Surprisingly, component C is detected in
other populations inhabiting the territories that neighbor Tver
region, including the Russians of Novgorod (39%), Yaroslavl
(30%) and Vologda (20%).

At k = 8 (see Fig. 3), the chart reflects the differentiation of
component C. The bright yellow component (arbitrary termed
“West Finnish”) still looks influential in Karels and Vologda
Russians (96% in Karelian Karels, 53% in Tver Karels, 20% in
Vologda Russians; this contribution is designated as component E).
However, its contribution to the genome of other Russian
populations is minimal. Perhaps, the presence of this component
in the genomes of Russian populations does not reflect their
recent intermixing with Karels, but is the evidence of historically
distant events like the origin of Russian populations from Slavs
mingling with authochtonous Finnish-speaking tribes.

Thus, at kK = 8 only Vologda Russians are characterized
by a prominent (one-fifth of the genome) contribution of the
Western Finnish component E. In other Russian populations,
where component E is absent, a different component (shown
in light gray, I) is observed, Its contribution is the greatest in
Novgorod (91%) and Yaroslavl (90%) Russians, accounting for
almost entire genome. Component | also constitutes over one-
third of the genome in Tver (39%), Pskov (36%) and Vologda
(84%) Russians. This “Novgorod” component also occurs in
other studied populations of the Central and Southern Russia,
making up at least 38% of their genomes.

Based on what proportion of the genome is represented
by components | and K (arbitrarily termed “South Russian”),
2 groups of Tver Russians can be identified. Interestingly, these
groups are not in accord with their geography genetically:
component K is dominant relative to component | in the
Western part of Tver region bordering on Novgorod region
K/ = 63/27), whereas in the Eastern population of Tver
Russians the contributions of both components are equal
(K/I = 42/42); in Central Tver, the “Novgorod” component |
comprises the entire gene pool (100%).

DISCUSSION

This study was conducted using a genome-wide panel of
autosomal SNPs. lts findings support the conclusion of our
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previous study, in which we used a panel of Y-chromosome
markers: the genetic distance between Tver Karels and
Karelian Karels is closer than between Tver Karels and their
Russian neighbors residing in Tver region [5]. Importantly, it
was not only descriptive statistics (PCA, ADMIXTURE) but also
D-statistics that underpinned this conclusion. Classically, the
D-statistic (the f4-statistic) employs one African population as
an outgroup. The method helps to understand the direction
of gene flow between the 3 remaining populations; its results
are considered reliable at |Z| > 3. The Z scores generated
by the D-statistic (Yoruba, TverKarelians; SouthKarelians,
TverRussians) for the Eastern and Western populations of Tver
Russians were —6.9 and 5.0, respectively. This proves that the
gene pool of Tver Karels is closer to the gene pool of Karelian
Karels than to the gene pool of Tver Russians. At the same
time, there is more pronounced genetic similarity between
Tver Karels and the studied Russian populations than between
the studied Russian populations and Karels from South (and
certainly North) Karelia. Z scores for Tver Karels become
statistically significant if the analysis includes more southern
(relative to Tver) populations of Russians. For example, the D
statistic (Yoruba, RussiansSmolensk; TverKarelians, Karelians)
produces Z = —-3.4 for the Russian populations inhabiting the
South of Smolensk region. This indicates that the gene pool of
Tver Karels, which, on the whole, is similar to that of Karelian
Karels, is reliably close to the gene pools of Smolensk Russians
and other Russian populations.

To sum up, assuming that initially the ancestors of Tver
Karels and Karelian Karels existed as a single population
[1, 2, 4], D-statistics prove that later the ancestors of Tver Karels
accepted the genetic contribution of populations inhabiting
the southern territories of the East European plain. Eastern
Europe has witnessed a lot of complex migration patterns,
so the source of southern admixture in Tver Karels cannot be
identified with absolute certainty; however, history suggests
that the best candidates here are the Russian populations of
Tver and the neighboring regions.

CONCLUSION

We have studied the gene pools of Tver Karels and Tver
Russians using a panel of 4,500,000 autosomal SNPs and
compared them to the samples of Karelian Karels and the
inhabitants of Russian regions bordering on Tver (Pskov,
Novgorod, Vologda, Yaroslavl). The applied statistical methods
(PCA, ADMIXTURE, D- and f3-statistics) generated consistent
results.

_._.; e !I\‘-_.l.._ q

Karelian Karels Tver region (West)

Tver Karels Tver region (East)

Tver region (South)
Pskov region

Vologda region
Novgorod region

Yaroslavl region

Fig. 3. The ADMIXTURE chart (contributions of ancestral components to the studied populations (at different k values). Profiles of individual samples are provided in
separate columns; individual samples representing different populations are separated by vertical bars
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Table. The contributions of ancestral ADMIXTURE components to the studied populations (at different k values)
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The gene pool of Tver Karles retains its similarity to the gene
pool of Karelian Karels despite a long (300 to 500 years) history
of living among the larger Russian population and the twentyfold
population decline during the 20" century. At the same time,
the gene pool of Tver Karels exhibits greater similarity to the
Russian gene pool, in comparison with other analyzed Karelian
populations. Having compared the findings of the analysis of
autosomal SNP markers (a partial shift towards the Russian
gene pool) and the previously obtained results of genotyping for
Y-chromosome markers (no detected admixture between Tver
Karels and Russians), we conclude that gene flow between
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