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Abstract. The Forest and Tundra Nenets in different areas of the Yamalo-Nenets Autonomous Okrug were studied
using Y-chromosome markers. The results of analyzing the genetic structure of Nenets clans using 44 STR markers
of the Y chromosome are presented, taking into account their presence in subethnoses (Tundra and Forest Nenets),
as well as to the Kharyuchi (“true Nenets”) and Vanuito (“foreigners”) phratries. The number of the Nenets (N = 606)
includes the Tundra (N = 536) and Forest (N = 70) Nenets. Sublineage N1a2b1b1a~-B170 is specific for the clans in
the Kharyuchi phratry, and sublineage N1a2b1b1b-B172, for the clans in the Vanuito phratry. Most Forest Nenets
clans have haplogroup N1a2b1-B478. All males of the Pyak clan, which is prevalent in the Forest Nenets, have a
specific haplogroup, N1alalala2alc1~. The results of the study suggest that the Nenets clan associations typi-
cally have a common ancestor in the male line and are characterized by a recent founder effect. Each Nenets clan
has its own specific cluster of haplotypes, equidistant from each other. The structure of Y-chromosome haplotypes
and haplogroups in the Nenets gene pool includes the Nenets heritage from the Khanty and Enets. Many samples
from these sample sets were shown to have rare haplotypes that were absent from the baseline data and to dif-
fer significantly from the other haplotypes found in the populations. They belong to various rare branches of the
Y-chromosome haplogroups found only in these sample sets. Some samples form haplotype variants that have
not been described previously and allow us to characterize the phylogeny of these lineages in more detail. The
Forest and Tundra Nenets differ greatly in the composition of haplogroups, which is fully consistent with ethnologi-
cal and linguistic data on the origin of these populations. The predominant haplogroups are N1alalala2alcl~-
Y13850, Y13852,Y28540 CTS9108 (xY24219, Y24375) and N1a2b1-B478, Z35080, Z35081, Z35082, Z35083, Z35084
(xB169) in the Forest Nenets, and N1a2b1b1a~-B170 (x235104), N1alalala2alc~-Y13850,Y13852,Y13138, PH3340
(xY24219,Y24365) and N1a2b1b1b-B172, 235108 in the Tundra Nenets.
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AHHOTauuA. iccnefoBaHbl ecHble Y TYHAPOBbIE HEHLbl U3 Pa3fNYHbIX paioHoB AMano-HeHeuKoro aBTOHOMHO-
ro okpyra no mapkepam Y-xpoMocombl. [lpefcraBneHbl pesynbraTbl reHeTUYeCKON CTPYKTYPbl HEHELKMX POAOB
no 44 STR-mapkepam Y-XpOMOCOMbI C Y4ETOM UX MPUHAANIEXHOCTU K Cy63THOCaM (TYHAPOBbIE U NECHbIEe HEHLIbI),
a Takxe K ppatpmam Xaproum («<HacToAlme HeHLbl») U BaHynTo («<HOMNeMeHHNKW»). KonnyectBo HeHueB N = 606
nenutca Ha TyHapoBbix (N = 536) n necHbix (N = 70). Jna pofos, nprHagnexatmx K ¢patpun Xaptouu, cneyudpmnyna
cy6nuumsa N1a2b1b1a~-B170, a ana pogos dpatpum Banyinito - N1a2b1b1b-B172. Y 6onblunHCTBa poaoB, OTHOCA-
LMXCA K Cy63THOCY NecHbIX HeHLeB, npucyTcTayeT rannorpynna N1a2b1-B478. Bce myxumnHbl pofa MAK, LOMUHK-
pyIOLLEro y fieCHbIX HEHLEB, NpuHaanexat K cneundnyHon rannorpynne N1alalala2alcl~. Pesynbtatbl paboTbl
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differences in Y-chromosome haplogroups

CBUAETENbCTBYIOT O TOM, YTO POAOBbIE 0ObeIMHEHUA HEHLEB, KakK MPaBW/Io, UMEIOT O6LLEero npefKka no My»KCcKom
NIMHUW, ANA HUX XapakTepeH HefaBHUI 3bdeKT ocHoBaTena. Kaxabli HEHELKMIA pof UMeeT CBOW crneLnduyHbIni
KnacTep ranioTunos, paBHOYZaNeHHbIX Apyr oT gpyra. CTpyKTypa ranfoTMmnoB 1 ranaorpynn Y-XpomMoCcoMbl B CO-
CTaBe HeHeLKoro reHopoHaa AEMOHCTPUPYET HacneAre HEHLIEB OT XaHTOB U SHLEB. 114 MHOrMX 06pasLioB U3 STUX
BbI6GOPOK MOKa3aHbl MHAMBMAYabHbIE PeAKME ranaoTumbl, KOTOpble OTCYTCTBYIOT B 6a3ax AaHHbIX U 3HAUUTENIbHO
OT/INYAIOTCA OT APYrMX ranioTUnoB, OOHAPYKEHHbIX B 3TUX NonynAumax. OHY OTHOCATCA K PasfiMyHbIM peaKuM
BETBAM raniorpynn Y-xpomoCcoMbl, 06HapyKeHHbIM TOJIbKO B 3TUX Bbl6opKax. YacTb 06pa3Los popmmpyeT oTaesb-
Hble BapWaHTbl ranjioTuNoB, KOTOPbIE He ObiNV ONMCcaHbl paHee, 1 NO3BONIAET 6osee NOJPOOHO OXapaKTePM30BaTb
dUNoreHnIo STUX NNHUIA. JlecHble U TYHAPOBbIE HEHLIbI CUNIbHO Pa3fMYaloTCA MO COCTaBy raniorpynrn, Yto MOSIHO-
CTblO COOTBETCTBYET JaHHbIM STHOIOrOB 1 JIMHFBUCTOB O NMPOUCXOXKAEHNIN STUX MONYNALMA. Y NeCHbIX HEHLEB npe-
obnagatot rannorpynna N1alalala2alcl~-Y13850, Y13852, Y28540 CTS9108 (xY24219,Y24375) n ¢ HebonbLwON
yactoTown rannorpynna N1a2b1-B478, 235080, Z35081, Z35082, Z35083, Z35084 (xB169). Y TyHAPOBbIX HeHLEB
JoMuHMpYtoT Tpy rannorpynnbl, N1a2b1b1a~-B170 (xZ35104), N1alalala2alc~-Y13850, Y13852,Y13138, PH3340

(xY24219,Y24365) n N1a2b1b1b-B172, Z35108.

KntoueBble cI0Ba: reHOGOHA; NONyALMI YesloBeKa; reHeTMYeckoe pasHoobpasue; Y-XpoOMOCOMa; HeHLbl

Introduction

The Nenets are an indigenous people of the northern territo-
ries of Western Siberia and the Eastern European part of the
Urals. According to the All-Russian Census of 2021, there
were 49,646 of them. They are divided into European and
Siberian. European Nenets live in the Nenets Autonomous
Okrug of the Arkhangelsk Region, Siberian Nenets live in the
Yamalo-Nenets Autonomous Okrug of the Tyumen Region
and in the Dolgano-Nenets Taimyr Municipal District of the
Krasnoyarsk Territory. A very small number of Nenets live in
the Khanty-Mansi Autonomous Okrug, the Murmansk Region
and the Komi Republic. Together with the Enets, Nganasan
and Selkup languages, the Nenets language belongs to the
Samoyedic group of the Uralic language family. According
to anthropological characteristics, the Nenets belong to the
Mongoloids.

The Nenets are divided into Forest Nenets (living in the area
of the Taz and Pur rivers of the Purovsky district of the Yamal-
Nenets Autonomous Okrug) and Tundra Nenets, inhabiting the
northern Priobye of the Yamal, Tazovsky and Nadym districts.
The number of the Forest Nenets is very small and amounts to
approximately 1,500 people. According to available data, the
Forest Nenets have retained the archaic features of the Nenets
community. The phenotype of the Forest Nenets has a more
pronounced Mongoloid component (a less developed beard,
the presence of epicanthus, a flatter face, a lower bridge of
the nose), but at the same time these features are combined
with Caucasian features: light eyes, a raised tip of the nose
and the base of the nose. The narrow nose brings the Forest
Nenets closer to the Tungus-Manchu peoples of Siberia and the
Yukaghirs, typologically similar to each other; based on these
data, some anthropologists suggest that it was the aboriginal
tribes related to the Yukaghirs that were the predecessors of
the Samoyeds in the modern territory inhabited by the Nenets
(Alekseeva et al., 1972).

The Samoyedic languages are divided into two groups:
Northern Samoyedic (Nenets, Enets, Nganasan) and Southern
Samoyedic (Selkup and the languages of the Sayan High-
lands) (Maitinskaya, 1966). Within the Nenets language,
there are two dialects: the Tundra dialect, spoken by 95 %
of the Nenets, and the Forest dialect. The Tundra dialect, in
turn, is subdivided into three subdialects: western, eastern,
and Bolshezemelsky, which formed the basis of the literary
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Nenets language (Tereshchenko, 1956; Khomich, 1976).
The Forest dialect is used by the Nenets inhabiting the taiga
zone. Understanding between Nenets who speak the Tundra
and Forest dialects is very scarce, since the two dialects have
significant differences in phonetics. Some phonetic features
of the Tundra dialect may be related to the preservation of
these sounds from the Uralic proto-language or they appeared
secondarily, thanks to the language of the aborigines living in
the tundra territories. The second option is supported by the
fact that similar sounds are also found in the languages of the
Chukchi, Koryaks, and Eskimos (UNESCO, 2010).

Such a significant difference in the two Nenets dialects in
phonetic, lexical and morphological features can be explained
by a closer connection of the Forest Nenets with representa-
tives of the Enets, Nganasan, and also some features of the
Forest Nenets dialect bring it closer to the Khanty language.
This once again confirms that the Forest Nenets are an earlier
autochthonous group of the Nenets.

The clan structure of the Nenets has been well studied by
anthropologists and ethnographers (Volzhanina, 2017). Mar-
riages among the Nenets have always been strictly exogamous.
Among the Tundra Nenets, clans were united into two phra-
tries. The first of them is Kharyuchi (“real Nenets”), which
included all the clans of Samoyed origin. The second phratry
is Vanuito (“foreigners”), consisting of clans that go back to
the indigenous population of these territories, as well as clans
of Enets and Khanty origin included in it (Khomich, 1976).

Differences in the composition and frequencies of Y-chro-
mosome haplogroups between these two phratries are shown
in our previous article (Kharkov et al., 2021). It revealed the
features of haplogroup frequencies between the two Nenets
phratries and the clans of the Tundra Nenets, who originated
from the Samoyeds, Enets and Khanty.

The objectives of this article are to increase the samples of
Tundra Nenets and compare them with new samples of Forest
Nenets by Y haplogroups.

The study of the structure of human population gene pools
is one of the key areas of modern genetics. In recent years,
there has been a real breakthrough in population genetics
associated with the widespread introduction of sequencing
methods, both for whole-genome genotyping of samples and
for searching for new informative SNP markers in various
Y-chromosome haplogroups. This makes it possible to analyze
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the differences in the gene pools of the Tundra and Forest
Nenets of the Yamal-Nenets Autonomous Area not only at the
ethnic and subethnic levels, but also at the clan level. If two
people belong to different haplogroups, there can be no rela-
tionship between them in the male line. Genetic relationship is
determined by the similarity of other indicators — haplotypes
with an increase in the number of YSTR for a more detailed
specification of the differences between them.

Until recently, the main problem was the lack of informa-
tive SNP markers for detailed analysis of the phylogenetic
structure and origin of various haplogroups. New basic and
terminal SNPs of the Y chromosome are extracted from the
data of complete genomes for a more detailed analysis of the
division of specific lines of these haplogroups. The number
of SNPs discovered in recent years has already reached many
thousands. Many SNPs have been confirmed on a limited set
of samples and data on the frequencies of the sublineages
they determine in real ethnic groups are absent or are very
approximate, due to the non-representativeness of the samples
studied.

Detailed analysis of haplogroups based on Y-chromosome
SNP and STR genotyping is one of the most effective met-
hods for studying the genetic diversity of human populations.
It allows for a more accurate reconstruction of the origin of
individual sublineages within haplogroups, calculation of
their age and founder effects, as well as description of the
demographic growth of populations and the phylogeny of spe-
cific variants of all Y-chromosome haplogroups. This method
provides a higher level of geographic differentiation among
Y-chromosome variants compared to mitochondrial DNA
(mtDNA) and autosomes. These data can be used to study
migration events and the history of ethnic groups (Underhill
et al., 2000; Adamov, Fedorova, 2024; Adamov et al., 2024).
Y-chromosome DNA markers have shown the highest level
of genetic differentiation between populations compared to
any other genetic systems.

The aim of this study is a comprehensive analysis of
haplogroup frequencies and differences in Y-chromosome
haplotypes in the Forest and Tundra Nenets populations. To
address the differences between them, the structure of Asian
haplogroups Nlal and N1a2 was determined and YSTR data
were obtained to clarify the age and relationships between the
different branches of these haplogroups.

Materials and methods

The study material consisted of DNA samples of men from
various populations of Tundra (N = 536) and Forest Nenets
(N = 70). Over the past few years, we have increased the
number of samples of Forest and Tundra Nenets, which
included additional small clans that were not included in the
population sample published in the previous article (Kharkov
et al., 2021). Increasing the number of samples for various
population samples of the indigenous population of Russia
makes a significant contribution to the study of the specific
features of their gene pools according to Y-chromosome hap-
logroups. Tundra Nenets were collected in the villages of
Tazovsky, Antipayuta, Gyda, Samburg, Aksarka, Beloyarsk,
Yar-Sale, Syunai-Sale, Nadym. Forest Nenets were collected
in the villages of Tarko-Sale and Kharampur. The Kharyuchi
phratry includes the Samoyedic clans Ader, Anagurichi, Vora,
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Vylko, Evai, Lapsui, Nenyan, Okotetto, Susoi, Serotetto,
Tadibe, Taleev, Togoi, Tesida, Khudi, Heno, Yadne, Yando,
Yaptunai. The Vanuito phratry includes the Samoyedic clans
Vanuito, Vengo, Puiko, Yar, Yaptik, Yaungad; the Enets clans
Maryik, Okovai, Ter; the Khanty clans Vekho, Nerkagi, Pu-
rungui, Salinder, Tibichi. The European Nenets clans include
Laptander, Pyryrko, Syadai, Taiberi, which are not part of the
Kharyuchi and Vanuito phratries. The Forest Nenets include
the main clan Pyak, the Samoyedic clan Vello, Segoi; Enets
clans Ayvasedo, Nyach, Ter (Kvashnin, 2011).

The material was obtained during joint scientific and practi-
cal medical expeditions from 2019 to 2024 and deposited in the
bioresource collection “Biobank of the Population of Northern
Eurasia”. Primary biological material (venous blood) was col-
lected from donors in compliance with the written informed
consent procedure for the study. A questionnaire was compiled
for each donor with his pedigree, ethnicity and places of birth
of ancestors. The study included only DNA samples from male
donors who, according to the questionnaire, denied the fact
of miscegenation on the paternal line with representatives of
other ethnic groups in at least three generations.

To study the composition and structure of Y-chromosome
haplogroups, two systems of genetic markers were included
in the study: diallelic loci represented by SNPs and polyal-
lelic highly variable microsatellites (YSTRs). Using 357 SNP
markers, the belonging of men to different haplogroups was
determined. Some of them form the main base lines of hap-
logroups, while the remaining terminal SNPs are present in
specific sublines in different related clans.

Genotyping of terminal SNP markers was performed using
polymerase chain reaction and subsequent analysis of DNA
fragments using RFLP (restriction fragment length polymor-
phism) analysis. For specific terminal SNPs for individual
sublines, genotyping of a small number of samples was car-
ried out based on their YSTR haplotypes and the results of
NGS sequencing of the Y chromosome. The designation of
haplogroups was given with reference to the ISOGG 2019
Y-DNA Haplogroup Tree.

Analysis of STR haplotypes within haplogroups was per-
formed using 44 STR markers of the non-recombining part
of'the Y chromosome (DYS19, 385a, 385b, 388, 3891, 3891,
390, 391, 392, 393, 426, 434, 435, 436, 437, 438, 439, 442,
444, 445, 448, 449, 456, 458, 460, 461, 481, 504, 505, 518,
525,531,533,537,552,570,576, 635, 643, YCAlla, YCAIID,
GATAH4.1,Y-GATA-A10, GGAAT1B07). STR markers were
genotyped using capillary electrophoresis on ABI Prism 3730
and Nanofor-05 devices.

The experimental studies were carried out at the Center for
Collective Use of Research Equipment “Medical Genomics”
(Research Institute of Medical Genetics, Tomsk National Re-
search Medical Center). Construction of median networks of
Y-chromosome haplotypes was performed using the Network
v.10.2.0.0 program (Fluxus Technology Ltd; www.fluxus-
engineering.com) using the Bandelt median network method
(Bandelt et al., 1999). The generation age of the observed
haplotype diversity in haplogroups was estimated using the
ASD method (Zhivotovsky et al., 2004) based on the root-
mean-square differences in the number of repeats between
all markers. When calculating the age of births for individual
haplogroups, single samples that significantly stood out from
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the general cluster of haplotypes were excluded. Calculations
were performed for birth groups of at least five samples. The
generation age was taken to be 30 years, the mutation rate was
0.0033 per locus per generation (Balanovsky, 2017).

The selection of derivative YSNP variants for haplogroup
age estimation was performed based on the coordinate of the
hg38 reference sequence, which falls within the combBED
regions that roughly correspond to X-degenerated euchro-
matin sequences. The combBED sequence consists of
857 Y-chromosome regions with a total length of 8.47 Mb
(Adamov et al., 2015). The age estimation error is calculated
based on the assumption of the Poisson nature of the SNP
mutation process (Poznik et al., 2013). These SNP positions
were extracted from whole-genome sequencing data for
54 Nenets male samples.

Results and discussion

After genotyping of Y-chromosome SNP markers and YSTR
markers, a strong difference was shown between the Forest
and Tundra Nenets in the composition of haplogroups.

The clans of the Forest Nenets belong to two main hap-
logroups, Nlalalala2alcl~-Y 13850, Y13852, Y28540
CTS9108 (xY24219,Y24375) and N1a2b1-B478, Z35080,
735081, 235082, Z35083, Z35084 (xB169), which are
dominant in frequency, and only three samples belonging
to haplogroup N1a2blb1-B170 belong to the Segoi clan.
The set of haplogroups is more diverse among the Tundra
Nenets. The most frequent haplogroups are N1a2b1bla~-B170
(xZ35104), Nlalalala2alc~-Y 13850, Y13852, Y13138,
PH3340 (xY24219,Y24365) and N1a2b1b1b-B172, 235108,
the remaining haplogroups with lower frequencies are listed
in Table 1. Forest and Tundra Nenets do not coincide in the
frequencies of Y-chromosome haplogroups and their clans
differ greatly in the haplotypes of various sublineages.

Y-chromosome haplogroup N1a2b-P43 (previously desig-
nated as N1b and N2), dominant in the Tundra Nenets (indicate
the total 69.8 %), is found with uneven distribution among
East Asian, Siberian and Eastern European populations. Its
highest proportion is present in the populations of Western
Siberia among the Nganasans (92 %), Enets (78 %) and Nenets
(57 %) (Karafet et al., 2002; Tambets et al., 2004; Derenko et

The Forest and Tundra Nenets:
differences in Y-chromosome haplogroups

al., 2007; Rootsi et al., 2007; Mirabal et al., 2009; Iluméie et
al., 2016; Kharkov et al., 2021).

Two branches of the Y-chromosome haplogroup
Nlalalala2-Z1936 are present in the clans of the Tundra
Nenets (Lapthander, Nerkagi, Salinder, Tibichi and Yar) and
a parallel branch of this haplogroup is present in the Forest
Nenets clan Pyak.

Haplogroup Q1bla3b1-BZ99 was found only in three
men from the Anagurichi clan of the Yamal Nenets. It has a
southern Siberian origin, but a very low frequency in most
Siberian populations, so it is not yet possible to compare its
heritage in the Nenets with the aboriginal or alien Samoyedic
population. In the whole-genome data obtained using the
Admixture method, there are almost no data on the composi-
tion of Y-haplogroups of the ancient aboriginal population of
these territories called Sikhirtya. According to ethnographers,
the alien Samoyeds took their daughters as wives (Peoples of
West Siberia, 2005). The number of men of this aboriginal
population has greatly decreased due to clashes with the
ancestors of the Nenets and the spread of various infectious
diseases over the past several hundred years. They were
hunters similar to the Yukaghirs, and their numbers did not
increase from generation to generation, because they did not
master reindeer herding (Khomich, 1970).

The population samples of the Gydan and Yamal Nenets
completely coincide in the composition of haplogroups, but
differ significantly in their frequency (Table 2). Among the
Taz Nenets, the maximum frequency is characteristic of
Nla2b1b1-B170, which corresponds to the proportion of men
belonging to the Kharyuchi phratry. Among the Yamal Nenets,
more than a third in frequency is occupied bY haplogroup
Nlalalala2-Z1936, to which belong almost all representa-
tives of the Laptander clan and part of the Yar clan, who
are descendants of the European Tysiya Nenets (Kvashnin,
2011).

Haplogroup N1a2b1b1-B170. This haplogroup is the
most frequent among the Tundra Nenets. The Nenets are
characterized by its division into specific haplotype variants,
which almost completely coincide with their division into
clans. It completely dominates in the Kharyuchi phratry,
which includes the clans Ader, Evai (Yavai), Lapsui, Nenyan,

Table 1. Frequency of occurrence of Y-chromosome haplogroups in Tundra and Forest Nenets

Haplogroups

N1a2b1-B478, 235080, Z35081, Z35082, 235083, 235084 (xB169)
N1a2b1b1a~-B170 (xZ35104)

N1a2b1b1b-B172,735108

N1a2b2a1-VL97,Y3185 (xZ35049,235070)

N1alalala2-Z1936 (xL1034, CTS9925, PF967.2)

N1alalala2alc~-Y13850,Y13852,Y13138, PH3340 (xY24219,Y24365)

N1alalala2alc1~-Y13850,Y13852,Y28540 CTS9108 (xY24219,Y24375)

Q1b1a3b1-BZ99 (xB30)

714

Nenets,
Tundra Forest
6.8 % (36) 18.6 % (13)
45.8 % (243) 42%(3)
14.1 % (75) -

3.1% (16) -

10.7 % (57) -

18.8 % (100) -

- 77.2 % (54)

0.7 % (4) -

Vavilovskii Zhurnal Genetiki i Selektsii / Vavilov Journal of Genetics and Breeding - 202529 - 5



B.H. Xapbkos, J1.B. Banuxosa, 1.C. Apamos Ocob6eHHOCTUN reHOPOHIO0B JIECHBIX U TYHAPOBbIX HEHLIEB 2025
A.A. 3apy6uH, N.10. XutpurHckas, B.A. CtenaHos o rannorpynnam Y-XpoMOCOMb! 29.5
Table 2. Distribution of Y-chromosome haplogroups among Tundra and Forest Nenets by clans
Clan Haplogroups
N1a2b1-B478, Nla2blbla~ N1a2b1b1b- N1a2b2al- Nlalalala2- Nlalalala2alc~ | Nlalalala2alcl~ Qlbla3b1- Total
735080, -B170 B172, VL97, 71936 -Y13850,Y13852, | -Y13850,Y13852, BZ99 (xB30) number
735081, (xZ35104) 735108 Y3185 (xL1034, Y13138, PH3340 | Y28540 CTS9108
735082, (xZ35049, CTS9925, (xY24219, (xY24219,Y24375)
735083, Z35070) PF967.2) Y24365)
735084
(xB169)
Ader - 6 - - 1 - - - 7
~440 years
(SD=172)
Agichev - - - - - - 1 - 1
Aivasedo 10 1 - - - - 1 - 12
~520 years
(SD =159)
Anagurichi - - - - - - - 3 3
Vanuito - - 58 - - - - - 58
~110 years
(SD=19)
Vora - - - - 2 - -
Vylkoo 4 - - - - - - - 4
Vello - 6 2 - - - - -
~460 years
(SD =164)
Vengo - 1 1 5 - - - - 7
Veho - - - 1 - - - - 1
Evay Yavay - 7 - - - - - - 7
~420 years
(SD=135)
Lapsui - 55 - - - 2 - - 57
~310 years
(SD =140)
Laptander - - - - 31 - - - 31
~110 yearst
(SD=41)
Ledkov - - - - 1 - - - 1
Marik 6 - - - - - - - 6
~230 years
(SD=115)
Nenyang - 4 - - - - - - 4
Nerkagi - - - - - 10 - - 10
~280 years
(SD=117)
Nyach 8 1 - - - 1 - - 10
~400 years
(SD =210)
Okovay 2 - - - - - - - 2
Okotetto - 4 1 - - - - - 5
Puyko - - 4 - - - - - 4
Purungui - - - - - - - 5
~140 years
(SD=74)
Pyryrko 1 - - - - - - - 1
Pyak - - - - - - 52 - 52
~560 years
(SD =183)
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Table 2 (end)
Clan Haplogroups
N1a2b1-B478, Nla2blbla~ N1a2blblb- N1a2b2al- | N1alalala2- | Nlalalala2alc~ Nlalalala2alcl~ | Qlb1a3b1- Total
735080, -B170 B172, VL97, 71936 -Y13850,Y13852, | -Y13850,Y13852, BZ99 (xB30) | number
735081, (xZ35104) 735108 Y3185 (xL1034, Y13138, PH3340 | Y28540 CTS9108
735082, (xZ35049, CTS9925, (xY24219, (xY24219, Y24375)
735083, 735070) PF967.2) Y24365)
735084
(xB169)
Salinder - - - - - 56 - - 56
~600 years
(SD =230)
Segoy - 6 - - - - - - 6
~450 years
(SD=189)
Susoi - 7 - - - - - - 7
~80 years
(SD =45)
Serotetto - 6 - - - - - - 6
~110 years
(SD =84)
S e e e S S S S
Tadbe -2 - e e
T S
Taleev ‘ 2 ‘ - ‘ - ‘ - ‘ 2 ‘ - ‘ - ‘ - ‘ 4
T T T e O B
Tibichi - 3 - - - 14 - - 17
(SD=71)
Togoy - A= -3 e
Togoba - - - e e
Teddo |- - - e e e
Tesida - 21 - - - - - - 21
~70 years
(SD=41)
L e e S S A
Khudi 1 8 - - - - - - 9
~90 years
(SD =48)
L e e e S S S F R
Yadne - 53 - 1 - 2 - - 56
~160 yearst
(SD =85)
Yando — 19 - - - - - - 19
~180 years
(SD =86)
Yaptik 3 1 - ‘ - ‘ - - - ‘ - ‘ 4
Yaptunay - 25 - - - - - - 25
~230 years
(SD=92)
Yar - 11 2 13 17 6 - - 49
~160 years ~520 years ~581 years ~33 years
(SD =94) (SD=111)  (SD=240) (SD =35)
Yaungat - - 1 - - - - - 1
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Segoi, Susoi, Serotetto, Tesida, Khudi, Yadne, Yando, Yaptunai
(Table 2). Its age, estimated by us based on YSTR markers,
is ~500 years (SD = 111). The age of this lineage, according
to YSNP sequencing data from whole-genome data of Nenets
samples, is ~1,030 years; in earlier studies, it was determined
as ~1,650 years (Ilumée et al., 2016). This haplogroup was also
found in several men of the Vello clan, belonging to the Forest
Nenets, which is not formally part of the Kharyuchi phratry.
Another clan that is not part of this phratry, but belongs to this
sublineage is Yar (part of the Vanuito phratry).

The median network N1a2blbla-B170, which includes men
of the Kharyuchi phratry, has a typical star-shaped structure,
with a clearly distinguished central haplotype, from which
all the others originate. The inclusion of almost all clans
of the phratry in this haplogroup confirms the theory of the
community and unity of origin of the Tundra Nenets from a
common male ancestor along the paternal lines. The age of
this haplogroup, estimated by SNP markers (~1,030 years)
does not quite coincide with the approximate time of the main
migration of the Samoyedic tribes from the territory of the
Kulai culture to the far North (Peoples of West Siberia, 2005).
Their migration began in the 3rd-2nd centuries BC, and the
common ancestor of all men of the Kharyuchi phratry along
the male line was formed about a thousand years ago.

The age calculation of the Nenets clans that belong to this
haplogroup according to YSTR is given in Table 2. The time
of the common ancestor for each individual clan approxi-
mately coincides with the data of ethnographers. The Ader clan
(~440 years) is one of the most ancient clans among the Nenets
of the Kharyuchi phratry, and the ancestors of this clan were
among the first to develop the territory to the east of Yamal.
It was first recorded in the yasak book of 1695 (Kvashnin,
2001). The Lapsui clan (~310 years) separated from the third
Kharyuchi wave in the mid-19th century, and the Susoi clan
(~80 years), in turn, separated from the Okotetto clan in the
1920s (Kvashnin, 2001). The age of the second largest Yadne
clan is ~160 years. The Figures 1 and 2 show the median
networks of the clans with the largest number of men: Lapsui
N =55 (Fig. 1) and Yadne N = 53 (Fig. 2).

Haplogroup N1a2b1b1b-B172, Z35108. Another parallel
line, N1a2b1-B172, is characteristic of the Vanuito phratry of
the Tundra Nenets. Its carriers belong to the Vanuito, Vello,
Purunguy, Puiko, Yar and Yaungat clans. The formation
time of this more ancient Nenets branch according to YSNP
is ~1,420 years. The age of these clans is also indicated in
Table 2. The total age of the Purunguy, Puiko, Vello and Yar
clans is ~240 years (SD = 71). Just like for the Kharyuchi
phratry, the age of these clans coincides with the time of their
origin. These clans were first recorded in the materials of the
Surgut Church in 1880, and the Vello clan, in 1860 (Kvash-
nin, 2001). This lineage, present in the Nenets, was inherited
by them from the Khanty ancestors in the male line. Almost
each of these Nenets clans is characterized by the complete
dominance of a specific subbranch N1a2b1b1b-B172, 235108
with terminal SNPs and with a specific haplotype spectrum
emphasizing the recent founder effect. In the north, the Khanty
came into contact with the Nenets, some of them were as-
similated by them, which is confirmed by ethnographic data,
as well as our study of the clan structure of the Gydan Nenets
using Y-chromosome markers (Kharkov et al., 2021).
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Fig. 1. Median network of YSTR haplotypes of haplogroup
N1a2b1b1a-B170 in the Lapsui clan.

Fig. 2. Median network of YSTR haplotypes of haplogroup
N1a2b1b1a-B170 in the Yadne clan.

The median network of this haplogroup (Fig. 3) has a
clearly visible predominant haplotype, but the network itself
consists of two clusters and, unlike the median network of
the Kharyuchi phratry, is more fragmented. This difference
between the two phratries is easily explained by the origin
of these phratries. Vanuito developed on a local aboriginal
substrate and also includes clans of Enets and Khanty origin,
unlike Kharyuchi, who are carriers of the South Siberian
Samoyed component (Prokofiev, 1940). The high frequency
of this main haplotype of the median network in many men
proves the strong demographic growth of these clans over
the past two hundred years with a several-fold increase in the
number of sons from generation to generation.

Haplogroup N1a2b1-B478, 7235080, Z35081, 235082,
735083, 735084 (xB169). This line is specific to the Enets
clans that became part of the Nenets. It is included in the Tun-
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Fig. 3. Median network of YSTR haplotypes of haplogroup
N1a2b1b1a-B170 in the Vanuito, Purungui, Yar, Puiko, Wello, Okotetto
and Yaungat clans.

The genus Vanuito is shown in lilac, the genus Purungui in dark green, the
genus Yar in light green, the genus Puiko in blue, the genus Wello in white, the
genus Okotetto in red, and the genus Yaungat in yellow.

dra and Forest Nenets with a frequency of 6.8 % and 18.6 %,
respectively (Table 1). In particular, N1a2b1-B478 was found
in the Maryik, Nyach, Okovai and Ter clans — Enets clans that
became part of the Tundra Nenets. This haplogroup is also
present in the Forest Nenets clans Ayvasedo, Nyach and Ter,
which are a branch of the Enets clan Muggadi and belong to
the Vanuito phratry. The total age of haplogroup N1a2b1-B478
according to YSTR was ~680 years (SD = 202), according to
Y SNP data of their complete genomes, it is much older than
other haplogroups of the Nenets — ~3,430 years.

The YSTR data apparently determine the age of their
separation from a common ancestor in the male line. The
SNP data determine the time of occurrence of these mutations
several thousand years before the demographic growth of
the Samoyedic peoples in the tundra territory. In the median
network constructed for these clans (Fig. 4), one can notice
the absence of a dominant haplotype, as was typical for the
Kharyuchi and Vanuito phratry. The demographic growth of
the clans belonging to this haplogroup from generation to
generation is much smaller, compared to other clans of the
Kharyuchi and Vanuito phratry. Most likely, this was due
to military clashes between the Enets and Nenets, the small
number of descendants of the Enets clans, and their mortality
from infectious diseases.

The division of this median network into small clusters
may indicate heterogeneity of the origin of the Forest Nenets

The Forest and Tundra Nenets:
differences in Y-chromosome haplogroups

Fig. 4. Median network of YSTR haplotypes of haplogroup N1a2b1-B478.

The Aivasedo genus is shown in light blue, the Nyach genus in dark green,
the Vylko genus in light green, the Syadai genus in blue, the Taleev genus in
pink, the Maryik genus in light blue, the Yaptik genus in red, the Okovai genus
in yellow, the Khudi genus in brown, the Hardyu genus in black, the Pyryrko
genus in grey, and the Heno genus in white.

group. For example, the Aivasedo clan was formed by inclu-
ding components of the Tundra Nenets (the Chor clan) during
their interaction with the Forest Enets (Vasiliev, 1973). The
origin of the Nyach clan is still debated among ethnographers
(Verbov, 1939; Dolgikh, 1960). According to the first version,
this clan is one of the fundamental clans of the Forest Nenets
of unknown origin, according to another version, it is a clan
not of the Forest, but of the Tundra Nenets, which is known in
the tundra under the name Nyats. All these Enets clans were
assimilated by the Nenets and became part of the Vanuito
phratry and the Forest Nenets. They are descendants of the
local indigenous population of these territories, belonging
to the Samoyedic group of languages, who mastered these
areas long before the arrival of the Kharyuchi phratry, who
are descendants of the later second wave of Samoyeds from
Southern Siberia (Vasiliev 1975).

Haplogroup Nlalalala2alcl~-Y13850, Y13852,
Y28540 CTS9108 (xY24219,Y24375). This haplogroup is
completely dominant among the Forest Nenets, to which all
men of the Pyak clan belong (Fig. 5). According to YSNP data,
in comparison with the calculation of a common ancestor ac-
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Fig. 5. Median network of YSTR haplotypes of haplogroup N1alalala2alc1~-Y13850 of the Pyak clan.

cording to YSTR (~560 years), its age turned out to be much
more ancient —~2,680 years. There is no clearly distinguish-
able dominant haplotype in the median network. The Pyak
clan is one of the oldest clans, first mentioned in 1627, which
consists of many divisions (Vasiliev, 1973). This haplogroup
was not found among the Tundra Nenets.

Haplogroup Nlalalala2alce~Y13850,Y13852,Y13138,
PH3340 (xY24219,Y24365). This haplogroup is sister to
the haplogroup of the Pyak clan. Its age according to YSTR
is ~1,405 years (SD = 374). It is found in the clans of the
Tundra Nenets Salinder, Tibichi, Nerkagi, Taiberi, Vora, Yar,
Lar, Togoy, Lapsui.

Haplogroup N1a2b2al-VL97, Y3185 (xZ35049,Z35070).
This is a clade of the European branch of N1a2b, which was
possibly inherited by the Forest Nenets from the Khanty or
Komi. A description of this line is given in our article on the
Khanty (Kharkov, 2023). It is present in the Yar and Vengo
clans with a low frequency. The total age of this haplogroup
in the Nenets was ~1,110 years (SD = 185).

Each of the above-mentioned clans is characterized by the
presence of a dominant haplotype, as well as a pronounced
genetic proximity to individuals belonging to it, which indi-
cates a founder effect for each individual clan and a biologi-
cal relationship of men of each clan along the male line. All
samples belonging to different sublineages have a pronounced
founder effect. They are characterized by a star-shaped phy-
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logeny of median networks, forming separate groups by clans.
Their male ancestors separated from the southern Siberian
populations quite a long time ago and went north into the
tundra territory.

The results of genetic analysis prove that all Nenets clans
are, first of all, a union of relatives on the paternal line. These
data indicate a close relationship between all clans belon-
ging to one of the phratries. With isolated exceptions, each
phratry has its own specific cluster of haplotypes, equidistant
from each other. Most clans of Forest and Tundra Nenets are
characterized by the complete dominance of one haplogroup
with a specific spectrum of haplotypes, emphasizing the recent
founder effect. Two Nenets phratries differ significantly in the
genetic structure of clans by Y-chromosome markers, which
confirms their formation on the basis of different ancestral
components from the autochthonous and migrant popula-
tion. All samples belonging to different sublineages show a
pronounced founder effect.

The fundamental differences between the Forest and
Tundra Nenets in Y-chromosome haplogroups are shown.
Three ethnic groups took part in the ethnogenesis of the
Nenets: the Samoyedic group, the local aboriginal group,
and clans of Khanty origin. As a result of their interaction,
according to B.O. Dolgikh (1960), two phratries of the Nenets
were formed. One goes back to the Samoyeds (Kharyuchi),
and the other to the aborigines (Vanuito). Our results on the
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distribution of various Y-chromosome haplogroups in the
Nenets clans are completely consistent with these data. The
clan structure of the Forest and Tundra Nenets within their
subpopulations was revealed.

Conclusion

The Nenets clans of Khanty and Enets origin are completely
different from each other and from the Samoyedic Kharyuchi
phratry by Y-chromosome haplogroup composition. The age of
YSTR haplotypes for Y-chromosome haplogroups coincides
with the beginning of the demographic growth of mixed
populations. The data obtained in this work supplement the
information on the differences between Forest and Tundra
Nenets. They are in good agreement with the accumulated
body of knowledge from other disciplines studying Siberian
populations: linguistics, areology, anthropology. This makes it
possible to describe in more detail the history of the formation
of the gene pool of Forest and Tundra Nenets. In the course
of the work, an expanded set of YSTR markers was selected
and used, which made it possible to move to a fundamentally
new level of detail in the molecular phylogenetic structure of
haplogroups and differentiation of samples.

References

Adamov D.S., Fedorova S.A. Y-chromosomal STRs mutation rates
in the Yakut population. Russ J Genet. 2024;60(4):533-542. doi
10.1134/S1022795424040021

Adamov D.S., Alekseev A.N., Fedorova S.A. Dating the time to the
most recent common ancestor of the Sakha (Yakuts) with Y chromo-
somal haplogroup N3A2-M1982: new ethnogenetic reconstructions.
Yakutskiy Meditcinskiy Zhurnal = Yakut Med J. 2024;2:88-93. doi
10.25789/YMJ.2024.86.21 (in Russian)

Adamov D., Guryanov V., Karzhavin S., Tagankin V., Urasin V. De-
fining a new rate constant for Y-chromosome SNPs based on full
sequencing data. Russ J Genet Geneal. 2015;7(1):68-89

Alekseeva T.I., Volkov-Dubrovin V.P., Golubchikova Z.A., Pavlovsky
O.M., Smirnova N.S., Spitsyn V.A. Anthropological study of the
Forest Nenets (morphology, physiology and population genetics).
Part I1. Voprosy Antropologii = Herald of Anthropology. 1972;42:
31-54 (in Russian)

Balanovsky O. Toward a consensus on SNP and STR mutation rates on
the human Y-chromosome. Hum Genet. 2017;136(5):575-590. doi
10.1007/s00439-017-1805-8

Bandelt H.J., Forster P., Rohl A. Median-joining networks for infer-
ring intraspecific phylogenies. Mol Biol Evol. 1999;16(1):37-48. doi
10.1093/oxfordjournals.molbev.a026036

Derenko M., Malyarchuk B., Denisova G., Wozniak M., Grzybow-
ski T., Dambueva 1., Zakharov I. Y-chromosome haplogroup N
dispersals from south Siberia to Europe. J Hum Genet. 2007;52(9):
763-770. doi 10.1007/s10038-007-0179-5

Dolgikh B.O. The Tomsk Uezd. In: Dolgikh B.O. The Clanish and
Tribal Composition of the Population of Siberia in the 17th Century.
Moscow: USSR Academy of Sciences Publ, 1960;94-104 (in Rus-
sian)

Ilumée A.-M., Reidla M., Chukhryaeva M., Jarve M., Post H., Kar-
min M., Saag L., ... Balanovsky O., Kivisild T., Underhill P.A.,
Villems R., Rootsi S. Human Y chromosome haplogroup N: a non-
trivial time-resolved phylogeography that cuts across language
families. Am J Hum Genet. 2016;99(1):163-173. doi 10.1016/j.ajhg.
2016.05.025

Karafet T.M., Osipova L.P.,, Gubina M.A., Posukh O.L., Stephen L.,
Zegura S.L., Hammer M.F. High levels of Y-chromosome differen-

The Forest and Tundra Nenets:
differences in Y-chromosome haplogroups

tiation among native Siberian populations and the genetic signature
of a boreal hunter-gatherer way of life. Hum Biol. 2002;74(6):761-
789. doi 10.1353/hub.2003.0006

Kharkov V.N., Valikhova L.V., Yakovleva E.L., Serebrova V.N., Kole-
snikov N.A., Petelina T.I., Khitrinskaya I.Yu., Stepanov V.A. Recon-
struction of the origin of the Gydan Nenets based on genetic analysis
of their tribal structure using a new set of YSTR markers. Russ J
Genet. 2021;57(12):1414-1423. doi 10.1134/S102279 5421120061

Kharkov V.N., Kolesnikov N.A., Valikhova L.V., Zarubin A.A., Sva-
rovskaya M.G., Marusin A.V., Khitrinskaya I.Yu., Stepanov V.A.
Relationship of the gene pool of the Khants with the peoples of
Western Siberia, Cis-Urals and the Altai-Sayan Region according to
the data on the polymorphism of autosomic locus and the Y-chro-
mosome. Vavilovskii Zhurnal Genetiki i Selektsii = Vavilov J Genet
Breed. 2023;27(1):46-54. doi 10.18699/VIGB-23-07

Khomich L.V. Nenets legends about Sihirtya. In: Folklore and
Ethnography. Leningrad, 1970;59-69 (in Russian)

Khomich L.V. Issues of the Ethnogenesis and Ethnic History of the
Nenets. Leningrad: Nauka Publ., 1976 (in Russian]

Kvashnin Yu.N. Basic elements of the clan structure of the Gydan
Nenets. Vestnik Arkheologii, Antropologii i Etnografii = Herald of
Archeology, Anthropology, and Ethnology. 2001;3:199-204 (in Rus-
sian)

Kvashnin Yu.N. Tribal names in Nenets toponomy. Anthropologi-
cheskij Forum = Forum for Anthropology and Culture. 2011;S14:
23-66 (in Russian)

Maitinskaya K.E. Finno-Ugric languages. Introduction. In: Languages
of the Peoples of the USSR. Vol. 3. Moscow: Nauka Publ., 1966;9-
25 (in Russian)

Mirabal S., Regueiro M., Cadenas A.M., Cavalli-Sforza L.L., Under-
hill P.A., Verbenko D.A., Limborska S.A., Herrera R.J. Y-chromo-
some distribution within geo-linguistic landscape of northwestern
Russia. Eur J Hum Genet. 2009;17:1260-1273. doi 10.1038/ejhg.
2009.6

Peoples of West Siberia: Khanty, Mansi, Selkups, Nenets, Enets, Nga-
nasans, Kets. Moscow: Nauka Publ., 2005 (in Russian)

Poznik D., Henn B., Yee M.-C., Sliwerska E., Euskirchen G., Lin A.,
Snyder M., Quintana-Murci L., Kidd J.M., Underhill P.A., Busta-
mante C.D. Sequencing Y chromosomes resolves discrepancy in
time to common ancestor of males versus females. Science. 2013;
341(6145):562-565. doi 10.1126/science.1237619

Prokofiev G.N. Ethnogenesis of the peoples of the Ob-Yenisei region
(Nenets, Nganasans, Enets, Selkups, Kets, Khanty, and Mansi).
Sovetskaya Etnografiva = Soviet Ethnology. 1940;3:67-76 (in Rus-
sian)

Rootsi S., Zhivotovsky L.A., Baldovic M., Kayser M., Kutuev [.A.,
Khusainova R., Bermisheva M.A., ... Ferak V., Parik J., Kivisild T.,
Underhill P.A., Villems R. A counter-clockwise northern route of
the Y-chromosome haplogroup N from Southeast Asia towards
Europe. Eur J Hum Genet. 2007;15(2):204-211. doi 10.1038/s;j.
¢jhg.5201748

Tambets K., Rootsi S., Kivisild T., Help H., Serk P., Loogvili E.-L.,
Tolk H.-V., ... Ferak V., Furedi S., Komel R., Beckman L., Vil-
lems R. The western and eastern roots of the Saami — the story of
genetic “outliers” told by mitochondrial DNA and Y chromosomes.
Am J Hum Genet. 2004;74(4):661-682. doi 10.1086/383203

Tereshchenko N.M. Materials and Research on the Nenets Language.
Moscow, 1956 (in Russian)

UNESCO. Atlas of the World’s Languages in Danger. 2010. Available:
https://unesdoc.unesco.org/ark:/48223/pf0000187026

Underhill P.A., Shen P, Lin A.A., Passarino G., Yang W.H., Kauff-
man E., Bonné-Tamir B., ... Piazza A., Davis R.W., Feldman M.W.,
Cavalli-Sforza L.L., Oefneret P.J. Y chromosome sequence variation
and the history of human populations. Nat Genet. 2000;26(3):358-
361. doi 10.1038/81685

720 Vavilovskii Zhurnal Genetiki i Selektsii / Vavilov Journal of Genetics and Breeding - 2025295


https://link.springer.com/article/10.1134/S1022795424040021
https://link.springer.com/article/10.1134/S1022795424040021
https://elibrary.ru/item.asp?id=67920443
https://elibrary.ru/item.asp?id=67920443
https://pubmed.ncbi.nlm.nih.gov/28455625/
https://pubmed.ncbi.nlm.nih.gov/28455625/
https://pubmed.ncbi.nlm.nih.gov/10331250/
https://pubmed.ncbi.nlm.nih.gov/10331250/
https://pubmed.ncbi.nlm.nih.gov/17703276/
https://������-��������.��/wp-content/uploads/2020/10/Rodovoj-sostav-szhat.pdf
https://pubmed.ncbi.nlm.nih.gov/27392075/
https://pubmed.ncbi.nlm.nih.gov/27392075/
https://pubmed.ncbi.nlm.nih.gov/12617488/
https://link.springer.com/article/10.1134/S1022795421120061
https://vavilov.elpub.ru/jour/article/view/3631
https://elibrary.ru/item.asp?id=12848400
https://elibrary.ru/item.asp?id=21313933
https://elibrary.ru/item.asp?id=21313933
https://pubmed.ncbi.nlm.nih.gov/19259129/
https://pubmed.ncbi.nlm.nih.gov/19259129/
https://pubmed.ncbi.nlm.nih.gov/23908239/
https://pubmed.ncbi.nlm.nih.gov/17149388/
https://pubmed.ncbi.nlm.nih.gov/17149388/
https://pubmed.ncbi.nlm.nih.gov/15024688/
https://unesdoc.unesco.org/ark:/48223/pf0000187026
https://pubmed.ncbi.nlm.nih.gov/11062480/

B.H. Xapbkos, J1.B. Banuxosa, 1.C. Apamos
A.A. 3apy6uH, N.10. XutpurHckas, B.A. CtenaHos

Vasiliev V.I. On the genetic nature of the ethnic components of the
Forest Nenets. Sovetskaya Etnografiya = Soviet Ethnology. 1973;4:
106-112 (in Russian)

Vasiliev V.I. The formation of the Yenisei Nenets: on the ethnic nature
of ethnographic groups in modern peoples of the North). In: Ethno-
genesis and Ethnic History of the Peoples of the North. Moscow:
Nauka Publ., 1975;111-147 (in Russian)

Verbov G.D. Forest Nenets. Sovetskaya Etnografiva = Soviet Ethnol-
ogy. 1939;2:43-65 (in Russian)

2025
295

OcobeHHOCTV reHOGOHAOB NIECHDBIX 1 TYHAPOBbIX HEHLIEB
o rannorpynnam Y-XpoMoCOMbl

Volzhanina E.A. Sociodemographic aspects of the Yamal Nenets
people according to all-Russia censuses of the 21st century. Vest-
nik Arkheologii, Antropologii i Etnografii = Herald of Archeology,
Anthropology, and Ethnology. 2017;3(38):120-130. doi 10.20874/
2071-0437-2017-38-3-120-130 (in Russian)

Zhivotovsky L.A., Underhill P.A., Cinnioglu C., Kayser M., Morar B.,
Kivisild T., ScozzariR., ... Yong K.K., Gresham D., Tournev 1., Feld-
man M.W., Kalaydjieva L. On the effective mutation rate at Y-chro-
mosome STRs with application to human population divergence
time. Am J Hum Genet. 2004;74(1):50-61. doi 10.1086/380911

Conflict of interest. The authors declare no conflict of interest.

Received February 14, 2025. Revised June 11, 2025. Accepted June 12, 2025.

nonynaAuUMOHHAA TEHETUKA YENTOBEKA / HUMAN POPULATION GENETICS

721


https://elibrary.ru/item.asp?id=30382166
https://elibrary.ru/item.asp?id=30382166
https://pubmed.ncbi.nlm.nih.gov/14691732/

