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Momusayus u yenw: IlogpoOHast netanuzanys GUIOreHUH TaIUIOrpyHI Y -XpOMOCOMBI
Y OLIEHKM BO3pacTa Pa3UYHbIX JIMHUH 32 CUeT OIEHKH Pe3yJIbTaTOB IOJHOT€HOMHOTO
CEKBEHHPOBAHHUS BHOCHUT CYIIECTBEHHBIN BKIIA[] B OIpE/IelIeHNE X TePPUTOPHUATBHOTO
MIPOMCXOXKIEHHS, UCTOPUIO AeMOrpaduiecKux mnpoueccoB 1 Murpanuid. OOHapyxeHne
HOBBIX TepMUHaNbHBIX SNP s pasnmuuHbpIX CYONMHHUN Y-XpPOMOCOMBI TO3BOJISIET
YTOYHUTH CHEHUPUIHOCTh BCEX HCCIENYEMBbIX MYXCKHX JIMHUH, IETaTU3UpOBATh UX
STHUYECKUE PAa3JIMuusi U OLIGHUTh BpPEMsl PACXOXKICHHS BCeX BETBEH 1000
rarmorpynnsl. [lensio paGoTel sBUIachk moJpoOHAs (DHUIOTEHHS CeBEPO-€BPa3UNCKOM
rarorpynnsl Nlalalala-F1419 ¢ moMolnbio MOJIHOTEHOMHOTO CEKBECHUPOBAHHS Y -
XPOMOCOM M3 Pa3JIMYHBIX (DUIOTEHETUYECKUX BETBEH OCHOBHBIX JMHUHA M OTIACIBHBIX
peakux oOpasmoB co crenuduuasiMu Y STR-ramorunamu. s Gonee peranpHOM
(GUIOreHnn STHOCTICUU(PHUUYHBIX JIMHUKA OBIJIO YBEIMYEHO KOJMYECTBO 0OpPa3loB
MYXXYWH U3 HOBBIX TIOMYJISIIIMOHHBIX BEIOOPOK. JTO MO3BOJISIET MAKCUMAIIBHO IETATBHO
0XapakTepU30BaTh CTPYKTYPY STOH rariorpymiibl HA OCHOBAHUH W3BJICUCHUS JaHHBIX
no HOBbIM YSNP 13 MONHBIX I'€HOMOB, a TaKXe COMOCTABICHWH HMX C JaHHBIMU
ramrotumoB 1o Y STR-mapkepam.

Memoowr u ancopummol: bbuin u3BnedeHBl crenM(UYHBIE UISL  TAIUIOTPYIIIIBI
Nlalalala-F1419 SNP u3 ¢aiinoB ¢ HOTHOT€HOMHBIM CEKBEHHPOBAaHHEM METOJIOM
NGS y 202 o6paznoB JJHK u3 paznuunbix nomymsamnuii Cudupu, Boctounoit EBpornsi,
Hansnero Boctoka, Cpenneit Asun u Ceeproro Kaskasa. [IpoBenen pacuer Bo3pacta
OTJICJIbHBIX BETBEH MO0 COOTBETCTRBYIOIIUM BbIOOpKaM 00pa3ioB [1]. Paccunran oOmuit
pasMep TPOUYMTAHHBIX HYKICOTHIHBIX TIOCIEIOBATENLHOCTEH 00pa3oB BBIOOPKH
BHYTpu Trpanul oOmactu combBED [2]. Orbop npou3BOAHBIX BapHaHTOB
OCYIIECTBISUICSL 10  KoopAuHate pedepeHCHON mocienoBaTenbHOCTH — hg38,
TMIOTIa AIOIIeH B TIpeienbl pernoHoB combBED. Pacuer morpenrHocTy orieHKH Bo3pacTa
OCHOBBIBACTCS Ha NPEANOJIOXKEHUH O ITyaCCOHOBCKOM XapakTepe mpouecca SNP
myTtanuii [3]. Ananu3 STR-ramnorunos nposoauiu ¢ npumenenunem 45 YSTR (DYS19,
385a, 385h, 388, 3891, 38911, 390, 391, 392, 393, 426, 434, 435, 436, 437, 438, 439, 442,
444, 445, 448, 449, 456, 458, 460, 462, 481, 504, 505, 518, 525, 531, 533, 537, 552,
570, 576, 635, 643, YCAIla, YCAIIb, GATA H4.1, Y-GATA-A10, GGAAT1B07).
[TomyueHHbIE OLIEHKH BO3pacTa CPaBHUBAINCH C JaHHBIMH paboTsl [4] M pacueramu
YFull.
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Peszynomamur:  JleTanu3upoBansl (QUIOTEHHS W TEPPUTOPUAIBLHOE pacCIpeienecHue
cnennuuHblx cyOonuHuidi rammorpynmsl Nlalalala-F1419 Y-xpomocombl 3a cyer
pacmmpenuns criektpa SNP. Y MHOTHX 00pa3noB My»K4HH, OTHOCSIIIUXCS K CHOMPCKAM
U €BPOIECHCKUM MOMyNIALUsIM, OOHAPYKEHO OOJIBILIOE KOIUYECTBO HOBBIX, HE OIMCAH-
HbeIX paHee SNP. B o0meM MaccuBe MapKepoB OHU COCTaBJISIOT OKoyio 20 %, HO s
pasnu4HbIX 00pa3LoB W3 3THOCHEUM(UYHBIX BETBEH MX HO0JI B TEPMHHAIBHBIX SNP
mopoit goxoaut no 100 %. DTu pe3ynbTaThl MO3BOJSIOT 0OJe€e TOYHO BEBISBIATH U
IudpepeHInpoBaTh €e BapUaHTHl Y MYXKYHMH Pa3IMYHBIX POJIOB M CyOITHHYECKUX
rpynn. Ilo pesynbratam BblsBieHHs HOBbIX YSNP wu mpusszke o0pa3noB K
JETAIU3UPOBAHHBIM CYyOIMHUAM B Pa3IMUYHBIX TaljIorpynmnax Obld MIPOBENEH pacyer
BO3pacTa MO CTaHAAPTHOW (opMyiie C Yy4eTOM pacCUYMTAaHHOTO paHee TeMIa MYTH-
poBanust SNP, ykasaHHoro B pa3nuuHbIX cTaThsix u Ha caiite YFull. TIpoBemeno
TCHOTUIIMPOBAHUE IIMPOKOr0 Habopa HHPOPMATHBHBIX I JETadu3aldd STOH
ramorpyns! Y SNP, u3BinedeHHbIX U3 IPOCEKBEHUPOBAHHBIX 00pa3L0B HA MMEIOIINXCS
MOMYJISIIIUOHHBIX BIOOpKax. [TouTu Bce SNP mosHOCTRIO OATBEPIUIIN CBOU aJUICIH Ha
YK€ MPOCCKBEHHPOBAaHHBIX OOpa3llax M Ha BCEX OCTaJIbHBIX OOpa3lax M3 3THUX
rarumorpyn. [lokasano, 4to 60biias 9acTh HOBBIX TepMUHANBEHEIX Y SNP, B couetannu
¢ YSTR-ramnotunamu, o6iagaet O0IbIIONH STHOMOMYJISIHUOHHON criequpUIHOCThI0. B
OOJILIIMHCTBE CIy4aeB CpPaBHHUTENBHBIA aHAM3 CIy4alHO BBIOpaHHBIX O00pPa3loB
MO3BOJISIET NPOBECTH 3THOTEPPUTOPHATBHYIO TNPHUBA3KY O0pasla ¢ TOYHOCTHIO [0
3THOCA, Cy03THOCA UJIH POJA, & B OTAEIBHBIX CIIydasx U 10 KOHKPETHOI'O HACEIEHHOTO
MyHKTa ¥ HOcHTeseH raruioTunoB Y STR. BeimonHeHo nocTpoeHue GUIIOreHETHISCKOTO
IpeBa 3To# Tamorpymmbl o 202 oOpa3mam W MenumaHHBIX ceteir YSTR mmsa ee
Pa3NIMYHBIX JUHUAN OT OOLIEro HpeaKa MO 3TOH ramiorpymnie A0 OTAeIbHBIX 00pa3loB
MYX4YUH cO creuupuuHbIMi TepMuHanbHBIME YSNP. B kauecTBe mpumepa MOKHO
MIPUBECTH OIICHKY BoO3pacTa CHelu(UYHON SIKyTCKO-3BeHKuickol auHuu N-M1984,
KoTopsIid coctaBun 960 net. Bo3pact 6onee pannett muanu N-M2016, k koTopoii BMecTe
AKyTaMd W D3BEHKAMH MpPUHAIJIEkKAT OTHCNIbHBIE 00paslbl Y30€KOB W XaKacosB,
onpezaeneH B 2520 ner. O6umii Bo3pact ramiorpynmnel Nlala mo BceM cekBeHHpPO-
BaHHBIM 00pa3laM CHOMPCKUX, CPEAHEA3NATCKUX U €BPONEHCKUX MOIMYJISILUNA COCTaBUII
14 020 mer. Bospact cnenuduyHoW nuHUM A1 OypsToB cocraBuin 980 mer, y
cubupckux Tarap — 1400 yet, y xakacoB u mopiieB — 740 net. [IpakTudyecku ajist Bcex
TCeHOTUITMPOBAHHBIX 00Pa3IOB MONIyuYeHa TOYHAS NIPHUBA3KA K KOHKPETHBIM crieruduy-
HBIM CyOJIMHUSIM, KOTOPBIE IIOJIHOCTHIO COOTBETCTBYIOT MX ITHUYIECKOH, CyOATHUUECKOM
W POJIOBOW TNPHHAIJICIKHOCTH. B KadecTBe mpruMepa MOXHO MPHUBECTH JAHHBIE O
pa3nuuugx 1o Y-XPOMOCOMHBIM TalIOrpyliaM y TYHJIPOBBIX W JIECHBIX HEHIEB. Y
JIECHBIX HEHIIEB MOJIHOCTHIO JoMuHHpYyeT ramtorpymnma N1alalala2alcl~ (Y13852), k
KOTOPOH mpuHaanexaT Bce Myx4uuHbl pona IIsk. Bospact pona Ik necHbIX HeHLEB
cocraBui 451 ron, poa TyHApoBhIX HeHlleB Canunaep u3 ¢pparpuun Banyiito — 331 rog,
pona Tubuum — 216 ner, 4To XOPOLIO COrjJacyercss ¢ JaHHBIMU aHTPOIIOJIOTOB H
stHorpadoB. [lpenkoBas mis komu, MapuillieB U yaMmypToB iuauS N-Z35179 nmeer
Bo3pact 2800 jet, oOmias uisi MApUIIICB U yIMYPTOB eBporeiickas muHus N-Z35198 —
1660 ner. Jluaus N-Y40117, x xoTopod NpHHAIJIEKAT TPU oOpasna KOMH, HNMEEeT
Bo3pacT 200 net. Bo3pact nmuauu N-Z35193 y tpex yamyprtoB coctapisier 300 ner.
B niesioM pe3ynbraThl pacyeToB Bo3pacTa BeTBel ramiorpynmbl Nlalalala-F1419
COTJIACYIOTCS C JaHHBIMH CPAaBHHBAEMBIX Pa0OT, HO B HEKOTOPHIX CIIydasX HMEIOTCS
pasnnumsa. Yacte Hammx oOpas3noB (GOpMHUpPYeT OTAENbHBIE CYOJMHHH, KOTOpBIE HE
ObUIM OIMMCaHBI paHee, W MO3BOJISIET Oosiee MOAPOOHO OXapaKTEpPH30BaATH (PHUIOTEHUIO
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3TUX JUHUHA. bbUta mpoBeneHa KapTorpaduyeckas NTpPUBS3KAa OCHOBHBIX JIMHUH
ramtorpynnsl Nlalalala-F1419 o ux gactoTe B UCCIE€IOBAHHBIX MOMYJISIIUSX.
Buisoowi: Gunorenns ramtorpymmsl Nlalalala-F1419 moaresep:xnaet, 94To MECTOM ee
HMCXOJIHOTO pacrpocTpaHeHus mo teppuropun Cubupu u EBporsl Obi1a 30Ha FOxHOM
Cubupu WM TPWIETAIIUX TEPPUTOPUN COBpeMeHHOoUW Monromuu. Bce o0pasib
XapaKTepU3yITCS CIeNH()UIHBIM CIIEKTPOM TaIIOTHIIOB, TIOAYEPKUBAIOIIIM HeTaBHUI
a¢ ekt ocHOBaTeNsl y PazTUYHBIX STHOCHEIMU(UYHBIX ITUHUA 3TOH TarIorpyIIIbL.
Onenka Bo3zpacta mo YSNP u YSTR nokasbiBaet, 4To peACTaBUTENH POJOB Y XaKacoB,
IIOPIICB, HEHIICB, CEBEPHBIX M FOKHBIX alTAMIICB SIBISIOTCS POJCTBEHHUKAMH I10
MYKCKOH JIMHUW ¥ MMEIOT POJOHAYaJbHHUKA, JKUBIIETO B OTHOCHUTEIFHO HEIAIEKOM
MPOIIIOM. DTH PE3yJIbTaThI IO3BOJISIFOT TOPA3/I0 TOYHEE PA3ACIUTh (PUIOTCHETHUECKYIO
CTPYKTYpy OTOW TalIOTPYNIBI M TOYHEE OINPEACTUTh BO3PACT UX PACXOXKICHUS,
JIETAIN3UPOBATD MX MPOUCXOXKICHNE U CBSI3b C MUTPAIMSIMHA UX HOCUTENICH B ITPOIILIIOM.
Qunancuposanue. VlccnenoBanue NOJACPHKAHO 3a CUET rpaHTa Poccuilckoro HaydyHoro
donma (Ne 22-64-00060, https://rscf.ru/project/22-64-00060/).
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Motivation and Aim: Detailed analysis of the phylogeny of Y-chromosome haplogroups
and estimation of the age of different lineages through the evaluation of whole-genome
sequencing results contributes significantly to determining their geographical origin,
history of demographic events, and migrations. The discovery of novel single nucleotide
polymorphisms (SNPs) for various subclades of the Y chromosome allows us to clarify
the specific features of all male lineages under study, detailing their ethnic differences
and estimating the time of separation of all branches within any haplogroup. Our goal
was to conduct a detailed phylogenetic analysis of the North Eurasian Nlalalala-F1419
haplogroup using whole-genome sequences of Y chromosomes from different
phylogenetic lineages and isolated samples with specific Y-STR haplotypes. To achieve
a more comprehensive phylogenetic analysis of ethnically specific lineages, we
increased the number of samples collected from new populations.This allows us to
characterize the structure of this haplogroup as accurately as possible by extracting data
on new single nucleotide polymorphisms (SNPs) from complete genomes and
comparing them with haplotypes using Y-STR markers.

Methods and Algorithms: Haplogroup-specific Nlalalala-F1419 single nucleotide
polymorphisms (SNPs) were extracted from genome-wide next-generation sequencing
(NGS) data in at least 202 DNA samples from diverse populations in Siberia, Eastern
Europe, the Far East, Central Asia, and the North Caucasus. Age estimation was
performed using the extracted SNP data. Separate branches were created according to
the corresponding samples [1]. The total size of the nucleotide indices calculated for
each sample within the combBED [2]. Another tool was created using the hg38
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coordinate system, which is part of the combBED. The calculation of the probability of
these changes occurring is based on the assumption that Poisson surgery is a mutant [3].
DNA haplotypes were analyzed using the following markers: DYS19, 385a, 385b, 388,
3891, 38911, 390, 391, 392, 393, 426, 434, 435, 436, 437, 438, 439, 442, 444, 445, 448,
449, 456, 458, 460, 462, 481, 504, 505, 518, 525, 531, 533, 537, 552, 570, 576, 635,
643, YCAIla, YCAIIb, GATA H4.1, Y-GATA-A10, GGAAT1BO07. The age estimates
were compared with the data from [4] and YFull calculations.

Results: The phylogeny and geographic distribution of specific subclades of the
Nlalalala-F1419 haplogroup of the Y chromosome are described by expanding the
range of single nucleotide polymorphisms (SNPs). A large number of novel, previously
unreported SNPs have been identified in many samples from men belonging to the
Siberian and European populations. These SNPs account for approximately 20 % of the
total set of markers, but in some samples from ethnic subgroups, their proportion among
terminal SNPs can reach 100 %. These findings allow for more accurate identification
and differentiation of its variants among men from different genders and ethnic
backgrounds. Based on the identification of new YSNPs and the linkage of samples to
specific subclusters within various haplogroups, an age estimate was calculated using a
standard formula that takes into account the previously reported mutation rate of SNPs,
as reported in various articles and on the YFull database.We performed genotyping of a
wide range of YSNPs that were informative for detailed analysis of this haplogroup,
extracted from sequenced samples using available population samples. Most of the SNPs
had their alleles fully confirmed in the already sequenced samples and in all other
samples from these haplogroups. It has been shown that most of the newly identified
YSNPs in combination with YSTR haplotypes have a high level of ethno-populational
specificity. In most cases, a comparative analysis of randomly selected samples allows
for an ethno-geographical reference of a sample with accuracy in terms of ethnicity, sub-
ethnicity, or clan, and in some cases, even to a specific location and carriers of YSTR
haplotypes. A phylogenetic tree of this haplogroup was constructed using 202 samples
and median YSTR networks for its various branches from the common ancestor of this
haplogroup to individual samples of men with specific terminal YSNPs.As an example,
we can estimate the age of the specific Yakut-Evenki lineage, N-M1984, at 960 years
old. The age of an earlier lineage, N-M2016, which includes individual samples from
Uzbeks, Khakass, and Yakuts, is estimated at 2,520 years old. The total estimated age of
haplogroup NZlala for all sequenced samples from Siberian, Central Asian, and
European populations is 14,020 years old. The age of the Buryat lineage is 980 years
old, the Siberian Tatar lineage is 1,400 years old, and the Khakass and Shor lineage is
740 years old. For most genotyped samples, a specific link to a specific sublineage has
been obtained, which corresponds to their ethnic and subethnic affiliation. As an
example of this, we can refer to data on differences in Y-chromosome haplogroups
between tundra and forest Nenets populations. Among forest Nenets, the haplogroup
Nlalalala2alcl (Y13852) is dominant, and all men from the Pyak clan belong to this
group. The age of the Pyak clan of Forest Nenets is 451 years, while the tundra Nenets
Salinder from Vanuito Phratry is 331 years old and the Tibich clan is 216 years old.
These ages agree well with the data provided by anthropologists and ethnographers. The
ancestral lineage N-Z35179 among the Komi, Mari, and Udmurt people is 2,800 years
old, while the European lineage N-Z35198 common to the Mari and Udmurs is
1,660 years old. The line N-Y40117, which includes three Komi samples, is only
200 years old. Among the three Udmurt samples, the age of N-Z35193 is 300 years.
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Overall, the results from calculating the ages of branches of haplogroup Nlalalala-
F1419 agree with the data from the compared studies, although there are some
differences in the exact ages in some cases. Some of our samples have formed separate
sublineages that were not previously described and allow us to better understand the
phylogeny of these lineages. A study was conducted to map the main lines of the
haplogroup Nlalalala-F1419, based on their frequency in the populations under study.
Conclusion: The phylogeny of Nlalalala-F1419 haplogroup confirms that its initial
distribution in Siberia and Europe occurred in the southern part of Siberia or neighboring
regions of modern Mongolia. All the samples share a specific set of haplotypes,
indicating a recent founder effect within various ethnically specific lineages of this
group. Based on YSNP and YSTR analysis, the age estimates suggest that members of
the Khakass, Shors, Nenets, Northern and Southern Altaians share a common ancestor
who lived relatively recently in the past. This allows us to better understand the
phylogenetic relationships within this haplogroup and determine the time of divergence
more precisely. It also helps us to trace their origins and connections with past
migrations.

Funding: The study is supported by a grant from the Russian Science Foundation
(No. 22-64-00060, https://rscf.ru/project/22-64-00060/).
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