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ABSTRACT: N-M231 is a major human Y-haplogroup comprising the widespread haplogroup N-Z4762 and a rarer haplogroup
N-B482. Due to the limited data available, N-B482 has not been previously studied. We have compiled and analyzed a dataset of
88 N-B482 Y-STR haplotypes, utilizing a vast collection of samples from the Biobank of North Eurasia and genetic data published
elsewhere. According to the phylogenetic analysis of ancient and modern samples, N-B482 has 2 subhaplogroups that diverged at
~12,600 YBP: the Balkan subhaplogroup N-P189.2 and the Altaian subhaplogroup N-Y147969. According to whole-genome
sequencing, N-Y 147969 comprises the North Altaian (N-Y149059) and Mongolian (N-MF36295) branches. The analysis of 28
ancient genomes revealed that N-B482 was widespread in Eurasia during the Neolithic, Bronze, and Iron Ages, spanning from
Baikal to Hungary and from the Arctic to Uzbekistan, but it is now considered a relict. The number of its modern carriers is
vanishingly small: the analysis of our samples from North Eurasia’s indigenous populations (n = 25,000) detects N-B482 presence
only in North Altaians (Kumandins, Chelkans, Tubalars), Mongolians, and Kalmyks. The primary cause of extinction for N-B482
lineages is genetic drift. The Galton-Watson theory of branching processes suggests a high probability of extinction for lineages
with uniparental inheritance.
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1. Introduction

The advent of whole-genome sequencing, its rapid evolution, and the ensuing vast collections of genetic data have
opened the door to exploring the genetic history of human populations, providing us with the tools to study differences
in human DNA nucleotide sequences. The time of genetic events can be estimated using probabilistic mathematical
models that treat mutations as a molecular clock. Single-nucleotide polymorphisms (SNPs) in the Y-chromosome create
a variation between the Y-chromosomes of the male progenitor and his male offspring, which in future generations
translates into the growth of new branches (haplogroups) on the world’s human Y-chromosome phylogenetic tree,
varying in their abundance and time of emergence. Another type of mutation, known as short tandem repeats (STRs),
gives rise to Y-STR haplotypes that differ from one another in the number of repetitive nucleotide sequences, referred
to as motifs. The probability of STR mutations (i.e., the probability of a higher or lower number of motifs) is much
higher than the probability of SNP mutations; therefore, the rates of STR and SNP mutations in the “molecular clock”
are compared to the movements of the second and hour hands, respectively.

In this publication, we analyze STR and SNP mutations to study the phylogenetic structure of the haplogroup N-B482.
The N-B482 was primarily discovered in a single sample in [1]. Since then, no studies have described this haplogroup. It is
a small branch of N-M231, one of 20 major human Y-chromosome haplogroups [2]. The other branch of N-M231, called N-
ZA762, is common in modern populations of Eurasia. According to YFull (https:/www.yfull.com/tree/, accessed on 9
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August 2025), N-B482, also known as N-Y6503, has two subhaplogroups that diverged ~12,800 YBP, namely N-
Y 147969 represented in the YFull database by a single modern sample from the Republic of Altai, Russia. The other,
N-P189.2, is found in a few dozen commercial samples, most of which come from the Balkans [3]. The N-P189.2 was
discovered during commercial testing and appeared on the ISOGG tree in 2012. However, its position remained
uncertain until the publication of a paper by Ilumae et al. (2016) [1]. The haplogroup N-B482 first appeared on the
ISOGG tree in the 2017 version. Due to a lack of information, even the latest version of ISOGG 2019-2020 does not
include the N-Y 147969. According to the literature, subhaplogroup N-Y 147969 is found in Northern Altaians at 6% to
12% [4—6]. The complete Y-chromosome sequence of a modern Altaian (ERS2478500) is provided in [7].

It is well known that the number of family names passed down through male descendants grows smaller over time.
In nations with a long tradition of family names, such as Han or Korean, there are relatively few modern family names.
This phenomenon was first studied in the 19th century in France (Bienaymé) and the UK (Galton, Watson) in connection
with the mass extinction of aristocratic family names. Genetics considers a family name similar to a genetic marker
correlated most distinctly with the Y-chromosome of men [8]. The extinction of family names and Y-chromosome
variants is observed not only within individual lineages but also within entire Y-chromosome haplogroups. Even the
earliest studies of human Y-chromosome phylogeny reported a high rate of extinction of Y-chromosome lineages [9].

This publication presents the first comprehensive study of the rare haplogroup N-B482, based on the analysis of
Y-SNP markers, Y-STR markers, and Y-chromosome whole-genome sequences from modern population samples
provided by the Biobank of North Eurasia, as well as ancient genomes from the existing literature. The integrated
approach allowed us to estimate the distribution of N-B482 in the past and present, update its phylogenetic structure,
and assess factors that had once caused a sharp reduction in the number of its carriers.

2. Materials and Methods

The samples of modern populations were provided by the Biobank of North Eurasia [10]. The samples had been
previously collected following approval by the Ethics Committee of the Bochkov Centre for Medical Genetics and the
acquisition of informed donor consents. We analyzed samples of unrelated male individuals who are third-generation
descendants of men born in and identifying as members of the studied population. DNA was isolated from venous blood
by phenol-chloroform extraction using proteinase K. Y-chromosome SNP markers were genotyped by real-time PCR
with TagMan probes (Applied Biosystems, Waltham, MA, USA) using a 7900 HT Fast Real-Time PCR System
(Applied Biosystems, USA) and an OpenArray technology (Applied Biosystems) on a QuantStudio 12K Flex System
(Applied Biosystems, USA). Fragment analysis was carried out using an ABI 3130xl Genetic Analyzer (Applied
Biosystems) and a Yfiler PCR Amplification Kit (Applied Biosystems) for 17 Y-STR loci.

The median-joining algorithm [11] was applied to construct phylogenetic networks of 17 Y-STR (Yfiler)
haplotypes within haplogroup N-B482. For each marker, its weight was assumed to be 10, and & was set to 0. Median
networks were reconstructed in Network v.10.2.0.0; images for the networks were prepared in Network Publisher
v.2.1.2.5. The time to the most recent common ancestor (TMRCA) for the identified phylogenetic network clusters was
estimated with the ASD method [12]. The mutation rate in the analyzed 17-Y-STR haplotypes (0.0026 mutations per
locus per generation) was derived from YHDR records [13]. The average male generation time was assumed at 31.5
years [14].

Library preparation for three samples (Altai Tubalar, Kalmyk, and Khalkha Mongolian) and their whole-genome
sequencing were conducted at the Evogen Medical Genetics Laboratory (Evogen, Moscow, Russia). Working DNA
concentrations were determined using a Qubit 4 Fluorometer (Thermo Fisher Scientific, Waltham, MA, USA). DNA
purity was assessed from optical density readings using a NanoDrop Spectrophotometer (Thermo Fisher Scientific,
USA). DNA libraries were prepared following the PCR-free protocol provided by the MGIEasy Fast PCR-FREE FS
Library Prep Set V2 manufacturer (MGI, Shenzhen, China). The protocol was preceded by enzymatic fragmentation on
a MGISP-960 automated sample preparation workstation (MGI, China). Quality checks were conducted as per the
manufacturer’s protocol. The samples were sequenced on a DNBSEQ-T7 platform (MGI, China) in the PE150 mode.
The average read depth was >30x, with Q30 > 85%.

The applied single nucleotide variant (SNV) detection protocol for genomic data consisted of raw data pre-
processing, read mapping to the reference genome, duplicate marking, and variant calling. Briefly, adapter sequences
and low-quality reads were removed using the Cutadapt utility (version 4.6, https://cutadapt.readthedocs.io/en/v4.6/,
accessed on 7 May 2025). The filtered reads were mapped to the reference human genome GRCh38 (hg38) using BWA
(version 0.7.17, https://github.com/lh3/bwa/releases, accessed on 7 May 2025). SAM to BAM conversion was done in
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SAMtools (version 1.7, https://www.htslib.org/, accessed on 7 May 2025), the BAM files were then sorted and indexed.
Duplicate reads were located and tagged by GATK MarkDuplicatesSpark (version 4.3.0.0,
https://github.com/broadinstitute/gatk/releases, accessed on 7 May 2025); VCF files were generated using DeepVariant
(version 1.4.0, https://github.com/google/deepvariant/releases, accessed on 7 May 2025).

Among the detected SNVs, SNP mutations were identified using a method by Adamov et al. [15], which effectively
discriminates true mutations from reading, mapping, and other errors. TMRCA was estimated from the number of
mutations in the diverged branches within specific Y-chromosome segments (“combBED” regions) totaling 8.47 Mbp
in length. Within these regions, SNP mutations can be reliably identified because combBEDs primarily contain
euchromatin X-degenerated nucleotide sequences. The rate constant of SNP mutations was assumed to be 0.82 x 10~
per nucleotide per year [15,16].

3. Results
3.1. Gene Geography of Haplogroup N-B482 in the Modern Population

The vast collection of the Biobank of North Eurasia [10] comprises over 25,000 DNA samples from more than 100
indigenous populations of North Eurasia. These samples are genotyped for a broad range of Y-SNP markers, with a
significant proportion also genotyped for 17 or 37 Y-STR markers. For the purpose of this study, the entire array of the
Biobank’s samples was screened for Y-STR haplotypes; the screening revealed that 30 samples belonged to carriers of
different N-B482 lineages.

The haplogroup N-B482, also known as N-Y 6503, is divided into two subhaplogroups that diverged ~12,800 YBP:
the Altaian subhaplogroup N-Y 147969 and the Balkan subhaplogroup N-P189.2 [3].

Of 30 Biobank’s samples with Y-STR haplotypes representing haplogroup N-B482, 29 belonged to the Altaian
subhaplogroup N-Y 147969, including 12 Altai Tubalars, 8 Altai Kumandins, 5 Altai Chelkans, 2 Kalmyks, and 2
Khalkha Mongolians. The Balkan subhaplogroup N-P189.2 was represented by one Russian from the Pskov region. To
increase the sample size, we searched for 17 Y-STR haplotypes in the literature and YHRD [13]. The search brought
up a few haplotypes that fell into the Altaian subhaplogroup N-Y 147969, including 3 Tubalars and 1 Chelkan from [6],
1 Tubalar from [17], and 1 Altaian sample (from an unspecified population) retrieved from the whole-genome data
provided in [7]. We also found 4 published N-Y 147969 haplotypes from China and 12 from different Mongolian
populations. Thus, our pooled dataset for the Altaian subhaplogroup N-Y 147969 comprised 51 Y-STR haplotypes. The
majority of N-Y 147969 carriers (n = 31) in the dataset were North Altaians from small indigenous populations settled
in the Republic of Altai, Altai territory, and Kemerovo region, including Kumandins, Chelkans, and Tubalars (~7300
individuals in total). They traditionally dwell in remote, poorly accessible areas of the Altai Mountains northwest of
Lake Teletskoye. Their ethnogenesis is linked to the long history of contact between autochthonous Ugric, Samoyedic,
and probably Yeniseian (Ket) tribes and migrations of Turkic-speaking populations [18-20].

The Balkan subhaplogroup N-P189.2, detected in modern European populations, is also rare. Its highest frequency
(3—4%) is observed in Serbs [21-23] and does not exceed 1% in Croatia, Slovenia, Bosnia and Herzegovina [24-26].
In addition to one Russian sample from the Biobank’s collection, our dataset of 17 Y-STR haplotypes of the
subhaplogroup N-P189.2 included 36 samples from YHRD [13].

In total, the final dataset of 17-Y-STR haplotypes of haplogroup N-B482 included 88 modern samples. A summary
of these samples is provided in Supplementary Table S2.

3.2. Phylogenetic Structure of Haplogroup N-B482
3.2.1. North Altaian Branch of Altaian Subhaplogroup N-Y 147969

The analysis of two whole genomes representing subhaplogroup N-Y 147969 (an Altai Tubalar and an Altaian from
[7]) placed each of the samples within a separate lineage of this North Altaian subhaplogroup. The number of repeats
for their modal (the most frequent) Y-STR haplotypes is presented below in the ascending order of numerical
designations for Y-STR loci, i.e., as DYS19, DYS385a, DYS385b, DYS3891, DYS389I1, DYS390, DYS391, DYS392,
DYS393, DYS437, DYS438, DYS439, DYS448, DYS456, DYS458, DYS635, GATA-HA4.

Repeats in the first lineage (N-GG1092): 17-11-13-14-31-24-10-14-14-15-9.2-11-20-17-17-23-11;

Repeats in the second lineage (N-Y148261) 16-11-13-14-30-24-10-14-14-15-9.2-11-20-16-17-21-11.

The first lineage, which we named N-GG1092, was represented by the Tubalar, marked by the C—T mutation at
position 9031355 and included 27 samples from the pooled dataset of North Altaians (n = 31). The second lineage N-
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Y 148261, was represented by the remaining four samples (3 Kumandins and 1 Altaian from an unspecified population
from [7]). The count of SNP mutations in the whole genomes of the Tubalar and the Altaian placed divergence of N-
GG1092 and N-Y 148261 at 1220 = 300 YBP.

3.2.2. Chinese Branch of Altaian Subhaplogroup N-Y 147969

In both lineages, locus DYS438 contains an extremely rare allelic microvariant 9.2. We found 4 more samples
carrying this microvariant allele in Chinese populations, which constitute a separate Chinese branch:

16-11-13-13-31-24-10-14-13-15-9.2-11-21-15-17-21-12,

16-11-13-13-31-24-10-14-13-15-9.2-11-21-15-17-21-12,
16-11-13-13-31-24-10-14-13-15-9.2-11-21-15-17-21-13,
16-11-13-14-31-24-10-14-13-15-9.2-11-21-15-17-21-12.

The first three samples were retrieved from YHRD [13], where they were described as Chinese Hans; the fourth
sample belonged to a Tibetan from the Gansu province [27]. The phylogenetic analysis (Figure 1) of Y-STR haplotypes
suggested a relatively close relationship between the North Altaian and Chinese lineages. The ASD interclade estimate
of TMRCA was 5400 + 1900 YBP, placing the Chinese branch within subhaplogroup N-Y 147969.

Knowing the observed frequency of the samples representing the subhaplogroup N-Y 147969 in our pooled dataset
and assuming that the male to female ratio in the general population was 1:1, we estimated the number of N-Y 147969
carriers at 400 men for its North Altaian branch and at 20,000 men for the Chinese branch, concluding that both branches
are relicts.

ARZ-T15, Aldybel culture, Tuva pmmm
AT614, Munkh-Khairkhan —, *‘, N-Y148042

culture, Mongolia
Kh12, Okunevo — S b

culture, Khakassia Chinese branch

N-Y147658(xY148042)

Kh13, Kh15, Okunevo

culture, Khakass N-MF36295

N-Y111068

. N-Y6516

hl

o - -

Figure 1. A phylogenetic network for 17 Y-STR haplotypes of the haplogroup N-B482 (n =93). Color codes for haplotypes: ancient
are shown in blue, North Altaians in red, samples from China in yellow, Mongolians and Kalmyks in aqua, South Slavs in dark
cyan, Middle East in light orange, Russians in fuchsia color.
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3.2.3. Mongolian Branch of Altaian Subhaplogroup N-Y 147969

While screening the Biobank’s collection for Y-STR haplotypes, we discovered another branch of N-Y 147969
missing from the YFull and FTDNA phylogenetic trees. We named this branch Mongolian since its carriers were two
Khalkha Mongolians (Mongolia) and two Kalmyks (Russia). The modal haplotype of this branch consists of the
following tandem alleles listed in the ascending order of Y-STR loci:

15-11-14-13-31-24-10-15-14-15-10-13-20-14-18-21-12.

The search for Y-STR haplotypes in the literature and databases brought up 12 more samples of this rare Mongolian
branch. Among its carriers, there were 3 Mongolians and 1 Daur from Hulunbuir (China) [28], 2 Kalmyks [29], and 3
Mongolians from different regions of Inner Mongolia (China) [30-32]. One more haplotype from Mongolia and two
from China were found in YHRD [13]. According to the whole-genome analysis of the Khalkha Mongolian and Kalmyk
samples, this branch is marked by the MF36295 mutation. The count of SNP mutations suggested that the Mongolian
(N-MF36295) and the North Altaian (N-Y 148042) branches diverged at 8700 £ 1000 YBP. TMRCA for the Mongolian
branch estimated on the basis of 17 Y-STR markers is 1900 + 600 YBP.

3.2.4. Balkan Subhaplogroup N-P189.2

Another subhaplogroup of N-B482 is N-P189.2. In modern samples, the allelic microvariant 24.3 at locus DY S390
simplifies the search for its carriers. The search for Y-STR haplotypes in YHRD [13] and the Biobank of North Eurasia
brought up 2 major geographic regions of N-P189.2 presence: the Balkan Peninsula and the Middle East. The Balkan
Peninsula was represented by a total of 27 samples from Serbia (n = 19), Bosnia and Herzegovina (n = 5), Croatia (n =
2), and Slovenia (n = 1). The Middle East was represented by a total of 7 samples from Kuwait (n = 2), Lebanon (n =
1), Qatar (n = 1), Saudi Arabia (n = 1), Iran (n = 1), and Turkey (n = 1). Two samples from Russia and one from the US
also fell within the subhaplogroup N-P189.2. According to FTDNA (https://discover.familytreedna.com/y-dna/N-
FGC28401/tree, accessed on 19 January 2025), N-P189.2 has 3 branches: N-Y6516, N-Y 111068, and N-FT198615, but
this information is not provided in the scientific literature. Knowing about N-P189.2 branches, we were able to place
the retrieved haplotypes of South Slavs and the haplotypes from Saudi Arabia and Turkey within branch N-Y6516,
locate N-FT198615 to the Middle East, and discover that N-Y 111068 comprises rare haplotypes from Europe, including
the Russian samples from the Ryazan [13,33] and Pskov regions (our sample from the Biobank of North Eurasia).

3.3. Search for Haplogroup N-B482 Carriers in the Ancient Population

A phylogenetic network was constructed for the pooled dataset of modern and ancient 17 Y-STR haplotypes of the
haplogroup N-B482 (n = 93). Figure 1 shows that the haplotypes form distinct clusters corresponding to the branches
of the Altaian subhaplogroup N-Y 147969 (North Altaian branch N-Y 148042, Chinese branch N-Y 147658(xY 148042),
Mongolian branch N-MF36295) and the Balkan subhaplogroup N-P189.2 (branch N-Y 6516 of South Slavs, the Middle
East branch N-FT198615, and 2 Russian samples representing N-Y 111068).

Today, all N-B482 branches are rare. However, the literature describes 28 ancient samples representing N-B482
and suggests that N-B482 was common in Eurasia in ancient times. Table 1 summarizes the published data on ancient
samples dated to 8000-2000 YBP.

Table 1. Summarized data on ancient N-B482 samples in chronological order.

Sample Location YAE; A{:;Tig:‘oﬁg;flal Refs. "l(;; (;)I;?lg Branch
011874  Zhokhov Island, Yakutia, Russia 8000 Mesolithic [34] SNP N-P189.2
DA247 Shamanka II, Irkutsk region, Russia  7787-7610 Early Neolithic [7] SNP  N-Y147969
112695 Razdum’ye-1, Altai territory, Russia  7670-7600 Early Neolithic [35] SNP N-P189.2
111107 Sosnovy-Mys, Irkutsk region, Russia 8000—6000 Serov culture [35] SNP  N-Y147969
FNOO001 Fofonovo, Buryatia, Russia 6000-5500 Neolithic [36] SNP  N-Y147969
115934 Kangalassy, Yakutia, Russia 5488-5448 Syalakh-Belkachi complex [35] SNP  N-Y147969

Tuzovskie-Bugry-1, Altai territory,

113260 Russia 5600-5150 Late Neolithic-Eneolithic [35] SNP N-B482
poris  botal North Kazakhstanregion, 5,55 4o Botai culture [7] SNP  N-PI189.2
Kazakhstan

120089 Beltyry, Khakassia, Russia 48224534  Afanasievo culture, late stage [37] SNP N-P189.2
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Kh12  Uybat-Charkov, Khakassia, Russia  4500-4200 Okunevo culture [38,39] STR  N-Y147969
Kh13 Itkol’ II, Khakassia, Russia 4500-4200 Okunevo culture [38,39] STR  N-Y147969
Khl15 Itkol’ II, Khakassia, Russia 45004200 Okunevo culture [38,39] STR  N-Y147969
Merek Kazakh i
111735 Mereke, West Kazakhstanregion, o ) 4 Poltavka culture [40]  SNP  N-P1892
Kazakhstan
111737 Mereke, West Kazakhstan region, ) /s 196, Poltavka culture [40] SNP  N-P1892
Kazakhstan
TIP001  Tipki, Stavropol territory, Russia 41423837 Lola culture [41] SNP N-P189.2
NEO900 Sjauke, Pavlodar region, Kazakhstan 3886-3721 Elunino culture [42] SNP N-P189.2
13173/ Munkh-Kharrkhan, Khovd, 3829-3644  Munkh-Khairkhan culture  [38,39,43]SNP, STR N-Y 147969
AT614 Mongolia
113768/ . .
UAAOO] Ulziit, Bayankhongor, Mongolia 3160-2997 Late Bronze Age [43] SNP  N-Y147969
111926 Cumai, Taraclia district, Republic of ) Bronze Age (presumably) ~ [44]  SNP  N-P189.2
Moldova
11503/ i . .
R1 Ludas-Varjudiilé, Hungary 2928-2784 PreScythian MezOcsat Culture  [45] SNP  N-Y147969
NEO70/  Bazaiha, Krasnoyarsk territory,
RISES54 Russia 2775-2728 Late Bronze Age [42,46] SNP  N-Y147969
ARZ-TI15 Eerbek river, Tuva, Russia 2800-2400 Aldy-Bel culture [47] STR  N-Y147969
110944/ . .. Ancient Greek colony, battle of
W0461 Himera, Sicily, Italy 2430 Himera 480 BC [48] SNP  N-Y147969
C1650 Tekes, Xinjiang, China 2490-2350 Early Iron Age [49] SNP  N-Y147969
C1668 Tekes, Xinjiang, China 2300-2008 Early Iron Age [49] SNP  N-Y147969
110519/ Turgen 2, Turgen, Almaty region, .
DA220 Kazakhstan 2300-2000 Tien Shan Wusun [50] SNP  N-Y147969
R kh i
L8630 abat, Surkhandarya region, 2150-1950 Kushan Empire period [51]  SNP  N-P189.2
Uzbekistan
C1664 Tekes, Xinjiang, China 2094-1974 Early Iron Age [49] SNP  N-Y147969

To better illustrate the results, we compiled a geographic map with ancient and modern samples, presented in
Figure 2.

Of 28 ancient samples (Table 1), 24 were genotyped for SNP mutations at various coverage depending on the
degree of DNA degradation. The sample AT614 (subhaplogroup N-Y 147969) from the Munkh-Khairkhan culture burial
site was genotyped for both SNP and STR polymorphisms. This allowed us to place two more ancient samples with
STR haplotypes (Kh12 from the Okunevo culture and ARZ-T15 from the Aldy-Bel culture) within the subhaplogroup
N-Y147969. These samples had the microvariant allele 9.2 at locus DY S438. In the phylogenetic network, two ancient
samples from the Okunevo culture (Kh13 and Kh15) are adjacent to the Mongolian branch N-MF36295 (Figure 1). The
phylogenetic network illustrates convincingly the correctness of placing five ancient Y-STR haplotypes (Table 2) within
modern branches (Figure 1, haplotypes are shown in black).

Table 2. Y-STR haplotypes of 5 ancient samples representing haplogroup N-B482 presented in the order of numerical designations:
DYS19, DYS385a, DYS385b, DYS3891, DYS3891I, DYS390, DYS391, DYS392, DYS393, DYS437, DYS438, DYS439,
DYS448, DY S456, DYS458, DYS635, GATA-H4

Sample Y-STR Haplotype References
Khakassia, Okunevo culture, sample Kh12  16-11-13-14-31-24-10-14-14-15-9.2-11-21-14-17-22-12 [38]
Mongolia, Khovd aimag, Munkh-Khairkhan
culture, sample AT614 16-11-13-14-31-24-10-14-14-15-9.2-11-21-15-18-22-12 [38]
Tuva, Aldy-Bel culture, sample ARZ-T15  16-11-13-13-29-24-10-14-14-15-9.2-11-21-15-17-22-12 [47]
Khakassia, Okunevo culture, sample Kh13  15-11-13-13-31-24-11-14-14-14-10-12-21-14-18-21-12 [38]
Khakassia, Okunevo culture, sample Kh15 15-11-13-13-31-24-11-X-14-14-10-12-21-14-18-21-12 [38]
Note: X—data not available.
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Figure 2. Geographical distribution of the N-B482 ancient and modern carriers. Color codes: ancient samples are shown in blue,
modern in red. Legend symbols: circles—N-Y 147969, triangles—N-P189.2, square—N-B482. Ancient samples: 1—Zhokhov
Island, Yakutia, Russia; 2—Shamanka II, Irkutsk region, Russia; 3—Razdum’ye-1, Altai territory, Russia; 4—Sosnovy-Mys,
Irkutsk region, Russia; 5—Fofonovo, Buryatia, Russia; 6—Kangalassy, Yakutia, Russia; 7—Tuzovskie-Bugry-1, Altai territory,
Russia; 8—Botai, North Kazakhstan region, Kazakhstan; 9—Beltyry, Khakassia, Russia; 10—Uybat-Charkov, Khakassia, Russia;
11—Ttkol’ II, Khakassia, Russia; 12—Mereke, West Kazakhstan region., Kazakhstan; 13—Tipki, Stavropol territory, Russia; 14—
Sjauke, Pavlodar region, Kazakhstan; 15—Munkh-Khairkhan, Khovd, Mongolia; 16—Ulziit, Bayankhongor, Mongolia; 17—
Ciumai, Taraclia district, Republic of Moldova; 18—Ludas-Varjudiilé, Hungary; 19—Bazaiha, Krasnoyarsk territory, Russia; 20—
Eerbek river, Tuva, Russia; 21—Himera, Sicily, Italy; 22—Tekes, Xinjiang, China; 23—Turgen 2, Turgen, Almaty region,
Kazakhstan; 24—Rabat, Surkhandarya region, Uzbekistan. Modern samples: 25—Northern Altai, Russia; 26—China (no details
found); 27—Gansu, China; 28—Hulunbuir, Inner Mongolia, China; 29—Jalaid Qi, Inner Mongolia, China; 30—Kalmykia, Russia;
31—Hohhot, Inner Mongolia, China; 32—Horqin district, Inner Mongolia, China; 33—Mongolia; 34—Bosnia and Herzegovina;
35—~Croatia; 36—Serbia; 37—Slovenia; 38—Turkey; 39—Iran; 40—Kuwait; 41—Lebanon; 42—Qatar; 43—Saudi Arabia; 44—
Pskov region, Russia; 45—Ryazan region, Russia.

3.4. Phylogenetic Analysis of Haplogroup N-B482 for Ancient and Modern Populations

Minding the hierarchy of SNP mutations in the genomic data from eight ancient and four modern samples, we
constructed a phylogenetic tree for the haplogroup N-B482 (Figure 3). TMRCA for N-B482 samples was estimated
based on two datasets. For the Altaian subhaplogroup N-Y147969, TMRCA was estimated from the average number
of SNP mutations in four whole genomes (the Biobank’s samples of an Altai Tubalar, Kalmyk, Khalkha Mongolian,
and an Altaian from [7]). For the Balkan subhaplogroup N-P189.2, the TMRCA was estimated based on the average
number of mutations according to YFull (78 mutations after the branching point from a dataset of 44 samples) [3]. The
accuracy of the estimates was good; TMRCA was dated to 12,600 = 1300 YBP (information about SNP mutations in
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the combBED regions of the Altai Tubalar, Kalmyk, and Khalkha Mongolian samples is given in the Supplementary
Table S1).

The obtained dating for the oldest branching point of haplogroup N-B482 was used as a timeline to date other
branches of the phylogenetic tree. Briefly, we aligned the allelic reads from the ancient samples to the list of mutations
detected in the modern samples of N-Y 147969 and N-P189.2 carriers. The divergence time for these lineages was
estimated from the ratio of the ancestral to the derived alleles in the ancient samples sequenced at high coverage (see
time scale in Figure 3).
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Y¥148042

Y148364

1137638 Ulziit
Y147918 | Bayankhongor, Mongolia
C1650 Tekes
Y147658 Xinjiang, China
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Figure 3. The phylogenetic tree of the haplogroup N-B482. Red lines represent branches of our whole genome sequencing samples,
while blue lines represent branches of ancient samples. The x-axis represents the time scale in YBP.

We were unable to accurately identify the lineages of seven out of 13 ancient samples representing the Altaian
subhaplogroup N-Y 147969 because of low coverage. However, some of the identified mutations suggested with
certainty the positions of those samples in the N-Y 147969 phylogenetic tree (Figure 3). The haplogroup branch of the
sample from the Fofonovo burial site (6000-5500 YBP) diverged from other samples at 10,800 = 2500 YBP. The
sample 111107 from the Irkutsk region (Sosnovy-Mys, 8000—6000 YBP) constituted a separate ancient lineage not
found in modern samples. The ancient samples from Yakutia (Kangalassy, ~5500 YBP) and the Krasnoyarsk territory
(Bazaiha, ~2750 YBP) turned out to be distant relatives of modern Mongolian-speaking MF36295 mutation carriers.
Closer to modern North Altaians is the oldest sample from the Shamanka II burial site (~7700 YBP). Just like North
Altaians, the remaining eight samples were positioned on the N-Y 147658 branch dated at ~8000—9000 YBP. The sample
from Sicilia was in the same branch N-Y147658(xY 147918) as the sample from Hungary. The Asian samples AT614,
UAAO001, DA220, C1664 and C1668 (see Table 1) shared the branch N-Y 147918 with the sample C1650 from Xinjiang,
China. The observed hierarchy of ancient mutations suggests that the Y 148042 mutation is an SNP marker of modern
North Altaians.

Of 10 ancient samples, nine were compared with modern samples representing the Balkan subhaplogroup N-
P189.2. The whole genome of the oldest sample from Zhokhov Island in the Arctic (~8000 YBP) was yet unavailable
for study. There were two samples (Figure 3) with good coverage: one from Kazakhstan (Botai, ~5100 YBP) and the
other from Khakassia (Beltyry, ~4700 YBP). Sequence alignment revealed an ancestral allele at position P189.2 in the
ancient samples from the Altai territory (Razdum’ye-1) and Khakassia (Beltyry). Therefore, it would be more accurate
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to name the lineage N-Y 6517 after the mutation identified in the majority of its representatives. The earliest to diverge
was the branch of one of the most ancient samples (Altai territory, Razdum’ye-1, ~7600 YBP), followed by the branch
of the Khakassian sample (Beltyry, ~4700 YBP). The Y6533 mutation was shared by the branches of the ancient Botai
sample and all other ancient and modern samples with a TMRCA of 9500 = 1700 YBP. Among them, there was a
sample from Kazakhstan (Sjauke, ~3800 YBP), but its lineage could not be identified due to poor coverage. Individual
mutations discovered during the process of alignment in two samples from Kazakhstan (Mereke, 40004400 YBP), the
Stavropol territory in Russia (Tipki, ~4000 YBP), Moldova (Ciumai, Bronze Age), and Uzbekistan (~2050 YBP) placed
these samples in a currently rare branch N-Y111068. We were unable to identify the position of the sample from the
Altai territory (Tuzovskie-Bugry-1, ~5400 YBP) in the branches of subhaplogroups N-Y 147969 and N-Y6517 due to
low genome coverage: perhaps, it constitutes a separate, currently extinct lineage within the haplogroup N-B482.

It is believed that a population that carried different lineages of the Y-chromosome haplogroup N arrived in the
Baikal region from Northeast China ~9000 years ago [52]. Not coincidentally, the majority of the oldest N-B482
samples were discovered in the Irkutsk region, Buryatia, and Yakutia (Table 1). In our dataset, South Siberia was
represented by ancient samples from the Altai territory (112695, 113260), Khakassia (120089, Kh12, Kh13, Kh15),
Krasnoyarsk territory (NEO70), Tuva (ARZ-T15), and by samples of modern North Altaians, including Kumandins,
Chelkans, and Tubalars. STR haplotypes suggest that two Mongolian samples from the Bronze Age (AT614 and
UAAOO01) are related to the sample from the Okunevo culture Kh12.

Most of the ancient samples representing the Balkan subhaplogroup N-P189.2 (N-Y6517) come from North
Kazakhstan. The oldest is the sample BOT15 from the Eneolithic Botai culture. Donors of the samples 111735 and
111737 from the Poltavka culture and the sample NEO900 from the Elunino culture lived in the Bronze Age. Overall,
Bronze Age samples belonging to the Balkan subhaplogroup N-P189.2 (N-Y6517) tend to come from more western
regions than the samples of the Altaian subhaplogroup N-Y147969: the sample TIPOO1 from the Lola culture was
discovered in the Stavropol territory, Russia, whereas the Bronze Age sample 111926 came from Moldova. Early Iron
Age samples of the Altaian subhaplogroup N-Y 147969 from Kazakhstan (DA220) and Xinjiang (C1650, C1664, C1668)
are geographically close to each other (345 km) and might represent the same population. The sample L8630 was found
among the Kushan Empire samples in southern Uzbekistan.

Clearly, the Altaian subhaplogroup N-Y 147969 was very widespread in ancient times. Its carriers gradually
migrated westward from Lake Baikal and finally arrived in Europe. The male donor of the sample IR 1 lived in Pannonia
in the Early Iron Age (~2850 YBP) before the arrival of the Scythians. He may have descended from the first nomadic
migration led by the Cimmerians from the East of the Eurasian steppe. Two cultural innovations, specifically mare
milking (~3350 YBP [53]) and horse riding (~3000 YBP [36]), allowed ancient nomads to travel enormous distances
in a short time. The autosomal genomes of Cimmerians and the Karasuk populations of South Siberia are closely related
[54], supporting the archaeological hypothesis regarding the Karasuk cultural origin of Cimmerians [55]. Some bearers
of the Karasuk culture, in turn, were descendants of the Okunevo culture populations that inhabited the region in earlier
times. The donor of the sample 110944/W0461 was a mercenary in the Ancient Greek army [48] and died in 480 BC in
a battle with Carthaginians in Sicilia.

Table 1 shows that the subhaplogroup N-Y 147969 survived the dramatic reduction in Y-chromosome diversity in
the Neolithic time at 8000—4000 YBP [56] and the Late Bronze Age collapse at 3100-3200 YBP. However, most
lineages of the Altai subhaplogroup N-Y 147969 died out. The remaining relicts include small branches of North
Altaians, Mongolian-speaking populations, and some individuals from China (Figure 1). It seems that the Late Bronze
Age collapse affected populations within the Balkan subhaplogroup N-P189.2 (N-Y6517) inhabiting the vicinity of
copper mines in the South Urals. Only two ancient samples from the Iron Age were found within this subhaplogroup:
L8630 from Uzbekistan (Table 1) and a Sarmatian sample from the Lower Volga region [57].

Overall, all modern branches of the haplogroup N-B482 have a very small number of carriers, and most of the
branches represented by ancient samples in Table 1 and Figure 3 are now extinct.

4. Discussion

Out of four key factors of microevolution (mutations, migrations, genetic drift and natural selection), migrations
and genetic drift may have become the major driving forces in shaping the genetic landscape of the Y-chromosome.
Natural selection does not play a significant role in this process because haplogroup-marking mutations are neutral.
Besides, the analyzed branches of the haplogroup N-B482 emerged in the past 10,000 years when cultural evolution
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was far more effective than biological evolution [2]. Mutations led to the emergence of new branches within the
haplogroup N-B482 in the past (and still do in the present) (Figures 1 and 2), but did not affect their further trajectory.

Unlike mutations, migrations can not only increase, but also reduce differentiation. The majority of haplogroup N-
B482 carriers were nomads from the Bronze Age and Early Iron Age who migrated actively across the Eurasian steppes.
The sample IR1 from an Early Iron Age burial in Hungary represents the Pre-Scythian Mezdcsat culture, which was
dominated by Cimmerians. In Pre-Scythian times, early nomads from the Karasuk-Arzhan migration wave entered a
relatively non-violently foreign Thracian context, creating a Thraco-Cimmerian community [58]. Hypothetically, the
arrival of a non-typical Balkan subhaplogroup N-P189.2 (N-Y6517, branch N-FT198615) in the Middle East may have
been associated with the military campaigns of the Cimmerians or Scythians in Western Asia during the 8th—6th
centuries BC, as described by Herodotus [59].

However, the main factor that reduces diversity among Y-chromosome lineages in small populations is genetic
drift. The systematic extinction of individual haplogroup N-B482 lineages is a result of random genetic drift. The
bottleneck effect is a form of genetic drift characterized by a dramatic reduction in the population’s size further followed
by its growth. In the past, the bottleneck effect could have affected either an entire population (through natural disasters,
famine, epidemics, efc.) or primarily its male members (through wars, sex imbalance, etc.) [60,61]. The extinction of
some Y-chromosome lineages may have been caused by economic factors that affected population growth rates, such
as unequal access to resources. If such factors had a lasting effect, they may have caused the extinction of those Y-
chromosome lineages that were less competitive [62]. However, the key factor in eliminating Y-chromosome lineages
which exerts its effect even when the analyzed populations are initially equal in size is a continuous universal extinction
of male lineages due to the stochastic character of female and male births with a probability close to 0.5. This process
was first described by Galton and Watson (see Appendix A).

However, the relict branch of the North Altaians persists to the present day, although the majority of the ancient
N-Y 147969 subhaplogroup branches have died out. The Altaian subhaplogroup N-Y 147969 has survived, while many
branches of other haplogroups have become extinct due to the random nature of the universal extinction of paternal
lineages. The ancestors of North Altaians within this lineage were reproductively fortunate: they produced more boys
than girls, unlike their competitors from other lineages. This saved the relict branch of the N-Y 147969 subhaplogroup
from extinction. The South Slavic branch within subhaplogroup N-Y6516 is a similar case of accidental reproductive
success. Although it is only 750 years old [3], it is one of the most frequent branches within N-B482, reaching a
frequency of 3—4% among Serbs (120,000-160,000 male individuals).

5. Conclusions

We have conducted a comprehensive phylogenetic analysis of our own collection and literature data on Y-
chromosome lineages of ancient and modern haplogroup N-B482 carriers. This haplogroup was widespread in the
Neolithic, Bronze, and Iron Ages, occurring from Baikal to Hungary and from the Arctic to Uzbekistan, but today the
number of its carriers is vanishingly small. The Altaian subhaplogroup N-Y 147969 now mainly occurs in North Altaians
(Kumandins, Chelkans, and Tubalars) and in Mongolian and Chinese populations. Based on whole-genome sequencing
data from three N-Y 147969 samples (Altai Tubalar, Kalmyk, and Khalkha-Mongolian), we were able to describe a
previously unknown phylogenetic structure of the North Altaian (N-Y 148042) and Mongolian (N-MF36295) branches
within the Altaian subhaplogroup N-Y147969. The rare Chinese lineage is probably derived from N-Y 147658, which
also includes North Altaians. Further research is needed to establish its precise position in the phylogenetic tree. So far,
we know that the Balkan subhaplogroup N-P189.2 (N-Y6517) occurs farther to the west in Europe (mostly in the
Balkans) and in the Middle East.

Factors of cultural evolution, such as the Neolithic Revolution or the Bronze Age demographic collapse, do not
explain the extinction of N-B482 branches. We claim that the main cause of their elimination is genetic drift, a universal
mechanism for the elimination of paternal lineages associated with the stochasticity of female or male births with a
probability close to 0.5. The Galton-Watson theory of branching processes demonstrates that this stochastic competition
leads to a high extinction probability for Y-chromosome lineages over time.

Supplementary Materials

The following supporting information can be found at: https://www.sciepublish.com/article/pii/730, Table S1: The
subhaplogroup N-Y 147969 Y-SNP list; Table S2: The haplogroup N-B482 modern samples.
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Appendix A
Extinction of Genealogies in the Theory of Galton-Watson Branching Processes

The number of modern descendants of those men who lived in the past can vary significantly depending on a
multitude of factors. An attempt to explain the extinction of British aristocratic family names by a stochastic branching
process was made by Galton and Watson in the 19th century. The Galton-Watson branching process makes allowance
for a variance in the number of male offspring, including the absence thereof, produced by different men. Although the
model cannot cover the entire diversity of causes underlying the extinction of male lineages, its simplicity illustrates
the universal, overarching character of stochastic elimination of paternal lineages. The Galton-Watson theory of
branching processes is outlined in [63,64].

The extinction probability of male lineages depends on the probability distribution for the number of sons
Do, P1, P2, P3, -, Where pg is the probability of not having sons, p; is the probability of having one son, p, is the
probability of having 2 sons, etc. The distribution defines 2 important parameters: the average number of sons A and
dispersion o2.

Alfred Lotka [65] demonstrated that the following distribution well describes the American statistics on male offsprings:

~ { 04825,k = 0 }
Pk =10.2126 - 0.58931 k = 1,2, ..

If we ignore the first member of the distribution p,, then this distribution will have the shape of a geometric
distribution. For a purely geometric distribution, the first member in the example would equal 1 — 0.5893 = 0.4107,
which is slightly lower than the probability suggested by Lotka.

The probability of a stochastic number of offspring from each progenitor for a geometric distribution can be
described by the formula:

P =qr*, k=012, ..,

where q = 1 — p is the probability of not having sons, k is the number of sons. According to the properties of a
geometric distribution, the average number of sons 4 equals% and dispersion g2 equals A(4 + 1).

We are looking at cases in which the number of paternal descendants tends to grow in subsequent generations, i.e.,
A > 1. In theory, this process is referred to as a supercritical branching process. Generally speaking, the properties of a
supercritical branching process depend on the age 7 of the analyzed lineage. In practice, in most cases, it is possible to
use the approximation 7—oo at which large fluctuations characteristic of the lineage’s early generations no longer exert
their effects. Approximation to an infinite number of generations applies at (A — 1)T > 1. If this condition is satisfied
for the geometric distribution of the number of sons, the extinction probability E is:

E =1/A.

To check the validity of the formula, we simulated the development of genealogies over time using the Monte-
Carlo method, assuming that an average number of sons per man is 1.094899. This value was determined by the average
number of men in the final population, which equaled 100,000 after T = 100 generations for surviving genealogies.
When the number of surviving genealogies reached 10,000, the modeling was terminated. We found that 104,941
genealogies had not survived to the age of 100 generations. The probability of genealogy extinction was estimated at
104,941/(104,941 + 10,000) = 0.9130. The theoretical value 1/1.094899 = 0.9133 was in perfect agreement with the
results of computer modeling.

The growth rate of a Neolithic population was about 0.1% a year [66], i.e., A = 1.03, and the average generation
time was 30 years. According to the branching process theory, 97% of the Neolithic Y-chromosome lineages (1/1.03 =
0.97) became extinct at this growth rate. But even in a rapidly growing population that doubles with every generation
(4 =2), 50% of Y-chromosome lineages become eliminated over time. Therefore, the higher the average number of
sons per man, the lower is the extinction probability for the Y-chromosome lineage. At the modern growth rate of the
world’s population, which is 0.9% a year (4 = 1.3), the extinction probability for its Y-chromosome lineages is 77%.

The universal law of extinction of paternal lineages has its consequences. For example, old branches of the Y-
chromosome tree usually split into only two new branches. If the number of male offspring follows a geometric
distribution in the Galton-Watson branching process, then the probability of survival of three branches is very low and
equals (1 — 1/4) of the probability of survival for two lineages. Another consequence of the extinction law is that the
overwhelming majority of ancient men whose aDNA we study today are not direct ancestors of modern men.
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