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Human Y Chromosome Haplogroup N:
A Non-trivial Time-Resolved Phylogeography
that Cuts across Language Families
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The paternal haplogroup (hg) N is distributed from southeast Asia to eastern Europe. The demographic processes that have shaped the
vast extent of this major Y chromosome lineage across numerous linguistically and autosomally divergent populations have previously
been unresolved. On the basis of 94 high-coverage re-sequenced Y chromosomes, we establish and date a detailed hg N phylogeny. We
evaluate geographic structure by using 16 distinguishing binary markers in 1,631 hg N Y chromosomes from a collection of 6,521
samples from 56 populations. The more southerly distributed sub-clade N4 emerged before N2al and N3, found mostly in the north,
but the latter two display more elaborate branching patterns, indicative of regional contrasts in recent expansions. In particular, a num-
ber of prominent and well-defined clades with common N3a3’6 ancestry occur in regionally dissimilar northern Eurasian populations,
indicating almost simultaneous regional diversification and expansion within the last 5,000 years. This patrilineal genetic affinity is
decoupled from the associated higher degree of language diversity.

Introduction

Northern Eurasia extends from Scandinavia in the west to
Beringia in the east, and present-day Siberia has witnessed
modern humans for at least 45,000 years." One of the
most prevalent paternal lineages in the northern temperate
zone of Eurasia is Y chromosome haplogroup (hg) N, which
ranges from the Eurasian Beringia and Amur region in the
Russian Far East across northern China and Japan to eastern
Europe. It occurs in many Eurasian populations with highly
variable cultural, linguistic, and autosomal genome-wide
backgrounds.”® Its phylogenetic neighbor clade hg O ex-
hibits a remarkably different distribution pattern: covering
Southeast Asia at high frequency and extending to Sunda
and Oceania.”””"” The basal NO-M214* lineage, the prede-
cessor of N and O, co-distributes with hg O in continental
Southeast Asia, albeit at a low frequency.*”

Ancient human DNA from archaeological sites provides
complementary pre-historical insights into the evolu-
tionary trajectory of hg N. Analyses of prehistoric speci-
mens suggest that it was the predominant paternal hg in
northeast China during the Neolithic period 6.5 thousand
years ago (kya)'” and then declined gradually throughout

the Bronze Age up to 2.7 kya.'""'* The earliest finding of
hg N in Europe comes from Iron Age Hungary,'® where
this hg is virtually absent today.

It remains unclear as to what demographic processes
underlie the present-day distribution of hg N. This study
attempts to elucidate these processes in greater detail.

Although hg N studies began in 1997 with the discovery
of the first hg-defining marker” and have continued there-
after,” *'*?* only recently have efforts in re-sequencing
Y chromosomes begun to shed light on the deeper
sub-structure of the hg.>>~*°

Here, we resolve successive branching events at a fine
scale within Eurasian hg N by using a total of 94 high-
coverage Y chromosome sequences from hg N, consisting
of 51 sequences from Karmin et al.”’ and 43 new BigY-
captured samples sequenced on an Illumina platform. We
present a precise time-calibrated hg N phylogeny covering
nearly all known hg N sub-clades, defined according to
previously proposed nomenclature rules designed to better
accommodate the growing number of whole Y chromo-
some sequences.”’

We concentrate on reconstructing in detail the impor-
tant elements regarding the interior lineal sub-structure
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present within the two most frequent and widespread hg N
sub-clades, namely N2a-P43 and N3-M46(TAT) (previously
N1b and N1c, respectively®'). By selectively genotyping bi-
nary markers in a large phylogeographic survey involving
samples from 56 pertinent populations, we determine
patterns consistent with demographic population expan-
sions emerging out of bottlenecks. Our experimental
strategy to combine both high-resolution phylogenetic
analyses based on many tens of “whole” Y chromosome
sequences and a large phylogeographic survey allows us
to study prehistoric episodes of hg N diversification in
the context of contemporary N2a and N3 geographic dis-
tributions, diversities, and divergence times.

Material and Methods

Whole Y Chromosome Sequencing and Phylogeny
Reconstruction

For reconstructing and rooting the phylogeny of hg N, we used
54 sequences published in Karmin et al.”’ The three hg O and
51 hg N'Y chromosome sequences were generated with Complete
Genomics (Mountain View) technology at 40X coverage,
and data were filtered as described in Karmin et al.>’ The three
hg O Y chromosomes were included for more precise rooting of
hg N. In order to detect missing or poorly covered sub-lineages,
we sequenced 43 additional samples at Gene By Gene by using
the commercially available “BigY” service, a target-enrichment
design utilizing 67,000 capture probes for sequencing at least
10 Mb on the Illumina HiSeq platform at >60x coverage. The tar-
geted regions lie within the non-recombining male-specific parts
of the Y chromosome (the list of regions is available in the Web
Resources). After BigY sequencing, the Arpeggi Engine (AEngine)
pipeline was used for downstream software analysis. This
included short read mapping, alignment post-processing, and
variant calling. AEngine’s genotype quality score was used for
quality filtering with the threshold of 3.02. AEngine’s proprietary
statistical model considers characteristics of read coverage, indi-
vidual read-mapping qualities, and base sequencing quality
scores by HiSeq. Both variant and reference base calls were
filtered for quality. Besides using the AEngine pipeline, we also
generated the sequence calls from raw read data by (1) mapping
the paired-end reads to the GRCh37 human reference sequence
with Burrows-Wheeler Aligner v.0.6.1,>* (2) removing PCR dupli-
cates with SAMtools v.0.1.19,%* and (3) calling Y chromosome ge-
notypes (variant and reference) with SAMtools mpileup and
BCFtools.** Quality filtering was done with vcftools v.0.1.12;
the default filter settings were used, except for the following
values: base coverage > 4x and < 500, base quality > 20, and
distance between SNPs > 5 bp.

To combine our recently generated data with the 54 published
sequences, we extracted the overlap between BigY targeted re-
gions and Complete Genomics and applied the “re-mapping fil-
ter” on the basis of modeling the poorly mapping regions on
the Y chromosome as described in Karmin et al.”*’ The overlap
was 7.5 Mb of usable sequence of non-recombining male-specific
Y chromosome region. This combination and filtering scheme
minimizes the possible platform bias between Illumina and Com-
plete Genomics given that the second-generation sequencing
errors are mostly due to mismapping of the sequence reads.
Because the areas with sufficient coverage and call confidence

did not perfectly overlap between all samples, the usable
sequence length was further reduced to 6.2 Mb. Sites with a
95% call rate were used in the analyses.

The list with geographic locations and ID labels of all sequences
included in the study is provided in Table S1. All DNA samples
were obtained from unrelated volunteers who provided informed
consent in accordance with the guidelines of the relevant collabo-
rating institutions; in addition, the Research Ethics Committee of
the University of Tartu formally approved the study.

We used the software package BEAST v.1.7.5* to infer the hg
N phylogenetic tree, estimate coalescent times of hgs, and
generate Bayesian skyline plots (BSPs). We used a Bayesian
skyline coalescent tree prior, the general time reversible (GTR)
substitution model with gamma-distributed rates, and a relaxed
lognormal clock. Runs were performed with a piecewise-linear
coalescent model with 19 groups for 90 million iterations
and sampling every 3,000 steps. At the end of each BEAST
run, the results were visualized in Tracer v.1.5, and it was
confirmed that all effective sample sizes were above 200.
An age for hg NO of 41,900 years (95% confidence interval
[CI] = 40,175-43,359)*° was used as as the calibration point
for estimating the coalescent times of the phylogenetic struc-
tures in hg N.

Phylogeographic Sampling and Genotyping

We assembled a genotyping panel of 6,521 males from a total of 56
Eurasian populations. This dataset included 3,521 new samples
designated as “this study” and 3,000 others updated from earlier
studies to the higher level of phylogenetic resolution (Table S2).
For genotyping, we chose at least two non-recurrent branch-
defining SNPs from sub-clades N2a and N3 and designed primers
with Primer3 software.*>*° Primer specificity was first checked
with Primer-BLAST®” and GenomeTester v.1.3 software*® in silico
and verified by Sanger sequencing. We selected the best markers
within each tested pair on the basis of the clearest allele-calling
result. Specifications for all markers used for assigning sub-clade
status in the populations belonging to hgs N3 and N2a (1,314
and 323, respectively) are given in Table S3. All population sam-
ples were genotyped by Sanger sequencing in a hierarchical
manner according to the phylogenetic relationships shown in
Table S2. Principal-component analysis (PCA) based on N2a and
N3 sub-hg frequencies was performed with the freeware popSTR
program kindly provided by H. Harpending.

The frequency-distribution maps of hgs N3 and N2a and their
sub-branches were created with the data reported here (Table S2)
in combination with published data of other Eurasian populations
in which the frequency of N3 and N2a was detected to be zero
(populations from the literature are indicated in Table S4). The
maps were created with GeneGeo software as described previ-
ously;*” the weight function was set to 3, and the radius of influ-
ence was set to 10,000 km.

We also typed 671 samples from sub-clades N3 and N2a for
17-23 Y chromosome short tandem repeats (Y-STRs) by using
the Y-Filer Kit or the PowerPlex 23 Kit. The amplified fragments
were separated with an ABI PRISM 3130x]l Genetic Analyzer
(Applied Biosystems), and lengths were analyzed with the ABI
PRISM program GeneMapper 4.0 (Applied Biosystems). The
Y-STR loci genotyped were DYS19, DYS3891, DYS38911, DYS390,
DYS391, DYS392, DYS393, DYS439, DYS385a, DYS385b,
DYS437, DYS438, DYS448, DYS456, DYS458, DYS635, and Y
GATA H4. Because of the duplicated nature of DYS385a and
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DYS385b and the uncertainty in their allele assignment, they were
not included in any analysis. All other markers were used for
constructing phylogenetic networks with Network 4.6.1.1 soft-
ware (Fluxus-Engineering). The median joining algorithm was
applied with the weighting scheme so that the SNP markers
defining the sub-clades had higher weight (value 90), and all
Y-STR markers were assigned value 10. We calculated hg regional
diversity by applying data from Table S2 to the Nei formula.*’

Results

Refined hg N Phylogeny Based on High-Coverage

Y Chromosome Data

Based on the SNPs from high-coverage sequencing data,
the phylogenetic relationships of the 94 hg N Y chromo-
somes (Figure 1A; Figure S1) enabled us to identify and
expand several previously undetected or poorly resolved
sub-clades and lineages (bolder magenta lines in
Figure 1A) together with corresponding temporal estimates
(Table S5). The total number of SNPs accumulated per
branch, including the defining marker, is presented in
Figure S2. The 1,967 variant reference-sequence positions,
nucleotide changes, and branch assignments correspond-
ing to each split (Figure S1) are presented in Table S6.
During our analysis, we recognized that the ~45,000-
year-old ancient DNA sample from the Ust’-Ishim region
in the western Siberian Plain' carried two variants
(M2308 and CTS11667), phylogenetically defining the
root from which both the extant M214 branch and the
ancient individual descended independently (Figure 1A,
inset). The average number of mutations from the tree
root to the tips was 198, which, given that the analyzed
sequence length was 6.2 Mb, yields a mutation rate of
0.76E—9 substitutions per site per year. This is very similar
to the rate estimate of 0.74E—9 by Karmin et al.*’ and
equal to the one by Fu et al.’

Within hg N phylogeny, the deep N5-B482 defined line-
age was unexpectedly found in a single sample previously
determined to be of mixed origin by admixture analysis
involving 730,000 autosomal SNPs to reflect ~80% Euro-
pean and/or Mediterranean and 20% Southeast Asian
heritage (Figure 1A).

Although N4-F2930 is the prevalent N hg observed in
Cambodia, Vietnam, and China nowadays,”>*’?° in-
cluding ancient DNA samples,'” little is known regarding
its structure, other than that it has two branches. Although
lacking population-based frequency coverage, we found
deep sub-structure by using 11 hg N4 Y chromosome
sequences of Chinese and Japanese origin.

The hgs N3 and N2a diverged around 18.0 kya (95% CI =
15.7-20.0 kya) and coalesced around 13.0 kya (95% CI =
11.3-14.6 kya) and 9.0 kya (95% CI = 7.8-10.9 Kkya),
respectively. The split between clades N3c and N3a’b
is dated to 13.0 kya (95% CI = 11.3-14.6 kya), whereas
the next bifurcation inside N3a’b most likely occurred
around the end of the Pleistocene or early Holocene (about
12.0 kya).

For the hg N lineages present in the northern Eurasian
mainland, N2a and N3 sub-clade N3a’b, the 95% ClIs of
coalescence times were distinct from those of N4. The
mutation counts in our annotated tree (Figure S2) from
the coalescence of N1’4-B481 to nodes N4-F2930, N3-
M46(Tat), and N2a-P43 were 19, 35, and 51, respectively,
which are quite different given that, on average, there
were 97 mutations from the N1'4-B481 node to the tree
tips. However, the 95% ClIs for the time estimates of N4
and N3 had a slight overlap (Table SS5).

The Phylogeographic Pattern of N3 and N2a Clades
Within the Eurasian circum-Arctic spread zone, N3 and
N2a reveal a well-structured spread pattern where individ-
ual sub-clades show very different distributions (Figures
1B, 2, 3, and S3). The sub-clade N3b-B187 is specific to
southern Siberia and Mongolia, whereas N3a-L708 is
spread widely in other regions of northern Eurasia (Figure 3
and Table S2). The deepest clade within N3a is N3al-B211,
mostly present in the Volga-Uralic region and western
Siberian Khanty and Mansi populations. Sub-hg N3a2-
M2118 is one of the two main bifurcating branches in
the nested cladistic structure of N3a2’6-M2110. It is pre-
dominantly found in populations inhabiting present-day
Yakutia (Republic of Sakha) in central Siberia and at lower
frequencies in the Khanty and Mansi populations, which
exhibit a distinct Y-STR pattern (Table S7) potentially
intrinsic to an additional clade inside the sub-hg N3a2
(Table S2 and Figure S4). The neighbor clade, N3a3'6-
CTS6967, spreads from eastern Siberia to the eastern part
of Fennoscandia and the Baltic States (Figure 1B).

Perhaps the most striking feature of the geographic and
temporal distribution of the N3a3’6 sub-clades is their
almost simultaneous regional diversification (Figures 1A,
1B, and 3 and Table S5). These recently expanded regional
varieties cover much of northern Asia and eastern Europe
and are frequent in geographically distant peoples such
as Chukchi and Lithuanians. This pattern mimics the pre-
viously described broad distribution of hg N.° The split of
these lineages occurred ~5.0 kya (95% CI = 4.4-5.7 kya),
some two millennia after the N3a2-to-N3a3’6 bifurcation
around 7.0 kya (95% CI = 6.1-8.3 kya) (Figure 1A and
Figure S1), making the extremely wide distribution of
N3a3’6-related lineages all the more remarkable.

In Europe, the clade N3a3-VL29 encompasses over a
third of the present-day male Estonians, Latvians, and
Lithuanians but is also present among Saami, Karelians,
and Finns (Table S2 and Figure 3). Among the Slavic-
speaking Belarusians, Ukrainians, and Russians, about
three-fourths of their hg N3 Y chromosomes belong to
hg N3a3. The only notable exception from the pattern
are Russians from northern regions of European Russia,
where, in turn, about two-thirds of the hg N3 Y chromo-
somes belong to the hg N3a4-Z1936—the second west
Eurasian clade. Thus, according to the frequency distribu-
tion of this clade, these Northern Russians fit better among
other non-Slavic populations from northeastern Europe.
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Figure 1. The Schematic Phylogenetic Tree of hg N and Geographic Distribution of hg N Sub-clades

(A) Schematic phylogenetic tree of hg N. The inset shows the schematic position of hg N, the ancient-DNA sample from Ust’-Ishim, and
its shared hg NO mutations on the Y chromosome phylogenetic tree. The yellow box indicates the branching point of hg N. The phylo-
genetic tree of 94 high-coverage Y chromosomes from hg N was reconstructed with BEAST software. Unsupported dichotomies resulting
from the strict bifurcation requirement of the software were manually reduced to polytomies. The size and fill proportions of each
collapsed clade indicate the number of samples from the geographic regions constituting the clade. Clades are colored according to
the color code presented in (B), except that turquoise represents clades with no frequency information at the population level. Markers
represented in red were used for genotyping. Bold magenta lines indicate new lineages or expanded sub-clades in comparison with the
phylogenetic tree from Karmin et al.>’ The temporal scale was obtained with a relaxed lognormal clock. The annotated tree with the
number of mutations on each branch and the list of corresponding Y chromosome positions are available in Figure S2 and Table S6,
respectively.

(legend continued on next page)

166 The American Journal of Human Genetics 99, 163-173, July 7, 2016



@ w80 2w 20 20

N2a1 all 2 A

[ [
0.01 0.06 0.11 0.16 0.21 0.26 0.31 0.36

Figure 2. Geographic-Distribution Maps of hg N3 and N2a1 General Frequency
Data points from Table S2 and additional data points of zero frequency from the literature were used for creating the plots. All data points
are presented on the “N3 all” and “N2al all” maps. Data points from this study are indicated by green dots, and data points from the

literature are indicated by smaller black dots.

N3a4 tends to increase in frequency toward the north-
eastern European regions but is also somewhat unex-
pectedly a dominant hg N3 lineage among most Turcic-
speaking Volga Tatars and South-Ural Bashkirs (Figure 1B
and Table S2).

In contrast to the predominantly eastern European sub-
clades N3a3 and N3a4, their neighbor clades N3a5-B197
and N3a6-B479 are clearly restricted to eastern Eurasia:
N3a5-F4205 is prominent around Lake Baikal among
Mongolic-speaking Buryats and Mongols, N3a5-B202 is
specific to eastern Siberia and Beringia among Chukchis,
Koryaks, and Asian Eskimos, and N3a6 predominates in
the Tungusic-speaking Nanai (Hezhe) population of the
Amur River Basin in the Russian Far East (Figure 3 and
Table S2).

The second widespread sub-clade of hg N is N2a. The
split of N2a dates to about 9.3 kya (95% CI = 7.8-10.9
kya). The minor sub-clade, N2a2-B520, is represented in
our dataset by individual samples from China, Vietnam,
and Japan, indicating the presence of this clade at marginal
frequencies in Southeast Asia. The absolute majority of
N2a individuals belong to the second sub-clade, N2al-
B523, which diversified about 4.7 kya (95% CI = 4.0-5.5
kya) (Figure 1A and Table S5). Its distribution covers the
western and southern parts of Siberia, the Taimyr Penin-
sula, and the Volga-Uralic region with frequencies ranging
from from 10% to 30% and does not extend to eastern
Siberia (Table S2 and Figures 2 and S3). Whereas earlier
studies presumed two sub-clades on the basis of different
Y-STR patterns of N2al carriers,”'> we now have a total
of 19 sequences from N2al and reveal three separate
sub-clades. The most frequent one splits into a clade

represented by nine individuals from Siberian populations
(N2al-B478) and another clade represented by three indi-
viduals, a Turk, an Arab, and an Afghani (N2al-B525) (Fig-
ures 1A and S1). The latter sub-clade is occasionally found
in populations such as the Mongols, Central Asians, and
rarely also the Russians (Table S2). The “European” branch
suggested earlier from Y-STR patterns turned out to consist
of two clades: N2a1-B528, spread in the southern Volga-
Uralic region, and N2al-L1419, spread mainly in the
northern part of that region (Figure S3). Although not all
samples fall into any defined N2al branches (Table S2),
when Y-STR haplotypes (Table S7) are used in network
analysis, potential close affinity to the west Siberian
N2al-B528 sub-branch appears (Figure S4).

Using all populations in which at least five hg N Y chro-
mosomes were observed and hg N frequency was > 5%, we
conducted PCA on the basis of comparing the frequencies
of hg N sub-groups to that of total hg N. Although passing
these criteria, only the Nanai from eastern Siberia were
excluded because their unique sub-hg N3a6 uniformity
biased the PC plot by compressing all other population
variation. In the absence of the Nanai on the PC plot
(Figure S5A), the populations clustered mostly according
to their relative positions from east to west in Eurasia,
except for the Karanogays of the Caucasus region, a popu-
lation with known east Eurasian affinities. When PCA was
done by hg (Figure S5B), PC1, explaining 17.9% of the
variation, approximated an east-west axis by separating
Siberian populations with a high N3a2 frequency from
European and Volga-Uralic populations with a high N3a3
frequency. PC2 (15.7% of the variation) set the north-
eastern Siberian populations (Chukchi and Asian Eskimos)

(B) The regional distribution of hg N sub-clades in northern Eurasia. The chart depicts the proportions of hg N sub-clades in studied
regions (the percentage of hg N sub-clades in the total number of samples pooled according to their geographic origin). Column
heights correspond to the frequency intervals given in the figure. The entire list of populations from each studied region can be found

in Table S2.
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Figure 3. Frequency-Distribution Maps of Individual Sub-clades of hg N3
Data points from Table S2 and additional data points of zero frequency from the literature were used for creating the plots of hg N3 sub-
clades. All data points are the same as in Figure 2.
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apart from the rest because of their high N3a5-B202
content, which was completely absent from all other
populations.

We used BSP analysis to infer temporal changes of male
effective population size. The BSP of 94 high-coverage
Y chromosomes from hg N showed an increase in effective
population size starting at about 4.5 kya (Figure S6A). It
should be borne in mind that the time to the most recent
common ancestor and the time of the fastest population
growth for a given hg need not, and often do not, coin-
cide.*"** However, for N3 (Figure S6B), the initial expan-
sion dynamics seemed to correspond with the estimated
coalescent time of N3a3'6-L392 (Table S5), the most
diverse and widespread sub-clade of N3. In contrast, N2a
(Figure S6C) showed a relatively slow to moderate
expansion.

Discussion

In Eurasia, geographically more southerly distributed
Y chromosome hgs have, as a rule, retained deeper line-
ages, as is clearly apparent for hg H in India and hgs C
and O in Southeast Asia.?’ In accordance with this, we
observed that clade N4-F2930 (n = 11) emerged prior to
the more northerly distributed hgs N2a and N3 despite
the fact that the latter two had a far larger sample size
(n = 63) in our study. It is plausible to assume that lower
long-term population size and the influence of harsh
climate changes, presumably accompanied by repeated
population bottlenecks and subsequent proposed socio-
economic changes in the Holocene,?” have kept Y chromo-
some variation low in the temperate and arctic parts of
Eurasia. The interior branches of hg N3 (formerly Nilc),
namely N3c, N3b, N3al, and N3a2 (Figures 1 and 3), are
spatially quite distinct from one another. In our dataset,
the deeper sub-clade N3c-B496 was absent in the northern
part of Eurasian mainland and was only represented by
two individuals from Japan, where this lineage has been
preserved and previously detected at a frequency of less
than 1%.%° Naturally, we cannot exclude the possibility
that with denser sampling in mainland Asia, this sub-clade
could be found elsewhere. Previous research”*’ has
shown that Y chromosomes of the Turkic-speaking Yakuts
(Sakha) belong overwhelmingly to hg N3 (formerly N1c1).
We found that nearly all of the more than 150 genotyped
Yakut N3 Y chromosomes belong to the N3a2-M2118
clade, just as in the Turkic-speaking Dolgans and the
linguistically distant Tungusic-speaking Evenks and Evens
living in Yakutia (Table S2). Hence, the N3a2 patrilineage is
a prime example of a male population of broad central
Siberian ancestry that is not intrinsic to any linguistically
defined group of people. Moreover, the deepest branch of
hg N3a2 is represented by a Lebanese and a Chinese
sample. This finding agrees with the sequence data from
Hallast et al.,>” where one Turkish Y chromosome was
also assigned to the same sub-clade. Interestingly, N3a2

was also found in one Bhutan individual?” who represents

a separate sub-lineage in the clade. These findings show
that although N3a2 reflects a recent strong founder effect
primarily in central Siberia (Yakutia, Sakha) (Figure 3),
the sub-clade has a much wider distribution area with inci-
dental occurrences in the Near East and South Asia.

The most striking aspect of the phylogeography of hg N
is the spread of the N3a3'6-CTS6967 lineages (Figure 3).
Considering the three geographically most distant popula-
tions in our study—Chukchi, Buryats, and Lithuanians—it
is remarkable to find that about half of the Y chromosome
pool of each consists of hg N3 and that they share the same
sub-clade N3a3’6. The fractionation of N3a3’6 into the
four sub-clades that cover such an extraordinarily wide
area occurred in the mid-Holocene, about 5.0 kya (95%
CI = 4.4-5.7 kya). It is hard to pinpoint the precise region
where the split of these lineages occurred. It could have
happened somewhere in the middle of their geographic
spread around the Urals or further east in West Siberia,
where current regional diversity of hg N sub-lineages is
the highest (Figure 1B). Yet, it is evident that the spread
of the newly arisen sub-clades of N3a3’6 in opposing
directions happened very quickly. Today, it unites the
East Baltic, East Fennoscandia, Buryatia, Mongolia, and
Chukotka-Kamchatka (Beringian) Eurasian regions, which
are separated from each other by approximately 5,000-
6,700 km by air. N3a3’6 has high frequencies in the patri-
lineal pools of populations belonging to the Altaic, Uralic,
several Indo-European, and Chukotko-Kamchatkan lan-
guage families. There is no generally agreed, time-resolved
linguistic tree that unites these linguistic phyla. Yet, their
split is almost certainly at least several millennia older
than the rather recent expansion signal of the N3a3’6
sub-clade, suggesting that its spread had little to do with
linguistic affinities of men carrying the N3a3’6 lineages.

Although the initial spread of the hg N3a3’6 clades most
likely ignored any existing language barriers, the subse-
quent diversification often occurred within linguistically
defined metapopulations. The split of N3a5-B197 into
sub-lineages occurred soon after the emergence of the
clade itself (Figure 1), distributing N3a5-F4205 within
Mongolic-speaking populations and N3a5-B202 among
populations of the Chuckotko-Kamchatka language family
(Table S2).

The N3a5-F4205 lineage encompasses the Buryat and
Mongol populations, which live about 5,000 km apart
from the carriers of the second B202 sub-branch—the
Chukchi and Koryaks. Another Siberian sub-clade, N3a6-
B479, is dominant among the Nanai (Hezhe) population,
which lives in eastern Siberia along the lower reach of
the Amur River. This sub-clade includes all of the hg N3 in-
dividuals in this population and probably reflects a strong
founder effect (Figure 3), but denser sampling from this re-
gion, particularly Tungusic-speaking Negidals, Orichs,
Udege, and others, could reveal this lineage in neighboring
populations as well. However, it is interesting to notice
here that we did not detect N3a5-B202 in two more
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populous Tungusic-speaking populations, Evenks and
Evens in Yakutia (Table S2); instead, like Yakuts, they carry
predominantly N3a2-M2118 chromosomes.

The same timescale that describes the fast expansion of
Siberian sub-clades also holds true for the expansion of
other N3a3’6 lineages in the European direction, where
the spread zones of N3a3-VL29 and N3a4-Z21936 partially
overlap in northeastern Europe (Figures 1B and 3). Even
though our sample of the north Scandinavian (Swedish)
Saami is of limited size, the nearly equal presence of both
N3a3 and N3a4 Y chromosomes in their hg N3 pool (Table
S2) suggests that the frequency pattern of the two lineages
has been shaped by random genetic drift in historically
small populations dispersed across a wide area.

The mid-Holocene (~4.0-6.0 kya) timing of the rapid
spread of sub-clade N3a3’6-CTS6967 coincides with paleo-
climatic and archeological evidence that allows us to draw
some parallels. Monserud et al.** identified a post-glacial
warming and precipitation peak in Siberia, accompanied
by northward advancement of forests into the current tun-
dra zone, during the mid-Holocene. Similar paleoclimatic
conditions occurred locally in the northern Urals,** north-
ern Siberia,*® and central Yakutia.*” Although calibrated
Y chromosome phylogenies can now provide estimates
for the duration of bottlenecks and the beginning of
population expansions from common ancestral branches,
considerable caution should be exercised regarding hy-
potheses based on drawing parallels between the spread
of specific genetic lineages and prehistoric cultural arti-
facts. Nonetheless, it is still interesting to note intervals
of occupational variation in the archaeological record, as
well as episodes of common cultural features coinciding
in time and space with the spread of hgN sub-clusters.
For example, in the proximity of Lake Baikal,*** the
collapse of the Kitoi culture in the mid-Holocene was
followed by a ~800-1,000 year gap in the archeological
record. The subsequent appearance of the ~4,000- to
3,000-year-old Isakovo-Serovo and Glazkovo complex
bears evidence of cultural*®and genetic discontinuity,®
suggesting large-scale population movement. No clear
evidence of the “homeland” of the Isakovo-Serovo and
Glazkovo ancestors exists, but western Siberia (Upper
Yenisei Basin)*® and northern China*’ have been proposed
as possible regions of origin.

Another pattern involves the similarity in the range of
hg N3a3’6, especially in the western part of Eurasia and
the distribution of the Seima-Turbino trans-cultural phe-
nomenon during the interval of 4.2-3.7 kya.”' Extending
across northern Eurasia from Mongolia to the Baltic region,
this phenomenon encompasses the cultures of nomadic
forest and steppe societies with advanced metal-working
technology.”' Taken together, these facts hint at the
Seima-Turbino metalsmith-traders as the probable primary
carriers of hg N3a3’6 lineages.

N3al-B211, the early branch of N3a, could have been
brought to the eastern fringes of Europe by the same
Seima-Turbino groups, but earlier migration(s) cannot be

ruled out either, given that a study of ancient DNA®? re-
vealed a 7,500-year-old influx from Siberia to northeast
Europe.

Although such examples of overlapping lines of evi-
dence are notable, they remain speculative. However,
given the relatively favorable preservation conditions of
ancient DNA and the spatial and temporal characteristics
of N3a3’6 distributions in northern Eurasia, it is a propi-
tious time to imagine, given that the emerging field of
credible studies of ancient DNA might give us more solid
answers in the near future.

The studies of ancient genomes of Eurasia'>** have re-
vealed that in addition to the Mesolithic hunter-gatherer
and Neolithic farmer substrates, contemporary eastern
Europeans have genetic heritage in common with the so-
called ancient northern Eurasians (ANEs),>* whose repre-
sentatives were genetically close to the carriers of the
Mal’ta culture of southern Siberia at the Last Glaxial
Maximum.** It has recently been proposed that the ANE
component reached Europe together with the spread of
Early Bronze Age steppe-belt Yamna culture, thus making
it only distantly related to the Mal’ta.>> The model of three
ancestral components of modern Europeans does not fit
well with the genetic profiles of some northeastern Euro-
pean populations that show more East Asian influence
than is expected from ANEs.’® This observation hints
that an additional element of Siberian gene flow could be
represented by the influx of hg N3a3’4 lineages into the
region.

Although the socioeconomic and demographic pro-
cesses that took place during the Bronze Age along the
steppe belt might be linked to the spread of at least some
branches of Indo-European languages,*> >’ the expansion
of the Uralic linguistic family has been associated with
concurrent events along the forest zone of northern Eura-
sia.”® The spread of the westernmost hg N branches might
be one of the genetic signals of these movements, coin-
ciding mostly, but not entirely, with the present linguistic
borders of the Finno-Ugric languages.

Overall, a considerable proportion of men inhabiting
much of the Arctic and temperate zones of western and
eastern Eurasia share N3a3’6 lineages that date back to
the mid-Holocene (4.5-5.0 kya). This common patrilineal
ancestry unites widely different linguistic phyla, including
Indo-European, particularly Balto-Slavic, branches of the
Altaic, such as the Mongolic, Turkic, Tungusic, and Chu-
kotko-Kamchatkan branches, as well as the Balto-Finnic
branch of the Finno-Ugric (Table S2).

The improved hg N phylogeny now maps anew the previ-
ous homogeneous spread of N3 and N2a into distinctive
lineages that in fact arose at various times and spread differ-
ently through several independent demographic events.
This study demonstrates how Y chromosome re-sequencing
instructs and refuels the genotyping projects so that phylo-
genetic information from individuals is expanded to the
population level such that their combination strengthens
the understanding of our demographic history.
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Estonian_GS000017208-ASM
Estonian_GS000015180-ASM
Even_GS000020110-ASM
Latvian_GS000035148-ASM
Russian-Central_GS000016819-ASM
Estonian_GS000015228-ASM
Estonian_GS000017210-ASM
Latvian_GS000035027-ASM
Bashkir_GRC15559012
Bashkir_GRC15559008
Bashkir_GRC15559009
Tatar_GRC15559013
Tatar_GRC15559014
Tatar_GRC15559015
Cossack-Kuban_GS000016186-ASM
Vepsa_GS000016971-ASM
Karelian_GS000035149-ASM
Estonian_GS000017380-ASM
Bashkir_GRC15559010
Bashkir_GRC15559011
Chinese_GRC12129455
Lebanese GS000017169-ASM
Even_GS000016166-ASM
Yakut_GS000020490-ASM
Yakut_GS000014333-ASM
Yakut_GS000022076-ASM
Mari_GS000015715-ASM
Udmurt_GS000013694-ASM
Mari_GS000014331-ASM
Udmurt_GS000035017-ASM
Chinese_ GRC14389432
Japanese_GRC12126890
Vietnamese_ GRC13193880
Khant_GRC15491804
Udmurt_GS000035432-ASM
Mari_GS000014332-ASM
Vepsa_GS000035244-ASM
Afghan_GRC14325559
Turk_GRC13275955
Arab_GRC13280752
Tundra-Nenets_GS000016163-ASM
Forest-Nenets _GS000015879-ASM
Tundra-Nenets_GS000016162-ASM
Tuvinian_GS000016968-ASM
Tuvinian_GS000017247-ASM
Even_GS000016167-ASM
Mongol_GS000035235-ASM
Evenk_GS000020108-ASM
Yakut_GS000022441-ASM
Burmese_GS000019901-ASM
Lebbo_GS000017007-ASM
Murut_GS000019985-ASM



Figure S1: Detailed phylogenetic tree of Y-chromosome haplogroup N based on 97 high

coverage seguences.

The calibrated tree was constructed using BEAST v1.7.5. Internal node numbers and sample
ID-labels on the tips are indicated. Age estimates of hg N clades are reported in Table S5.
Number of mutations and marker names are presented in Table S2. All SNPs characterizing

the clades (nodes) are presented in Table S6.



sasz
r
N1'2'3 5
ar
i asss
N3
=g wass
N1 0 4
N2a N3a'b
=3 us20
N2a1 N2a2 N3c Nab
N3a2'6
052 . vavstss |nabsaso
2 S I
sz [oaze [(racs Jszzs [oszn[osas N3az's
N3al N3a2 N3a3 N3ad4 N3a5 N3a6
u 2 10 s
509 152 | N3asb
N3a3b 8546 8547 8541 8544
" 2o [esto . o224 [ wsisfssirfos Josis [osos Josoofussa]  [asoa]uson
usa2 Jssas
ey (FY o
o538 Jsss7
o e : "
2 281 1 3 g 5 4 7 oB o1 2018 24 2 1003 8 20 20 7 4 302 18 13 4 vy B8 1 3w o9 2 2 3 2 4 1 1|2 o e u 1 3 u 1 10 1
| N I T I T T Y Y Y A A I AT T Y T Y Y T Y O I I Y | Y Y Y Y
2| < . H el e o8 el e << - - gl g 7 ) P P
5 HE H z|% £ 5% B s s £ £ 5 HEEEE 3| s AR - il H H $ 8 $ 8
e HHHEIEH IR AR IR HHEHEIFEEEIEE AR 55|23 3 HEHBEE IR R IR R EIR HEE NEIEEIE] 5 g2 I
5 | % elS|z|s[E|2|e|S|S[|S]|S S|3|s|s|=|a|s[=s|=)2 G|E|F|F[E|& 2| &|s|s|2|5|=2]|8 a|S|e|el|a|e|d|2|z2|z2|2|2|&|&5|€|€ €| g 5§ & S5 &
g H
H clelalslal2]als]s slaldlelels alslelalalels alsl| = slglalelalel8l8]a]els elul s |alalelalslelslB A
g BIE(3(2(8| 5 5|5 |8|s HEIHEEE HEREIEI R S181 5 alzlcl8|8|3|E|5 |2 |8 8|82 (8 e85 2 (B|E|5|8(|8|8|¢8|2 g
El S N 3 al=15 al=fs|5]8]8 HEIEIEIEI R als]= 2 2 afalala|lejefajala|C]|a|a[S|2]8 8 Sle|8|S|8[8|&8|% ]
3 g g g 8 a q 8 E
3 H 3 $ 3 3 3 3 : s
2 g g g : g 2 : £ E
8 o - 3 5 Ef 3
3 g E S = = = = = E

Figure S2. Refined topology of Y-chromosome haplogroup N based on re-sequencing 6.2 Mbp in 94 individuals described in Table S1. Mutation counts and branching
defining markers (included in counts) are shown on the branches. Dashed line indicates known branch without sequence data.
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Figure S3. Geographic distribution maps of N2a1 sub-clades in studied regions.
Data points from Table S2 and addtional datapoints with zero frequency values from literature were used
for creating the plots. Datapoints from this study are indicated by green dots and datapoints from

literature with smaller black dots.
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Figure S4. Networks of N3 and N2a1 STR haplotypes.
Panel A) N3 haplotypes network based on 14 STRs.

Network of 438 samples from the N3 sub-clade (data in Supplementary Table 5). The
network combines bi-allelic markers (indicated with thick black lines) defining sub-clades
within hg N3 with 16 STR loci (DYS19, DYS389I, DYS389b, DYS390, DYS391, DYS392,
DYS393, DYS439, DYS437, DYS438, DYS448, DYS456, DYS458, YGATAH4). Datasets are
typed with different kits, the overlapping 14 STRs are used for network construction. Circles
represent microsatellite haplotypes, the areas of the circles and sectors are proportional to
haplotype frequency (the smallest circle corresponds to one individual). The colors indicate
groups consisting of the following populations: Baltic region - Uralic-speaking Estonians and
Indo-European speaking Lithuanians; Northeastern Europe - Karelians, Vepsas, Northern
Russians; Eastern Slavs - Belarusians, Central and South Russians, Ukrainians; populations
from Volga-Uralic regions (VUR) are grouped by language - Uralic-speakers (Udmurts,
Komis, Maris, Mordvas) and Turkic-speakers (Bashkirs, Chuvashes, Tatars); Western Siberia
is represented by Khanties; Central Siberian populations - Yakuts, Evenks, Evens,
Yukaghirs; Southern Siberian populations - Tuvans, Altaians, Shors, Khakasses;
Northeastern Siberian populations - Koryaks, Eskimos and Chukchis; Amur region is
represented by the Nanais.

Panel B) N2a1 haplotypes network based on 15 STRs.

Network of 233 samples from the N2a1 sub-clades (data in Supplementary Table 5). The
network combines bi-allelic markers (indicated with thick black lines) defining sub-clades
within hg N2a1 with 17 STR loci (DYS19, DYS389I, DYS389b, DYS390, DYS391, DYS392,
DYS393, DYS439, DYS437, DYS438, DYS448, DYS456, DYS458, DYS635,YGATAH4).
Datasets are typed with different kits, the overlapping 15 STRs are used for network
construction. Circles represent microsatellite haplotypes, the areas of the circles and sectors
are proportional to haplotype frequency (smallest circle corresponds to one individual). The
colors indicate groups consisting of the following populations: Northeastern European region
- Karelians, Vepsas, Northern Russians; Eastern Slavs - Belarusians, Central and Southern
Russians; populations from Volga-Uralic regions (VUR) are grouped by language - Uralic-
speakers (Udmurts, Komis, Maris) and Turkic-speakers (Bashkirs, Chuvashes, Tatars);
Western Siberia is represented by Khanties; Central Siberian populations - Yakuts, Evenks,
Evens, Yukaghirs; Southern Siberian populations - Tuvans, Altaians, Shors, Khakasses;
Northeastern Siberian populations - Koryaks, Eskimos and Chukchis; Amur region is
represented by the Nanais.
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Figure S5

A. PC plot of the populations based on N2al and N3 sub-haplogroup frequencies

relative to total hg N.

Colors correspond to the geographic regions of Figure 1. The codes of the populations
included in PCA are given in Table S2, populations with fewer than 5 hg N Y-chromosomes
or hg N frequency <5% were excluded. All sampled Nanai belong to the sub-hg N3a6, not
found in any other population, and were therefore excluded. In cases where several

populations were pooled for PCA, they are denoted by the same code in Table S2.

B. PC plot of N2a and N3 sub-haplogroups based on their frequencies in the populations

relative to total hg N.
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Table S1. List of high coverage samples and their geographic affiliations

Country of
Population origin Region of origin Haplogroup | latitude longitude | Sequence ID Source
1 | Karelian Russia Northeastern Europe N3a4 63,1146 33,0139 |GS000035149-ASM (Karmin et al. 2015)
2 | North-Russian Russia Northeastern Europe N3a3 64,7026 43,3933 | GS000014416-ASM (Karmin et al. 2015)
3 |Saami Norway Northeastern Europe N3a3 69,8850 25,1917 | GS000035024-ASM (Karmin et al. 2015)
4 | Saami Norway Northeastern Europe N3a3 69,8850 25,1917 | GSO00035025-ASM (Karmin et al. 2015)
5 |Vepsa Russia Northeastern Europe N2al 61,2588 35,5441 | GS000035244-ASM (Karmin et al. 2015)
6 |Vepsa Russia Northeastern Europe N3a4 61,4493 34,8212 | GS000016971-ASM (Karmin et al. 2015)
7 | Kuban-Cossack Russia Eastern Europe N3a4 45,0114 38,7323 | GS000016186-ASM (Karmin et al. 2015)
8 | Estonian Estonia Eastern Europe N3a3 59,1400 24,5400 |GS000015180-ASM (Karmin et al. 2015)
9 | Estonian Estonia Eastern Europe N3a3 58,2100 26,2100 |GS000015228-ASM (Karmin et al. 2015)
10 | Estonian Estonia Eastern Europe N3a3 58,9536 22,8365 |GS000017208-ASM (Karmin et al. 2015)
11 | Estonian Estonia Eastern Europe N3a3 57,7301 26,9168 | GS000017210-ASM (Karmin et al. 2015)
12 | Estonian Estonia Eastern Europe N3a3 58,0930 25,1815 |GS000017214-ASM (Karmin et al. 2015)
13 | Estonian Estonia Eastern Europe N3a4d 59,2415 27,4885 | GS000017380-ASM (Karmin et al. 2015)
14 | Latvian Latvia Eastern Europe N3a3 56,8910 24,5078 | GS000035027-ASM (Karmin et al. 2015)
15 | Latvian Latvia Eastern Europe N3a3 56,6234 23,2828 | GS000035148-ASM (Karmin et al. 2015)
Central-
16 | Russian Russia Eastern Europe N3a3 57,8208 28,3365 | GS000016819-ASM (Karmin et al. 2015)
17 | Bashkir Russia Volga-Uralic region N3a4 54,4500 55,1300 |GRC15559008 This study
18 | Bashkir Russia Volga-Uralic region N3a4 54,0600 53,5100 | GRC15559009 This study
19 | Bashkir Russia Volga-Uralic region N3a4 54,4500 55,1300 |GRC15559010 This study
20 | Bashkir Russia Volga-Uralic region N3a4 52,5800 58,0300 | GRC15559011 This study
21 | Bashkir Russia Volga-Uralic region N3a4 56,0400 54,4900 | GRC15559012 This study
22 | Mari Russia Volga-Uralic region N2al 55,4692 56,0898 |GS000014332-ASM (Karmin et al. 2015)
23 | Mari Russia Volga-Uralic region N3al 55,4435 55,9757 | GS000014331-ASM (Karmin et al. 2015)
24 | Mari Russia Volga-Uralic region N3al 55,4435 55,9757 | GS000015715-ASM (Karmin et al. 2015)
25| Tatar Russia Volga-Uralic region N3a4 55,0500 52,4600 | GRC15559013 This study
26 | Tatar Russia Volga-Uralic region N3a4 54,4500 53,0100 | GRC15559014 This study
27 | Tatar Russia Volga-Uralic region N3a4 56,0900 50,1100 | GRC15559015 This study
28 | Udmurd Russia Volga-Uralic region N2al 57,2969 52,7563 | GS000035432-ASM (Karmin et al. 2015)
29 | Udmurd Russia Volga-Uralic region N3al 57,2733 54,0578 | GSO000013694-ASM (Karmin et al. 2015)
30| Udmurd Russia Volga-Uralic region N3al 57,2969 52,7563 | GS000035017-ASM (Karmin et al. 2015)
31 | Khant Russia Western Siberia N2al 63,4800 67,3900 | GRC15491804 This study




32 | Forest-Nenets Russia Western Siberia N2al 64,9202 77,7779 | GSO00015879-ASM (Karmin et al. 2015)
33 | Tundra-Nenets Russia Western Siberia N2al 67,0045 78,2216 |GS000016162-ASM (Karmin et al. 2015)
34 | Tundra-Nenets Russia Western Siberia N2al 67,0045 78,2216 | GS000016163-ASM (Karmin et al. 2015)
35| Even Russia Central Siberia N2al 62,6615 135,5425 | GS000016167-ASM (Karmin et al. 2015)
36 | Even Russia Central Siberia N3a2 63,2568 143,2094 | GSO000016166-ASM (Karmin et al. 2015)
37 | Evenk Russia Central Siberia N2al 63,5954 103,9512 | GS000020108-ASM (Karmin et al. 2015)
38 | Yakut Russia Central Siberia N2al 65,7612 105,3406 | GS000022441-ASM (Karmin et al. 2015)
39 | Yakut Russia Central Siberia N3a2 62,3496 131,9678 | GS000014333-ASM (Karmin et al. 2015)
40 | Yakut Russia Central Siberia N3a2 68,5162 102,1610 | GSO00020490-ASM (Karmin et al. 2015)
41 | Chukchi Russia Eastern Siberia N3a5b 64,7337 177,4916 | GS000020001-ASM (Karmin et al. 2015)
42 | Chukchi Russia Eastern Siberia N3a5b 64,7337 177,4916 | GSO000020002-ASM (Karmin et al. 2015)
43 | Eskimo Russia Eastern Siberia N3a5b 64,5041 172,8773 | GS000019998-ASM (Karmin et al. 2015)
44 | Even Russia Eastern Siberia N3a3 59,6727 150,1240 | GS000020110-ASM (Karmin et al. 2015)
45 | Koryak Russia Eastern Siberia N3a5b 61,9661 160,3686 | GS000022068-ASM (Karmin et al. 2015)
46 | Koryak Russia Eastern Siberia N3a5b 61,9661 160,3686 | GS000022069-ASM (Karmin et al. 2015)
47 | Koryak Russia Eastern Siberia N3a5b 61,9383 159,2329 | GS000033948-ASM (Karmin et al. 2015)
48 | Nanai Russia Eastern Siberia N3a6 49,3600 136,3600 | GRC14392027 This study
49 | Nanai Russia Eastern Siberia N3a6 49,3600 136,3600 | GRC14392028 This study
50 | Nanai Russia Eastern Siberia N3a6 51,1200 138,1800 | GRC14392029 This study
51 | Nanai Russia Eastern Siberia N3a6 51,1200 138,1800 | GRC14392030 This study
52 | Nanai Russia Eastern Siberia N3a6 51,1200 138,1800 | GRC14392032 This study
53 | Yakut Russia Eastern Siberia N3a2 62,9310 152,3849 | GS000022076-ASM (Karmin et al. 2015)
54 | Altaian Russia Southern Siberia N3b 51,2200 87,1600 | GRC14392020 This study
55 | Khakas Russia Southern Siberia N3b 54,0200 89,3600 | GRC14392078 This study
56 | Khakas Russia Southern Siberia N3b 53,2900 91,2100 | GRC14392079 This study
57 | Khakas Russia Southern Siberia N3b 54,0300 90,2200 | GRC14392081 This study
58 | Khakas Russia Southern Siberia N3b 53,0300 90,2700 | GRC15491805 This study
59 | Khakas Russia Southern Siberia N3b 53,0300 90,2700 | GRC15491806 This study
60 | Shor Russia Southern Siberia N3b 53,1100 88,0800 | GRC14392123 This study
61 | Shor Russia Southern Siberia N3b 52,7797 87,8641 | GS000022438-ASM (Karmin et al. 2015)
62 | Tuvinian Russia Southern Siberia N2al 51,4728 92,8482 |GS000016968-ASM (Karmin et al. 2015)
63 | Tuvinian Russia Southern Siberia N2al 51,1621 89,4727 | GS000017247-ASM (Karmin et al. 2015)
64 | Tuvinian Russia Southern Siberia N3b 51,2400 92,3600 | GRC14392134 This study
65 | Buryat Russia Mongolia and Transbaikal N3a5a 56,2678 112,9980 | GS000020491-ASM (Karmin et al. 2015)




66 | Buryat Russia Mongolia and Transbaikal N3a5a 56,2678 112,9980 | GS000022077-ASM (Karmin et al. 2015)
67 | Mongol Mongolia Mongolia and Transbaikal N2al 47,9090 100,8215 | GS000035235-ASM (Karmin et al. 2015)
68 | Mongol Mongolia Mongolia and Transbaikal N3aba 45,7148 106,2927 | GS000016190-ASM (Karmin et al. 2015)
69 | Mongol Mongolia Mongolia and Transbaikal N3aba 43,5485 104,2822 | GS000035116-ASM (Karmin et al. 2015)
70 | Mongol Mongolia Mongolia and Transbaikal N3aba 49,9971 106,5070 | GSO000035236-ASM (Karmin et al. 2015)
71| Afgan Afghanistan Central Asia, Caucasus & West Asia | N2al 34,2400 69,1700 | GRC14325559 This study
72 | Arabic unknown Central Asia, Caucasus & West Asia | N2al . . GRC13280752 This study
73 | Kazakh Kazakhstan Central Asia, Caucasus & West Asia | N3aba 51,1242 71,5430 | GS000035127-ASM (Karmin et al. 2015)
74 | Lebanese Lebanon Central Asia, Caucasus & West Asia | N3a2 33,8430 35,6177 | GS000017169-ASM (Karmin et al. 2015)
75 | Turkish Turkey Central Asia, Caucasus & West Asia | N2al 38,3100 29,0900 | GRC13275955 This study
76 | Turkish Turkey Central Asia, Caucasus & West Asia | N3a5a 39,3500 32,5800 |GRC13187499 This study
77 | Chinese China East Asia N2a2 41,4100 124,0100 | GRC14389432 This study
78 | Chinese China East Asia N3a2 34,4100 109,2500 | GRC12129455 This study
79 | Chinese China East Asia N4a 31,5500 105,4500 | GRC13188948 This study
80| Chinese China East Asia N4a 28,4400 105,2500 | GRC13227636 This study
81 | Chinese China East Asia N4a 39,4600 116,1800 | NA18558-200-37-ASM (Karmin et al. 2015)
82 | Chinese China East Asia N4b 34,3500 112,3000 | GRC12126040 This study
83 | Chinese China East Asia N4b 29,5100 107,0300 | GRC12135043 This study
84 | Chinese China East Asia N4b 38,5300 115,5300 | GRC13181491 This study
85 | Chinese China East Asia N4b 27,5600 116,3600 | GRC13211524 This study
86 | Chinese China East Asia N4b 38,2100 106,3000 | GRC13248198 This study
87 | Chinese China East Asia N4b 31,1100 111,1700 | GRC13277996 This study
88 | Chinese China East Asia N4b 22,2400 110,1600 | GRC14355778 This study
89 | Japanese Japan East Asia N2a2 35,4800 139,3000 | GRC12126890 This study
90 | Japanese Japan East Asia N3c 35,0300 137,4100 | GRC13176739 This study
91 | Japanese Japan East Asia N3c 43,2400 142,2600 | GRC13271735 This study
92 | Japanese Japan East Asia N4b 42,5500 141,4800 | GRC13277459 This study
93 | Viethamese Vietnam East Asia N2a2 11,0100 106,5500 | GRC13193880 This study
94 | Mixed origin unknown unknown N5 . . GRC13294033 This study
95 | Lebbo Indonesia Southeast Asia 02a2 1,6553 117,1572 | GSO00017007-ASM (Karmin et al. 2015)
96 | Murut Brunei Southeast Asia Olc 4,6204 115,1415 | GS000019985-ASM (Karmin et al. 2015)
97 | Burmese Myanmar East Asia 03al 19,7361 96,2089 | GS000019901-ASM (Karmin et al. 2015)




Table S3. Specifications for SNPs used to genotype population samples (unless otherwise indicated).

Product SNP
SNP Position Marker name Clade Forward Primer5' - 3' Reverse Primer 5' - 3' Length | Position | Ancestral | Derived
Build37 (bp) Product
2880546 B202 N3a5-B202 AGTTTAGTATTTTATGGCTGCAAC GATTTATTCTGAGCTGATTTTCTG 299 146 T C
21978781 B479 N3a6 GACAGGGTTCTTATCATTAACAC GTCTTCTTTTCAGTCTCATGTTG 462 221 C A
7870037 B523 eq' N2al ACCTGACAAACTTTAAGAGAAGAAA CCCCAGAGAACATTTTGAAATATCA 294 158 T G
7207924 B478 N2a1-B478 CAAGAGCAAGGTCTAGTGTA ACTCTCTACCCTCTGCAAAA 212 121 T A
21843827** B478_eq (P63)* N2a1-B478 GTCCTATATCTGAAACCAAAAGC GCAGAATTACCATCCTTAACAAG 399 207 A G
7926029 B524 N2al-B524 CATTGATGTTTTCTCTAGGCTTG ATTGACTACAGGATCTCAATATGAA 397 224 C A
21977460 B525 N2al1-B525 ATACTGTCTCATTTGCTCCCTCTAT CTTTGTAAACCCTCCCTTGATTA 460 213 C A
16041509 B528 N2al1l-B528 CTGTTTCTATTTCTATTTCGGGTT GAAGCTACTATTGTTTGTTTCGAG 385 231 C T
14001197 B187 N3b AGTAACACAAAGTAATACAAAGCAG AGCTCAATTATCCAGTTTTAAGA 347 159 C T
14570424 VL29(CT52929)1 N3a3 TGGACATATACACCCACACT GATTGGGGAAAAGTTGGTCA 228 106 T C
14827819 B197' N3a5-B197 TTATAACTTGTTCTTGGCGTAGATT TATGATGTTTGCAAGACAGTGAAAT 382 141 T C
17090704 B211* N3al TGTTTCTAGTTGCCCTGATG AGATGACAGACGGACCTTAA 196 166 G A
17216441 CTS6967(L392_eq) N3a3'6 AGAGTGTGTTTCTTTACTGCT GACACAGGAAGCATGACAA 195 97 G C
18973691 L1419_eq1 N2al-L1419 ATTATGTCTGCGTTGTCTTATTGAA GAGACTCAAGCCTGTAATTTTGAA 391 163 A T
19282064 F4205 N3a5-F4205 AACTTATGCTGAACTTGAAGATG GCACCCTAACCAATCCCTTG 240 120 G A
21463326 71936 N3a4 CTAAACTCGTCCCTCAGTCA GCTTAACTCTGCCTGACTTC 232 150 C T
22762208 M2110 (CTS10761) N3a2'6 AAGAAACCTAAGAAAGCCTGC ATGTAAGAACGTGCTATCTG 248 142 T A
23259624 M2118 N3a2 CCTCTCACTAGCAAAGAACC CCATGGTACTCTGTTTTCTCA 187 137 A G
19080602** F2930 N4 CTGTACTCTCCCTATAATTTCAGTA CACAACACAGTCAGGAATTCTCA 400 158 G A

* Position 21843827 is indicated as marker P63 in ISOGG with insertion of Cin this position, but sequencing confirmed A/G mutation in that position

* *marker not typed in the phylogeographic study

the following markers used in the population survey results in TableS2 were typed but are not listed in Table S6 since they fall outside the 6.2 Mbp sequence lenght.




Table S4. Datapoints from literature for frequency maps.

Sample points
POPULATIONS

Italians from South Apulia
Italians from West Campania
Saudi Arabians

Avars

Chechens (Chechnya)
Chechens (Ingushetia)
Darghins

Ingushes

Kubachins

Ossets Digora
Shapsugs

Croatians

Albanians

Bosnians

Greeks Macedonian
Slovenians of Battaglia
Norway

Denmark

UAE

Chinese Blang (Chine)

Chinese Kimmun-Mountain (Chine)

Chinese Miao Guizhou (Chine)
Chinese Miao Yunnan (Chine)
Chinese Mien-N (Chine)
Chinese Mien-Nativer (Chine)
Chinese Mien-W (Chine)
Chinese Pahng (Chine)
Chinese She-N (Chine)
Chinese Yao-Lowland (Chine)
North-West Sicily

Taiwan

Turks North-Eastern

Turks North-Western

Turks South-Eastern
Hungarian

Kalmyks

Egypt

Syrians NE (Ar-Raqqah)
Syrians NW (Aleppo)

Tibet

Lebanese Maronite (Mount)
Okinawa

Evenks (China)

Han Southern

Manchus

Miao

She

Tibetians

Tujians

Uygurs

Yao

Yizu

Miao

She

Tujia

Yao

Chinese Korean

Japanese

Manchurian

Germans (Freiburg i.Br.)
Japanese (Yamaguchi)
Greeks (Crete)

Greeks (Nea Nikomedia)
French (Provence "Neolithic")
Antwerpen

Iranians Muslim (Uromia)
Czech (Brno)

Albanians Kosovar

Dutch

Romanians

Sardinians

Kets

Etulia (Gagauz)

Tajiks (Samarkand)

Uzbeks (Bukhara)

Uzbeks (Fergana Valley)
Yagnobs

References
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LATITUDE
39,89
41,07
24,70
42,47
43,20
43,20
42,18
43,12
42,08
43,12
44,15
45,48
41,19
43,85
41,05
46,03
59,90
55,43
24,28
21,40
22,20
26,50
24,20
23,50
24,00
22,50
25,30
27,60
24,50
38,03
24,00
40,80
40,90
37,50
46,63
46,00
30,00
36,00
36,20
29,58
33,80
26,32
50,10
24,70
44,20
28,20
22,80
33,30
29,30
43,90
23,80
26,50
26,00
22,00
27,00
23,00
42,00
35,70
43,90
48,00
34,10
35,23
40,58
43,60
51,24
37,60
49,20
42,70
52,30
44,40
40,00
63,20
45,31
39,60
39,80
40,60
39,40

LONGITUDE
18,34
14,71
46,70
46,88
45,98
45,20
47,22
45,04
47,58
43,55
39,12
15,57
19,49
18,42
23,33
14,30
10,80
12,34
54,22
100,20
101,20
108,30
103,40
106,20
111,40
101,50
109,10
119,30
110,50
12,06
121,00
38,60
28,10
39,10
20,27
45,38
31,25
38,90
37,60
91,12
35,50
127,78
125,90
115,00
126,90
107,30
110,30
86,70
112,30
86,90
107,60
100,50
113,00
111,50
115,00
107,00
124,00
139,70
125,20
7,83
131,50
25,83
22,25
7,10
4,68
45,10
16,60
21,20
4,90
26,10
9,00
87,00
28,27
67,60
64,40
71,00
68,60



Buyei 33 26,55 106,28

Han (Chendu) 33 30,70 104,05
Han (MeiXian) 33 34,30 107,55
Hui 33 36,98 105,92
Li 33 19,17 110,03
Qjang 33 31,97 102,30
She 33 29,27 121,40
Tibetans 33 29,45 90,48
Yao (Bama) 33 24,10 106,93
Yao (Liannan) 33 24,72 112,27
Abazins (Stavropol province) 34 44,68 42,00
Abkhazians (Georgia) 34 43,00 40,95
Andis (Dagestan) 34 42,60 46,20
Balkars (Kabardino-Balkaria) 34 43,33 43,33
Dargins (Dagestan) 34 42,08 47,58
Georgians (Georgia) 34 42,00 44,10
Ingush (Ingushetia 34 43,32 45,00
Karachays (Karachay-Cherkessia) 34 43,92 42,13
Kumyks (Dagestan) 34 42,73 47,37
Tabasarans (Dagestan) 34 42,00 47,67
Cypriote 35 35,10 33,50
Maltese 35 35,90 14,50
Lebanese Shiite Muslim (South) 36 33,20 35,42
Lebanese Sunnite Muslim (North) 36 34,50 36,27
Buyi (Guizhou) 37 26,20 107,50
Buyi (Guizhou) 37 26,10 106,20
Han (Guangdong) 37 27,30 116,10
Han (Jiangsu) 37 34,50 119,10
Han (Shannxi) 37 34,10 108,90
Hazak (Xingjiang) 37 43,50 82,10
Jing (Guangxi) 37 23,20 106,10
She (Fujian) 37 26,20 117,50
Tibetan (Qinghai) 37 34,00 100,10
Tibetan (Xizang) 37 29,90 89,50
Yao (Guangxi) 37 25,70 108,70
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Table S5. Age estimates of hg N clades reported in Figure S1

No
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Name

NO calibration point
N

N2'4

N2'3

N3

N3a'b

N3a

N3a2'6

N3a3'6

N3a3

N3a6

N3a5

N3a4

N3a2

Post

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.26
0.28
1.00
0.99
1.00
1.00
0.22
0.13
0.25
0.48
1.00
0.40
1.00
1.00
1.00
1.00
1.00
0.99
1.00
1.00
0.22
0.23
1.00
1.00
1.00
1.00
0.99
0.35
1.00
1.00
1.00
0.99
1.00
1.00
1.00
1.00
1.00
0.56
1.00
1.00
1.00
1.00
1.00
0.43
0.96

Age
41,900
25,313
19,937
17,621
12,989
11,914
8,395
7,113
4,995
4,848
4,714
4,480
4,177
2,887
2,530
2,426
2,338
2,173
2,595
2,466
2,339
1,486
4,217
1,006
589
826
4,580
2,774
2,328
2,230
2,159
1,602
498
2,423
862
589
487
465
4,476
4,027
3,542
2,102
1,955
428
3,860
526
328
2,461
886
4,490
1,737
653
506
4,170

Lower®

22,764
17,954
15,677
11,336
10,365
7,126
6,076
4,353
4,208
4,119
3,816
3,484
2,282
2,024
1,971
1,817
1,476
2,004
1,954
1,769
818
3,359
530
271
332
3,943
2,226
1,798
1,684
1,566
1,019
182
1,825
470
324
227
153
3,790
3,197
2,586
1,313
1,211
107
3,073
206
25
1,836
419
3,594
990
338
213
3,206

Upper®

27,934
21,988
19,570
14,648
13,579
9,658
8,252
5,700
5,477
5,417
5,156
4,857
3,624
3,067
2,957
2,873
2,758
3,278
3,038
2,863
2,173
5,004
1,633
1,004
1,544
5,284
3,415
2,842
2,750
2,685
2,252
872
3,118
1,370
951
780
801
5,156
4,762
4,391
2,709
2,584
754
4,629
893
618
3,122
1,487
5,394
2,539
1,103
855
5,052

b
Lower

40,175
21,722
17,134
14,952
10,802
9,875
6,781
5,783
4,147
4,009
3,925
3,632
3,312
2,163
1,920
1,871
1,721
1,387
1,897
1,853
1,673
757
3,185
489
247
298
3,755
2,112
1,702
1,592
1,477
953
162
1,725
435
300
207
134
3,606
3,031
2,440
1,227
1,131
89
2,914
184
12
1,735
383
3,409
919
311
192
3,034

Upperb
43,591
28,956
22,793
20,282
15,173
14,060

9,997
8,539
5,902
5,673
5,607
5,337
5,026
3,741
3,169
3,055
2,967
2,846
3,383
3,138
2,957
2,233
5,174
1,674
1,028
1,577
5,469
3,527
2,936
2,840
2,772
2,317

892
3,216
1,405

975

800

820
5,337
4,925
4,534
2,794
2,663

771
4,785

914

631
3,221
1,523
5,575
2,609
1,129

875
5,220



55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

No - node number,
Name - node name,

N3al

N3b

N3c
N2a
N2al

N2a2

N4
N4b

N4a

1.00
1.00
1.00
1.00
1.00
1.00
0.21
0.59
0.20
1.00
0.58
1.00
1.00
1.00
0.99
1.00
0.52
1.00
1.00
0.27
1.00
1.00
1.00
1.00
0.70
0.43
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.34
1.00
0.39
1.00
0.32

Post - posterior support to the clade,
Age - average age estimate (years),
Lower - lower 95% boundary, Upper - upper 95% boundary of the age estimate,

a - considering only the variance of branch length estimation in BEAST,
b - considering the uncertainty from the confidence intervals of the calibration point age 40,175 - 43,591.

4,325
1,972
1,211
2,051
1,149
615
527
347
392
688
1,627
2,807
9,314
4,727
4,391
3,007
2,706
1,819
567
2,515
1,130
1,652
1,378
2,491
2,174
4,523
2,678
2,707
4,909
3,462
16,220
7,162
6,437
5,631
2,606
2,475
4,694
6,919
12,726
12,530

3,263
1,18
561
1,301
705
352
262
91

96
354
901
1,999
7,802
4,018
3,720
2,295
2,12
1,142
244
1,951
481
1,049
834
1,947
1,355
3,846
2,012
2,034
3,864
2,438
14,400
6,041
5,419
4,575
2,016
1,951
3,778
5,841
11,042
10,802

5,285
2,701
1,952
2,664
1,657
927
794
596
645
1,138
2,491
4,114
10,888
5,502
5,109
3,849
3,500
2,514
1,019
3,229
1,922
2,367
2,088
3,113
2,812
5,266
3,615
3,595
6,158
4,624
18,196
8,363
7,574
6,740
3,282
3,123
5,729
8,174
14,685
14,496

3,085
1,099
511
1,217
658
327
240
77

80
326
834
1,884
7,419
3,824
3,539
2,171
2,009
1,067
221
1,848
435
981
777
1,845
1,266
3,660
1,902
1,923
3,662
2,296
13,733
5,746
5,154
4,343
1,909
1,849
3,585
5,556
10,518
10,286

5,460
2,781
2,001
2,747
1,703
952
815
610
661
1,166
2,557
4,227
11,264
5,693
5,286
3,970
3,609
2,587
1,042
3,331
1,968
2,434
2,144
3,214
2,900
5,449
3,723
3,704
6,356
4,764
18,851
8,652
7,834
6,967
3,387
3,223
5,919
8,453
15,199
15,002
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