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Abstract

The expansion of modern humans to the American continent after the Last Glacial Maximum led the way to the present-day
distribution of American aborigines. Recent advances in autosomal DNA research and expanded testing of mtDNA lineages
has provided a clearer picture of the number and timing of founding lineages. However, both autosomal DNA and mtDNA
research have provided unresolved competing theories between the short-term and the long-term models of the Beringian
standstill hypothesis. Further, the source of founding paternal lineages of American aborigines and their relationship with
ancient Siberia populations remains ambiguous. In this study, we reanalyzed a 7.0 Mbp region of 132 paternal Y-
chromosome sequences, including 39 newly reported ones, of male samples from American aborigines and Eurasian
populations. Among FEurasian samples, we identified Y-chromosome branches that are most closely related to known
American aborigine founding lineages, that is, Q1-L804 links to Q1-M3, Q1-L330 links to Q1-Z780, Q1-M120 links to Q1-
B143, and C2-F1756 links to C2-P39. The revised phylogenetic tree and age estimates indicate a narrow timeframe
(~15.3-14.3 kya) for the upper time limit of human entry to the American continent. Our analysis suggests that the in situ
differentiation of Q-M242 in Central Eurasia and South Siberia region gave rise to numerous sub-lineages older than 15.3
kya, and the founding of Paleo-Indian paternal lineages is part of the great Q1-L53 diffusion throughout the Eurasia after the
Last Glacial Maximum. The results of our study will assist in future studies of the history of modern populations in Eurasia
and the Americas.
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Introduction

The origin and diffusion of American aborigines has long
fascinated linguists, archeologists, and geneticists.
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Generally, American aborigines are categorized into three
groups: Amerindian, Na-Dene populations, and Eskimo-
Aleut [1]. Both archeological and genetic evidence suggests
that Eskimo-Aleut populations entered the North American
subcontinent in a late wave of migration several thousand
years ago [2, 3]. Therefore, only Amerindian and Na-Dene
populations are considered descendants of the first group of
modern humans on the American continent [1]. In this
study, the term “Native American” refers to these two
groups.

Subjects of interest to population genetics include the
location of Eurasian origin, the date of first colonization, the
number and path of migrations, and the age of surviving
archeological sites in the Americas. Genetics has for some
time been used to explore these questions. Methods used
have included mtDNA, autosomal DNA, and the non-
recombining part of the Y-chromosome, NRY. From the
mtDNA perspective, there are five established founding
lineages (mtDNA haplogroups A2, B2, C1, D1, and X2a)
[4-6]. The first four of these mtDNA lineages have deep
connections to East Asia while the fifth has a less certain
origin. Recent improvements in autosomal DNA testing
technology for ancient DNA samples have revealed addi-
tional connections to Eurasia [7-11]. Meanwhile, there are
at least four founding Y-chromosome lineages Q1-M3
[12, 13], Q1-Z780 [14, 15], C2-P39 [13, 16], Q-NWTO1
(AKA Q-F746) [16, 17], and several unclear minor linea-
ges. [12, 13, 16-20] Of these, the Q-NWTOI lineage is
Eskimo-Aleut and not considered part of the Native
American group as defined in this paper.

It is generally accepted that the Native American
founding population is genetically closely related to ancient
populations in Siberia [7, 10]. Recent ancient DNA studies
suggest that ancient northern Eurasians, represented by
24,000-year-old MA1, contributed substantially to the gene
pool of modern Native Americans [7, 10]. Additionally, the
expansion age of Native American peoples has long been
used as a calibration point for the whole tree of human
mtDNA and Y-chromosomes [21, 22]. However, it is pos-
sible that the paternal and maternal lineages of Native
Americans diverged before their entry to the Americas. The
assumption that paternal lineages of Native Americans
diverged at about the same time as the initial peopling of the
continent has yet to be verified by both modern samples and
ancient DNA.

At one time, Clovis Culture (~13.0-12.6 thousand years
ago, hereafter kya) archeological sites were considered the
oldest remains on the American continent [23]. However,
increasing archeological evidence supports pre-Clovis
human occupation of the Americas as early as 15,000
years ago [24, 25]. Further, although, the Anzick-1 boy was
initially used to link the Clovis Culture to the expansion of
Y-chromosome lineage Q-M242 in the Americas, its refined
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placement on the tree in this study indicates that it is only
the progenitor of the Q1-FGC47532 sub-lineage, which
expanded from Q1-Z780 after colonization [26, 27].

In the past decade, the “Beringian standstill hypothesis”
has been proposed to explain the early differentiation of
ancestors of American aborigines from their close relatives
in Siberia [5]. There are two parts to this hypothesis. The
first part is the “Long-term Beringian standstill model”
which argues that a Native American founding population
reached Beringia during or before the Last Glacial Max-
imum (LGM) (dated to ca. 18,000-24,000 cal BP), where
they were genetically isolated for up to ~3-9 kya before
moving south across the ice-sheets in North America at
about 15 kya [5]. The second part is the “Short-term Ber-
ingian standstill model” which suggests that an ancestor
group of Native American arrived at Beringia after the
LGM (aka. after 18 kya) and stayed there for a short period
before moving south at about 15,000 years ago [6].

Recent studies of the maternal gene pool through
mtDNA can support both parts of the “Beringian standstill
hypothesis” [5, 10, 28]. The split times of four of the
founding mtDNA lineages (A2, B2, C1, and D1) of Native
Americans and their close relatives in Siberia are between
24.9 and 18.4 kya [28]. Additionally, mtDNA suggests that
the Native American founding population experienced a
reduction in size that lasted for 30004000 years [5]. This
reduction may be linked to the deteriorating conditions of
Beringia at the LGM. An alternative route has been pro-
posed along the western coast of North America ~15-17
kya [4, 29]. Archeological support for the Beringian
standstill hypothesis is scarce [30]. At present, there is no
unequivocal archeological evidence to support such an
entry to the American continent earlier than 15 kya [24].
Archeological sites in the Beringia region are not dated to
earlier than 14 kya. A possible exception is the Bluefish
Caves site in the Yukon Territory of Canada (dating to 24
kya), which is still in doubt [31, 32]. Therefore, additional
demographic modeling and ancient DNA data are needed to
explain the early differentiation between the Native Amer-
ican founding population and close relatives in Siberia.

Previous genetic studies of Y-chromosome have identi-
fied a number of founding paternal lineages for American
aborigines, including Y-chromosome haplogroup Q1-M3
[12, 13], C2-P39 [13, 16], and Q-NWTO01 (AKA Q-F746)
[16, 17]. There are also several unclear minor lineages. [12,
13, 16-20] Haplogroup Q1-M3 is found at high frequencies
in nearly all American aborigine populations. Additionally,
~9-ky-old Kennewick Man and the remains of a male from
Alaska (ONYKCM) belong to lineage QI1-M3 [9, 33].
Scholars have proposed that the expansion of this lineage
corresponds to the initial colonization of humans through-
out the America continent [12—14]. Haplogroup Q-L330, a
closely related Y-chromosome lineage of Q1-M3, was
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Fig. 1 Phylogenetic tree and the
location of studied samples
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discovered among South Siberia populations [34-36],
indicating the ancient link between populations in two
distant regions. Haplogroup C2-P39 scatters randomly in
the North America [13, 16] and a number of C2*-
M217 samples were found in Colombian and Ecuador
populations in South America [13, 19]. Scholars have also
suggested that haplogroup C2-P39 and C2*-M217 may
represent another two minor founding paternal lineages of
American aborigines [13, 16]. The samples of haplogroup
Q-NWTO1 were mainly found in Inuvialuit and other
populations near the North Circumpolar Region [16, 17].
The research of Karmin et al.[35] indicated that lineage Q-
B143 is a sub-branch of Q-NWTO01. Ancient DNA analysis
suggests that the ~4-ky-old Saqqaq male belongs to the Q1-

B143 lineage [3]. Therefore, this lineage may represent a
later wave of human migration near the North Circumpolar
Region, rather than being a founding lineage of Native
Americans [16, 17]. Furthermore, ancient DNA studies
have shown that the ~12.6-ky-old Anzick-1 boy belongs to
the Q1-FGC47532 sublineage of haplogroup Q1-Z780 [8].
However, few works have mentioned haplogroup Q-L804
[37] and Q-Z780 [14]. Previous studies focused on the
internal diversity of paternal gene pool of American abor-
igines and little is known about the differentiation process
of founding paternal lineages of American aborigines from
their close relatives in Siberia and more broadly in Eurasia.

In this study, we collected Y-chromosome sequences
from Eurasian populations that are related to paternal
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lineages of American aborigines, especially those in North
Asia. Our first objective was to determine the most closely
related lineage of each Native American paternal lineage in
Eurasian populations by phylogenetic analysis. The second
goal was to estimate the split time of all studied samples
from their common ancestor to study the population dif-
ferentiation process in Siberia, which was directly related to
the emergence of the founding group of Native Americans
(hereafter called “Paleo-Indians”). In particular, we were
interested in re-examining the Beringian standstill hypoth-
esis based on new evidence from the perspective of
the paternal Y-chromosome. Overall, we used a refined
Y-chromosome phylogenetic tree with accurate dating to
explore the origin of paternal lineages of Native American
populations.

Materials and methods

Detailed information is described in Supplementary text,
Materials and Methods. We reviewed published literature
and from it collected previously sequenced Y-chromosome
DNA results from American aborigines and their relatives
from Eurasia populations [14, 35, 38—40]. We then selected
suitable samples from our lab for additional Y-chromosome
sequencing. Some sequences from our lab were phylogen-
etically close to samples from American aborigines while
others were only used to provide a better resolution for the
upstream structure of the whole-phylogenetic tree. In col-
laboration with a group of citizen scientists, 15 men that
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tested at Family Tree DNA provided their Y-chromosome
sequences. Six of those men trace their ancestry to Eurasia
and the other nine men are descendants of American
aborigines. Methods for collaboration with citizen scientists
and informed consent for these samples follows Balanovsky
et al.[41]. The demographic and phylogenetic information
for the 132 samples involved in this study, including
56 samples from American aborigines, is listed in Supple-
mentary Table S1. All individuals signed informed consent
forms before their participation. The ethics committee for
biological research at the School of Life Sciences in Fudan
University approved the study. Mapping of reads and SNP
calling were conducted with the human reference hg37
using GATK packages and standard procedures for next-
generation sequencing. Bayesian evolutionary analyses
were implemented in BEAST (v2.4.3) [42].

Two approaches were used to calculate the splitting time
of the phylogenetic tree with BEAST software. First, we
applied the point mutation rate of 0.74 x 10~ per site per
year which was inferred from the genome of 12.6-ky-old
Anzick-1 Boy [8, 35]. Second, two calibration points were
used for age calculation [8, 43]. More detailed descriptions
of the sequence data processing, genotyping and filtering,
studied samples, phylogenetic inference, and choosing of
dating approaches are included in the Supplementary text,
Materials and Methods.

The raw sequence data reported in this paper has been
deposited in the Genome Sequence Archive [44] in BIG
Data Center, Beijing Institute of Genomics (BIG) [45],
Chinese Academy of Sciences, under accession numbers
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Fig. 3 Proposed paternal origin of Paleo-Indians in Siberia

PRJCA000419, PRICA000420, and PRJCA000430 that are
publicly accessible at http:/bigd.big.ac.cn/gsa. The
sequences of the 15 citizen science testers from Family Tree
DNA were deposited in the NCBI GenBank database under
accession number SRP135954.

Results

A schematic phylogenetic tree and the location of studied
samples are shown in Fig. 1. Detailed sample information
and a detailed phylogenetic tree with markers of important
clades are provided in Supplementary Table S1 and Fig-
ure S1, respectively. Age and posterior support estimates for
each clade on Figure S1 are reported in Table S5. The age
estimations of two approaches are close to each other. As
shown in Figs. 2 and 3, we identified the most closely
related Eurasian lineage for each paternal lineage of
American aborigines (also see Figure S1).

As shown in Fig. 2, Y-chromosome C2-M217 has a
number of sub-lineages and the split time between C2-P39,
C2-B77, and C2-F1756 was ~1427kya (95% Cl=
13.35-15.11 kya). The sub-lineage C2-B77 was assigned to
a Koryaks sample [35]. Samples of sub-lineage C2-F1756
(DYS448del) have mainly been found in Mongolic-
speaking and Turkic-speaking populations [46]. We
observed a continuous differentiation of C2-M217 between
15.3 kya and 14.3 kya (Fig. 2, Figure S1, and Table S5).
Differentiation during this period gave rise to all sub-
lineages of C2-M217 in Siberia and America, including C2-
M48, C2-F1918 (also known as the “Star cluster” [47]), C2-

B77 B79” pag

F8535 F1918
F1756

.7

F1756 (DYS448del), C2-P39,
lineages.

The divergence time between Y-chromosome Q1-B143
and QI-M120 was about 1525kya (95% Cl=
13.86-16.86 kya). The Y-chromosome of the Saqqaq male
belonged to lineage Q1-B143, a predominant lineage in the
Koryak population [3, 35]. In a previous study,
Y-chromosome Q1-NWTOI (the ancestral lineage of B143
and M120) was also found at high frequencies in Eskimo-
Aleut populations, but was absent from Native American
populations [16, 17]. It is highly possible that QI-NWTO1
samples in Eskimo-Aleut populations also belong to lineage
Q1-B143. However, owing to the low sequence coverage of
the Saqqaq male, we were unable to determine the split time
between the Saqqaq male and other Koryak samples. An
ancient DNA analysis indicated that the lineage Q1-B143
may be related to the human expansion later than 6 kya near
the Arctic Circle [3]. The most closely related lineage of
Q1-B143 in Eurasian populations is Q1-M120, a frequently
observed lineage in East Asia [48].

The Y-chromosome QI-Z780 lineage is exclusively
found in Native American populations [14, 15]. It is
represented in ancient DNA samples by Anzick-1. Previous
studies have linked the Y-chromosome of Anzick-1 to the
greater Q-M242 and Q1-Z780 founding lineages in the
Americas [8, 49]. We find in tree analysis that the Anzick-1
boy belonged to the Q-FGC47532, sub-lineage of Q1-Z780
(see Figure S1 and Table S4). The most recent common
ancestor of all available Q1-Z780 samples was dated to
~15.00 kya (95% CI = 14.12-15.88 kya). The Anzick-1 boy
shared SNPs Y32176 (hgl9: 21559812, T>A) and

and three other minor
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FGC47532 (hg19: 16071882, T>C) with two living Native
Americans (FDY-005 and FDY-014) from Mexico. These
shared SNPs confirmed the close relationship between the
ancient population of the Anzick-1 boy and modern Native
Americans.

The discovery of QI-L804 provides insight into the
origin of QI1-M3, the predominant paternal lineage in
Native American populations [14]. To date, most Q1-L804
samples have been found by personal DNA testing, done by
citizen science testers, at commercial institutes like Family
Tree DNA; an exception is Eng-hgQ-1 reported by Hallast
et al.[50]. According to data obtained from www.yfull.com,
a citizen science website, samples of lineage Q1-L.804 are
restricted to Northwest Europe. The split time between Q1-
L804 and Q1-M3 was ~16.29 kya (95% CI = 15.33-17.25
kya). Additionally, the split time between Q1-M1107 and
Q1-L330, a predominant paternal lineage in Altai popula-
tions, was about 17.24 kya (95% CI = 16.25-18.22 kya). As
proposed in previous studies [20], the lineage Q1-M3
underwent a successful expansion in the American con-
tinent (Figure S1). The most recent common ancestor of all
available Q1-M3 samples was dated to ~14.58 kya (95%
CI=13.76-15.37, Figure S1 and Table S5).

Discussion

We identified a number of Y-chromosome lineages in
Eurasian populations that are closely related to the founding
paternal lineages of American aborigines, including C2-
P39, Q1-Z2780, and Q1-M3. The lineage C2-P39 formed at
~14.3 kya, while the ages of the most recent common
ancestor of Q1-Z780 and Q1-M3 were ~15.0 kya and 14.6
kya, respectively. We also described a large number of
newly defined subclades and variants (Table S4). Geno-
typing these newly discovered variants for large samples of
Siberia populations and American aborigines will help
clarify the demographic history of these populations.

Differentiation and diffusion in Paleolithic Siberia

Based on the phylogenetic analyses and the current dis-
tributions of relative sub-lineages, we propose that the
prehistoric population differentiation in Siberia after
the LGM (post-LGM) provided the genetic basis for the
emergence of the Paleo-Indian, American aborigine, popu-
lation. According to the phylogenetic tree of Y-
chromosome haplogroup C2-M217 (Fig. 2 and Fig-
ure S1), eight sub-lineages emerged in a short period
between 15.3kya and 14.3kya (Table S5). Within these
sub-lineages, haplogroups C2-M48, C2-F1918, and C2-
F1756 are predominant paternal lineages in modern Altaic-
speaking populations [46, 51, 52]. Samples of haplogroups
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C2-F8535 and C2-P53.1 were found in two Turkic- and
Mongolic-speaking minorities in China (Table S1). Both
archeological and genetic data suggest that Altaic-speaking
populations are results of population expansion in the past
several thousand years in the Altai Mountain, Mongolia
Plateau, and Amur River region [51-54]. By contrast, three
other sub-lineages, C2-B79, C2-B77, and C2-P39, appear
only in Koryaks and Native Americans [16, 35]. The lati-
tude of the Altai Mountain, the Mongolia Plateau, and
Amur River region are much lower than that of Beringia,
where the ancestors of Native Americans finally separated
from their close relatives in Siberia. Therefore, the phylo-
geographic patterns of sub-lineages of C2-M217 in this
study reveal a major splitting event between populations in
a lower latitude region of Siberia and ancestors of Koryaks
and Native Americans during the post-LGM period.

The sub-lineages of the Y-chromosome Q-M242 hap-
logroup were found in populations throughout the Eurasia
continent. According to available data, the Q1-L804 lineage
is exclusively found in Northwest Europe, while Q1-M120
is primarily restricted to East Asia [48]. Additionally, the
lineage Q1-L330 is the predominant paternal lineage in
Altai, Tuva, and Kets in South Siberia [34-36, 55]. A
number of QI1-M242 samples have also been found in
ancient remains from South Siberia and adjacent regions
[56, 57]. Other sub-lineages of Q-M242 are scattered widely
in different geographic regions of Eurasia, including Q1-
L275, Q1-M25, and Q1-Y2659 [14, 35, 37, 58]. Addi-
tionally, the Y-chromosome of a 6000-5100 BCE sample
(I4550) from Zvejnieki, Latvia has been identified as Q1-
L56 [59]. These findings suggest that the sub-lineages of Q-
M242 started to diffuse throughout Eurasia in a very ancient
period.

Emergence of Paleo-Indian populations

The revised phylogenetic tree of Y-chromosome hap-
logroup Q-M242 in this study provides clues regarding the
origin of Native American lineages Q1-M3 and Q1-Z780
(Fig. 3). According to our estimates, haplogroup Q1-L54
expanded rapidly between 17.2 kya and 15.0 kya and finally
gave rise to two major founding paternal lineages of Native
American populations, known as Q1-Z780 and Q1-M3.
Ancient DNA studies indicate that the early population in
South Siberia, represented by MA1 genomes, had a genetic
influence on both modern western European and Native
American populations [7]. Therefore, we conclude that the
accumulated diversity of sub-lineages of Q-M242 before
15.3 kya resulted from the in situ differentiation of Q-M242
in Central Eurasia and South Siberia since the Paleolithic
Age, and the appearance of the Paleo-Indian population is
part of the great human diffusion throughout the Eurasia
after the Last Glacial Maximum.
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It is also interesting to note the strong bottleneck effect
during the migration of Paleo-Indian populations toward
Beringia and America (Fig. 3). Among the eight observed
sub-lineages of C2-M217 before 15kya in Siberia, only
three sub-lineages (C2-B79, C2-B77, and C2-P39) were
involved in the migration toward Beringia and only one
(C2b-P39) ultimately reached the America continent.
Among the ten observed sub-lineages of Q-M242 before 15
kya in Siberia, only three sub-lineages (Q1-B143, Q1-Z780,
and Q1-M3) were involved in the migration toward Ber-
ingia and only two (Q1-Z780 and Q1-M3) reached the
American continent before 14 kya.

Age of entry into America

The age of the split between founding Y-chromosome
lineages of Native Americans (C2-P39, Q1-Z780, and Q1-
M3) and their most closely related lineages in Eurasia can
be considered the upper time limit of the time of entry into
America. The observed expansion of unique paternal
lineages of Native American lineages (Q1-Z780 and Q1-M3
in this study) can be considered the lower time limit for the
founding Paleo-Indian population, either before or after the
entry into America. In general, our Y-chromosome analysis
provides a narrow timeframe (~15.3—14.3 kya) for the upper
limit of human entry into the American continent.
The divergence time between Q1-B143 and Q1-M120
(~15.25kya) was also consistent with this differentiation
pattern. Our calculations are consistent with the expansion
time of Native American mtDNA lineages [28, 60] and
available archeological evidence [23-25].

A Y-chromosome perspective on the “Beringian
standstill hypothesis”

The “Beringian standstill hypothesis” argues that the
ancestral population of Native Americans reached the Ber-
ingia region before 18 kya (or up to 30kya) and experi-
enced long-term isolation before dispersal into America
[5, 6, 30-32, 61]. This hypothesis is largely based on the
diversity of founding maternal mtDNA lineages of Native
Americans [5, 6]. Additionally, remains from the Yana
Rhinoceros Horn site in Northeastern Siberia (~32 kya) [5]
and Bluefish Caves in Yukon Territory of Canada (~28 kya)
[32] were thought to support this hypothesis. Nevertheless,
it is worth noting that there is a gap of more than 13,000
years between the dates of these two sites and the earliest
known remains related to Native Americans after 15 kya
[23-25]. As discussed in the Introduction section, the
“Beringian standstill hypothesis™ is comprised of two parts,
aka the “Long-term Beringian standstill model” and the
“Short-term Beringian standstill model” [5, 6, 30-32, 61].

Recently, a new ancient DNA research published by
Moreno-Mayar et al.[11] continues to support the “Long-
term Beringian standstill model”. The authors concluded
that the DNA results support a single ancestor group of
Native Americans and the Beringian ‘standstill model’.
However, the authors proposed another scenario which
suggests that all major genetic events of their autosomal
DNA “Native American clade” before 18 kya happened in
northeast Asia, rather than the Beringia region [11]. The
authors also mentioned that “scenario 1 best fits the
archeological and Paleoecological evidence, as the earliest
securely dated sites in Beringia are no older than around
15-14 kya, and the LGM cold period is unlikely to be
associated with northward-expanding populations” [11].
Nevertheless, the authors abandoned this scenario in their
discussion and prefer the “Long-term Beringian standstill
model” although they admit to reservations.

Y-chromosome sequences data in this study tends to
refute the hypothesis that the ancestral group of Native
American populations arrived in Beringia before 18 kya and
remained isolated there for 3-9 thousand years [62]. The
split time between the founding paternal lineages of Native
Americans (C2-P39, Q1-Z780, and Q1-M3) and their most
closely related lineages in Siberia is between 17.2 kya and
143 kya (Fig. 2). More importantly, all Y-chromosome
differentiation events likely took place in low latitude
regions of Siberia. Thus, our conclusions prefer the “Short-
term Beringian standstill model” and concur that the
ancestor group of Native American arrived at Beringia after
the LGM (aka. after 18 kya) and stayed there for a short
period before expanding in the Americas at about 15,000
years ago [23-25].

Alternatively, we propose several hypotheses which may
fulfill the gap between ancient genomes studies and our
Y-chromosome study.

(1) As estimated by Moreno-Mayar’s paper [11], the
gene flow from ancient north Eurasians into all Native
Americans happened 25-20 kya. The ancient north Eurasian
population was represented by Mal’ta Boy (~24 kya) near
Baikal Lake and Afontova Gora-2 near Yenisei River [7].
Therefore, the living area of the Native American founding
population during this period should be close to that of
ancient north Eurasians, aka the Southern region of Siberia.
It is unreasonable to deduce that this kind of gene flow
happened in the Beringia region.

(2) The period between 20 kya (median of 22-18.1 kya)
and 16kya (median of 17.5-14.5kya) estimated by
Moreno-Mayar’s paper [11] may corresponds to the long-
distance migration of the Native American founding
population from the Southern region of Siberia to the
Alaskan part of Beringia. Special branches of mtDNA
lineages, Y-chromosome lineages, and special components
in the autosomal gene pool may have emerged during this

SPRINGER NATURE



L-H. Wei et al.

period. The age of Dyuktai culture (17-13 kya) in Yakutia
Republic fits with the period of northward migration we
proposed [63]. On the other hand, the earliest securely dated
sites in Beringia are no older than around 15-14
kya [23-25].

(3) The internal expansion times of Y-chromosome Q1-
7780 and of Q1-M3 in this study are <15ka. These esti-
mates can be considered as the first phase of expansion of
the Native American founding population on the American
continent. Thus, our Y-chromosome results are consistent
with the description of this period in Moreno-Mayar’s paper
[11] and with existing archeological evidence [23-25].

(4) It is highly possible that the Native American
founding populations before 15 ka were heterogeneous [11]
and contained a series of small families-clans-groups which
had different origins and were somehow isolated from each
other. Even though there may have been continuous gene
flow between these small groups, they had not become a
completely homogeneous population group. As we can see
from evidence of Y-chromosome, there are at least four
founding paternal lineages for Native American (Q1-M3,
Q1-7780, Q1-B143, and C2-P39). These founding lineages
are of different origins and separated from each other for
17-50 ky. The current calculation mode of ancient genomes
studies may have combined several admixture events to a
single one and thus caused some bias [10, 11]. Due to
higher chance of admixture, the full genomes and mtDNA
data cannot provide such a clear differentiation scenario for
the Native American founding populations. Also, given the
available evidence of the Y-chromosome, there may be no
common and homogeneous ancestor group for all modern
Native American populations.

(5) The observed diversity in the maternal and paternal
gene pool of Paleo-Indians may have been accumulated
during their migration from South Siberia toward Beringia,
rather than during long-term isolation in Beringia. Previous
studies also suggest that the age of the most recent common
ancestor of mtDNA lineages in human population tends to
be older than that of the Y-chromosome lineages in the
same population [22, 35, 64]. Therefore, we conclude that
the age of founding mtDNA lineages of Native Americans
[5, 6] cannot be treated as solid evidence in support of the
long-term model of the Beringian standstill hypothesis.

However, we cannot exclude the possibility that there is
an ancestor group who has left autosome gene traces, but
not a Y-chromosome trace, in modern Native American
populations. This ancestor group, as proposed by Moreno-
Mayar’s paper [11] and other scholars [7—10], could have
reached Beringia during or before the Last Glacial Max-
imum (LGM) (dated to ca. 18,000-24,000 cal BP). How-
ever, proposals like this lack support in currently available
archeological evidence and the known trend of human
migration during the LGM [23-25, 29, 31, 32]. The earliest
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securely dated sites in Beringia are no older than around
15-14 kya [23-25]. More solid archeological evidence and
ancient DNA analyses are needed to qualify the “Long-term
Beringian standstill model” and verify our deduction in this
study.

The Solutrean hypothesis

The Solutrean hypothesis suggests that Upper Paleolithic
Solutrean culture in Europe is ancestral to Clovis culture,
the first culture of modern human in the American continent
[65]. The restricted distribution of Y-chromosome lineage
Q1-L804 in Northwest Europe might support the Solutrean
hypothesis from the Y-chromosome perspective. However,
recent studies of ancient DNA suggested that ancient
northern Eurasians, represented by 24,000-year-old MAL,
contributed substantially to the gene pool of both Paleolithic
human remains in America and modern American abor-
igines [7-9]. We demonstrated that Y-chromosome hap-
logroups Q-M242 and C2-M217 experienced a significant
expansion in Siberia during the post-LGM period and some
of the newly emerging sub-lineages migrated toward
Beringia and America. Y-chromosome lineage Q1-L804 in
Northwest Europe may be a relic of a prehistoric migration
from South Siberia or descendants of an unknown male
from Asia in recent history. More ancient DNA analyses
from remains of Solutrean culture are needed to falsify or
verify the direct connection between ancient Solutrean and
Paleo-Indian populations.

In conclusion, our genetic study provides insights into
the paternal founding lineages for Native Americans and
puts forward a new theory for the origin of Native
Americans. We determined the split time between founding
lineages of Native Americans and their most closely related
lineages in Eurasia, especially those from Siberia. We have
proposed that continuous population differentiation in
Siberia during the post-LGM period eventually gave rise to
Paleo-Indian population, which migrated toward Beringia
and eventually arrived at the American continent. Addi-
tional sequences of samples from Siberia and ancient DNA
studies will help clarify the detailed demographic history of
Siberian populations and the Native American founding
populations in the future.
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