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Abstract

Objectives Previous studies suggested that the Y-chromosome haplogroups O2-N6-B451-AM01756 and Ola-M119 are two
founder lineages of proto-Austronesians at about five thousand years ago. The objective of this study was to investigate the
formation of proto-Austronesians from the perspective of the paternal gene pool.

Materials and methods In this study, we developed a highly evised phylogenetic tree with age estimates for haplogroup
02-N6 and early branches of Ola-M119 (M110, F1036, and F819). In addition, we also explored the geographical distribu-
tion of eight sub-branches of O2-N6 and Ola-M119, and spatial autocorrelation analysis was conducted for each sub-branch.
Results The paternal lineage combination of proto-Austronesians is a small subset of a diverse gene pool of populations
from the mainland of East Asia. The distribution map and results of the spatial autocorrelation analysis suggested that the
eastern coastal region of northern China is likely the source of lineage O2-N6 while the coastal region of southeastern China
is likely the diffusion center of early branches of Ola-M119. We developed an evolutionary diagram for Austronesians and
their ancestors in the past 18,000 years.

Discussion We proposed that the millet farming community in North China is the common ancestor group of the Austro-
nesians and the Han people, while the diverse ancient people in the southeast coastal areas of East Asia form the common
ancestor group of the Austronesians and the East Asian mainland population. The demographic history of multiple ancestral
groups of the most recent common ancestor group itself in the more ancient period is helpful to understand the deep roots
of the genetic components and cultural traditions of Austronesians.

Keywords Austronesians - Phylogeography - Founder lineage - O2-N6 - Ola-M119

Introduction

The origin and differentiation history of Austronesian-
speaking populations is an important topic and has long
fascinated linguists, archaeologists, and geneticists. It is
generally believed that the recent common ancestors of
Austronesian speakers resided on both sides of the Taiwan
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ago (kya), but the more ancient common ancestors of the
Austronesians are ambiguous (Ko et al. 2014; Yang et al.
2020). Archaeological evidence indicates that Neolithic
cultural relics appearing in the southeastern coastal region
of China (from Fujian to Zhejiang) may be related to the
common ancestral groups of the Austronesian population.
There are also some specific cultural factors of Taiwanese
Aborigines, such as millet planting and jade, that are sug-
gestive of a relationship with millet agricultural culture
(Sagart et al. 2018). Therefore, linguists and ethnologists
believed that part of the ancestral groups of Austrone-
sians may have migrated from the eastern coastal region
of North China. However, there is not enough archaeologi-
cal evidence to support this theory of ancient population
migration.

Paleogenomic research revealed the complex differen-
tiation history of the Austronesian population. The Early
Neolithic individuals in the coastal region of Fujian, such
as Liangdao and Qihedong, may be one of the ancestral
groups of Austronesian speakers (Yang et al. 2020). For the
ancient people in Fujian and Taiwan after the Neolithic Age,
such as Hanben individuals (1.6 kya) show a closer genetic
relationship with modern Austronesian populations (Wang
et al. 2021). However, ancient DNA research has not found
obvious admixture signals related to ancient populations
in North China in the Early and Middle Neolithic Ages in
ancestral groups of Austronesians. This may be attributed
to the limited number of ancient samples or the low SNP
coverage of ancient DNA. Extensive maternal mitochondrial
DNA (mtDNA) research indicates that Austronesian speak-
ers share most of their maternal lineages with people in the
southeast of the East Asian mainland.

The research on the Y chromosome lineage provides
paternal insight to explore the origin and diversification
process of Austronesian populations. Previous studies have
found that haplogroup O2-N6 and varied sub-branches of
haplogroup Ola-M119 are founding paternal lineages of
Austronesian speakers (Sun et al. 2021; Wei et al. 2017). The
higher frequency of haplogroups Olblala-M95, C2-M38,
S-B254, and M-P256 in Austronesian populations in South-
east Asian Island and Oceania may be related to recent pop-
ulation admixture, and ancient DNA evidence favors this
view. Our previous studies explored deeply the sub-lineages
of Ola-M119 (especially Olala-M307.1) and proposed a
shared paternal ancestry of the Han, Tai-Kadai-speaking
(Sun et al. 2021). And this study provided many haplogroup
02-N6 sequences of Austronesian populations to Karmin
et al. (Karmin et al. 2022), and finally revealed the forma-
tion process of Austronesian populations in Southeast Asia
and Oceania. In general, the genetic structure and differen-
tiation process of the common ancestor of Austronesians
was determined based on different genetic makers. How-
ever, the origin and admixture process of common ancestral
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groups of Austronesian populations in ancient times remain
ambiguous.

In this study, we focused on the differentiation process of
the founding paternal lineages of Austronesian speakers in
the past 18 kya to 3 kya. First, we generated a highly-revised
phylogenetic tree for O2-N6 and varied early sub-branches
of Ola-M119 and attempted to find some paternal lineages
in the mainland populations that are closer to the founding
paternal lineage of Austronesians (O2-N6-B451-AM01756).
Second, we divided the sub-lineages of haplogroups O2-N6
and Ola-M119 into eight categories and explored the geo-
graphic distribution of each of the sub-branches. Finally,
we constructed the evolutionary diagram of Austronesian
ancestral groups in the past 18 kya to 3 kya.

Materials and methods
Samples and sequencing

Saliva samples were collected from unrelated healthy males
in East Asian populations over the past few decades. All of
the participants provided written informed consent prior to
participating. The study and sample collection process were
reviewed and approved by the Medical Ethics Committee of
Fudan University and Inner Mongolian Normal University
and complied with the ethical principles of the 2013 Hel-
sinki Declaration of the World Medical Association. Fol-
lowing the steps in our previous study, the frequency data of
02-N6 and early sub-branches of Ola-M119 among Chinese
participants were drawn from our in-house database, which
contains various types of information for each sample. The
frequency data was used to generate the distribution map
(Supplementary Table S1). The revised phylogenetic tree
was adopted from public resources and the genetic geneal-
ogy community (Supplementary Table S2). We explain the
data process and age estimation of public resources in the
Supplementary text.

Data analysis

We followed the steps in our previous study to draw the
distribution map. We used ArcGIS software to conduct the
spatial autocorrelation analysis. Moran’s I Index indicated
the degree of correlation between the distribution frequency
and spatial geographical distribution. The HotSpots plot
indicated the clustering region of hot spots and cold spots,
which generally correspond to the center of diffusion and its
mirror image region shown by the general distribution pat-
tern. The Lisa Cluster shows the cluster and outliers of the
general distribution pattern of high-low frequency.
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Results

A schematic representation of the revised phylogeny of
the studied lineages with age estimations is shown in
Fig. 1. The detailed tree is in Supplementary Table S1.
We detected a complex downstream structure and many
new SNPs and sub-branches. The distribution map and the
results of the spatial autocorrelation analysis (HotSpots
plot) are shown in Fig. 2. The results of the Lisa Cluster
map and Moran’s I Index are shown in Figure S1.

The flourishing pattern of the paternal haplogroup
02-N6 (since 15 kya) is shown in Fig. 1. There are 60
sub-lineages of O2-N6 with a differentiation age of over
5,000 years, and O2-N6-B451-AMO01756 which is a spe-
cific paternal lineage of Austronesian-speaking popula-
tions, is just one of them (Table S1). The results of the
geographic distribution map and HotSpots plot of the
spatial autocorrelation analysis supported the theory that
the circum-Bohai-sea region in the East of North China
is the diffusion center of four sub-branches of 02-N6,
including O2a2b2*-N6x (N7, F706) (Fig. 2A), O2a2b2al-
N7 (Fig. 2B), 02a2b2a2*-F706xB451 (Fig. 2C), and
02a2b2a2b-B451 (Fig. 2D). There is an absence of hap-
logroup AMO01756 in the mainland population, so the
geographic distribution of O2a2b2a2b-B451 shown in
Fig. 2D corresponds to the geographic distribution of
02a2b2a2b*-B451xAMO01756. Therefore, we can consider
that the geographic distribution on the mainland shown
in Fig. 2D corresponds to the branches that are closer
to the founding paternal lineage AMO01756. The eastern
coastal region of North China is the diffusion center of
02a2b2a2b-B451, but the result of the Lisa Cluster analy-
sis showed that there is an abnormal high-frequency dis-
tribution in Fujian. The phylogenetic tree of AM01756
showed this haplogroup experienced a 2,400-year-bottle-
neck period before its expansion in 4.8 kya. These results
strongly support that the distribution of AM01756 in
Fujian and Taiwan is related to a long-distance migration
from the eastern coastal regions of North China to the
coastal region of southeastern China.

In this work, we focused on three early branches of
Ola-M119, including Ola-F819, Ola-M110, and Ola-
F1036. Paleogenomic research showed that the paternal
haplogroup of the ~ 8 kya Liangdao individual (LD1) is
O1la-F819, and for the ~4.3 kya Tanshishan individual (ID:
L7415), itis Ola-M110. The haplogroup Ola-M110 is one
of the dominant paternal lineages in modern Austrone-
sian- and Tai-Kadai-speaking populations, Ola-F819 has
a lower frequency, and Ola-F1036 has not been found in
modern Austronesian and Tai-Kadai-speaking populations.
The results of the geographic distribution map and spatial
autocorrelation analysis indicated the diffusion centers of

these three paternal lineages are southeastern China, the
South China coastal region, and the eastern coastal region
of North China. The different distribution patterns of these
three paternal lineages in modern and ancient populations
proposed different roles in the formation process of Aus-
tronesian populations.

Discussion

Cultural affiliation between Austronesians and Han
populations

The demographic history of the varied ancestor groups of
the most recent common ancestors in the more ancient his-
torical period is helpful in understanding the remote affili-
ations of the various attributes between different groups of
modern populations. The diffusion center of modern Aus-
tronesians is remote to the middle and lower Yellow River
Basin, which is the early cradle of the Han people (Ning
et al. 2020; Wang et al. 2021), but the remote affiliations
of the two ethnic groups can be found in cultural traditions,
such as millet agriculture, jade, and linguistic factors (Sagart
et al. 2018). It is generally believed that the recent common
ancestors of Austronesians resided in the southeast coastal
region of the mainland, including Taiwan, around 5.0-4.0
kya. However, we proposed a long-distance migration of
02-N6-B451-AMO01756, the founding paternal lineage of
Austronesians, from the eastern coastal region of North
China to the southeast coastal region of China. Therefore,
Austronesians and Han people have a partial common ances-
try related to the millet farming communities in North China
during the early and middle Neolithic Age. The paternal
lineage O2-N6-B451-AMO01756 is the founding paternal
lineage of the Austronesians, but other sub-branches of
02-N6 can be found in modern Han people. We suggest
that the origin and demographic history of the founding
lineage (O2-N6-B451-AMO01756 here) in the more ancient
historical period contributed profoundly to the remote cul-
tural affiliation between the two different population groups
(Austronesians and Han populations here).

The differentiation of 01a-M110

Previous studies proposed paternal lineage Ola-M110 was
shared by the Han people, Austronesian-speaking popula-
tion, and Tai-Kadai-speaking population (Sun et al. 2021).
In this study, our higher-resolution phylogenetic tree of Ola-
M110 is shown in Fig. 1 and Figure S1. There are five spe-
cific sub-lineages in Austronesians (B392, 238625, Y33185,
MY252, and Y180671), and four of them are early branches.
The ages of Y175056 and M3444, which are shared by Han
people and Tai-Kadai speakers, are younger than that of the
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Fig. 1 Schematic diagram of the revised phylogeny of haplogroups labels indicate other important markers of the phylogenetic tree. The
02-N6 and Ola-M119. The red SNP labels indicate the definition blue color bar represents the unique branch of the Austronesians.
marker of categories of sub-branches in this study. The green SNP Detailed information can be found in Table S1
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Fig.2 Distribution and
HotSpots analysis of eight
sub-branches of O2-N6 and
Ola-M119. The hot spot area of
the HotSpots plot indicates the
most likely region for the start
of diffusion
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Fig.2 (continued)

five specific sub-branches of Austronesians. Overall, M110
in Tai-Kadai speakers can be considered a branch of sub-
lineages of Austronesians from the whole differentiation pat-
tern. The ~4.3 kya Tanshishan individual (ID: L7415) is the
most ancient people belonging to Ola-M110. The extension
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period of the Tanshishan culture (5.5-4.0 kya) is consist-
ent with the key differentiation period of Ola-M110, during
which the special sub-branches emerged for Austronesians
and Tai-Kadai-speaking populations. However, the high fre-
quency of Ola-M110 in a group of people in Shanghai may
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be the result of the northward expansion of this haplogroup
in a relatively late historical period.

Since haplogroup O2-N6 is rare in Tai-Kadai-speaking
populations, haplogroup Ola-M110 represents an important
founder lineage that is shared by Austronesians and Tai-
Kadai-speaking populations. Using the available evidence
of ancient DNA and modern distribution, we propose that
the expansion of Ola-M110, as well as other sub-branches
of O1a-M307.1 in the mainland of East Asia, may have
contributed significantly to the cultural affiliation of the
ancient Baiyue people in southern China. More sequences
are needed to provide a better resolution of the phylogeny
that can represent the expansion and migration that directly
led to the formation of ancient populations in the historical
records of South China.

Diversification history of Proto-Austronesians
in the past 15,000 years

Population admixture is a common characteristic of modern
and ancient populations that is revealed by obtaining ancient
DNA and genomic data of modern populations. Previous
studies considered the Han people, Tai-Kadai-speaking
population, and Austronesians as three ethnic groups with
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independent diversification histories. Researchers explored
the cultural relationship among these three ethnic groups,
but there are many controversial topics related to these
studies. Population genetic ancestry is divided into multiple
components, the differentiation history of every component
has been explored in modern genetic research, and differ-
ent genetic components may show disparate diversification
processes and population relationships of ethnic groups. For
example, the Han people, Tai-Kadai-speaking population,
and Austronesians show a closer population relationship,
which is brother branches in the phylogenetic tree of hap-
logroup Ola-F140. Tai-Kadai speakers are a sub-branch
of Austronesian speakers, which is supported by paternal
lineage Ola-M110. F4084 is shared by the Han people and
Tai-Kadai speakers, O2-N6 is shared by the Han people and
Austronesians. There are also specific genetic ancestries in
these three ethnic groups. Therefore, if we accept population
admixture as common, then it is too simple to explore only
the genetic affinity between two ethnic groups in a study.
In this work, we mapped the evolutionary diagram
of ancestral groups of Austronesian speakers in the past
150,000 years by combining ancient DNA and pater-
nal lineage information (Fig. 3). We propose that there
are two different ancestral groups of Austronesian and
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Fig.3 The proposed evolution pattern of common ancestor groups of Austronesians and their relationship with that of the Han people and the

Tai-Kadai-speaking populations
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Tai-Kadai-speaking populations. The first ancestral group
is ancient populations on both coasts of the Taiwan Strait
during the Early Holocene to the early and middle Neolithic
Age. These people are represented by the Liangdao individ-
ual, Qihedong individual, and Tanshishan individual, and the
main paternal lineages may be Ola-M110 and Ola-M819.
The second ancestral group is the Neolithic populations on
the Yangtze River Delta, and their paternal lineages belong
to sub-branches of O1a-M307 including F4084, SK1568,
K611, and YP4610. In the past 7 kya to 5 kya, the people
who migrated from the coastal region of North China took
the O2-N6 lineage to the Yangtze River Basin, and then the
mixed populations further migrated southward to the coastal
region of Fujian and mixed with the first ancestral group to
form the recent common ancestor of Austronesian speakers.
The complex admixture mode of the Han people, Tai-Kadai
speakers, and Austronesian speakers is shown in Fig. 3. In
general, we believe the differentiation and admixture process
in Fig. 3 is helpful in understanding the complex diversifi-
cation process and population relationship in Austronesian
populations.

In conclusion, we explored the founding paternal line-
ages of Austronesian-speaking populations. The results of
our high-resolution geographic distribution analysis strongly
support that O2-N6-B451-AMO01756 in Austronesian speak-
ers is related to a long-distance southward migration from
the eastern coastal region of North China. The phylogenetic
framework of Ola-M110 is helpful to understanding the
recent common ancestors between Tai-Kadai-speaking and
Austronesian-speaking populations. Finally, we provided a
simple mode related to the evolutionary pattern of Proto-
Austronesian groups since the end of the Last Glacial Maxi-
mum. We proposed there are two different ancestral groups
in Tai-Kadai- and Austronesian-speaking populations. In the
future, more paleogenomic research and a higher-resolution
phylogenetic tree may provide a clearer profile of population
origin and evolutionary history.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00438-023-02054-w.
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