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Abstract

Objectives: The origin and differentiation of Austronesian populations and

their languages have long fascinated linguists, archeologists, and geneticists.

However, the founding process of Austronesians and when they separated

from their close relatives, such as the Daic and Austro-Asiatic populations in

the mainland of Asia, remain unclear. In this study, we explored the paternal

origin of Malays in Southeast Asia and the early differentiation of

Austronesians.

Materials and Methods: We generated whole Y-chromosome sequences of

50 Malays and co-analyzed 200 sequences from other Austronesians and

related populations. We generated a revised phylogenetic tree with time

estimation.

Results: We identified six founding paternal lineages among the studied

Malays samples. These founding lineages showed a surprisingly coincident
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expansion age at 5000 to 6000 years ago. We also found numerous mostly close

related samples of the founding lineages of Malays among populations from

Mainland of Asia.

Conclusion: Our analyses provided a refined phylogenetic resolution for the

dominant paternal lineages of Austronesians found by previous studies. We

suggested that the co-expansion of numerous founding paternal lineages corre-

sponds to the initial differentiation of the most recent common ancestor of

modern Austronesians. The splitting time and divergence pattern in perspec-

tive of paternal Y-chromosome evidence are highly consistent with the previ-

ous theories of ethnologists, linguists, and archeologists.

1 | INTRODUCTION

The origin and diffusion process of Austronesians has
long fascinated ethnologists, linguists, archeologists, and
geneticists. The Malays are one of the Austronesian
groups predominantly present in Southeast Asia. It is
generally believed that direct ancestral groups of Austro-
nesians appeared in the western coastal region of Taiwan
about 6000 to 5000 years ago (Bellwood, 2017). Scholars
have suggested that the Dabenkeng culture (about
3000-2500 BC), the earliest archeological culture in Tai-
wan, and a series of subsequent archeological cultures
were created by the ancestor groups of modern Austrone-
sians (Bellwood, 2000; Blust, 1976). Between 5000 and
4000 years before the present, the ancestors of
Austronesian-speaking populations spread from Taiwan
to Southeast Asia and the western Pacific (Gray, Drum-
mond, & Greenhill, 2009; Lipson et al., 2014; Ross, 2005).
Eventually, they scattered in a vast region ranging from
the Madagascar Island of Africa in the west to the Easter
Island (Rapa Nui) of the Pacific Ocean in the east
(Bellwood, 1986). Some scholars speculate that the
ancient Austronesian groups might have originated from
the Neolithic populations in the southeast coastal areas
of China. The remains of the Dabenkeng culture show
some affiliation to the cultural elements of the Hemudu
culture in Zhejiang, China and some archeological sites
along the coast of Fujian province (Chang &
Goodenough, 1996; Li, 2013). However, current archeolo-
gical evidence is not yet clear enough to describe in detail
the origin of the Austronesian ancestor groups in the
southeastern coastal areas of mainland China
(Jiao, 2007).

Previous studies have revealed the high diversity in
the paternal gene pool of Austronesians (Delfin
et al., 2012; Heyer, Georges, Pachner, & Endicott, 2013;
Karafet et al., 2010; Kayser et al., 2003; Kayser

et al., 2006; Kayser et al., 2008; Li et al., 2008; Loo
et al., 2011; Mirabal et al., 2012; Scheinfeldt et al., 2006;
Scholes et al., 2011; Su et al., 2000; Trejaut et al., 2014;
Trejaut et al., 2019; Wei et al., 2017). Haplogroups O1a-
M119 and O2a2b2-N6 are the predominant paternal
lineages of Taiwanese aborigines (Trejaut et al., 2014).
Particularly, O1a-M119 contributes to a very high propor-
tion (>90%) among some populations of Taiwanese
aborigines. For the Austronesian-speaking populations in
Southeast Asia, there are many diverse lineages that can
be traced to local communities since the Paleolithic Age
(Karafet et al., 2010). However, the sub-lineages of O-
M175 contribute to the majority of the paternal gene pool
of these populations and these lineages were likely intro-
duced by migrations from East Asia since the Neolithic
Age (Lipson et al., 2018). For the Austronesians from the
Pacific Ocean region, there are two predominant paternal
lineages. One of these is the haplogroup O2a2b2-N6
which may have originated in the eastern coastal region
of East Asia (Wei et al., 2017). This haplogroup was deter-
mined as O3*-M122+, M324+, P201+, P164+, 002611−,
M7−, and M134− in most previous studies (Delfin
et al., 2012; Karafet et al., 2010; Kayser et al., 2003; Kay-
ser et al., 2006; Kayser et al., 2008; Loo et al., 2011;
Mirabal et al., 2012; Scheinfeldt et al., 2006; Scholes
et al., 2011; Trejaut et al., 2014). The other haplogroups,
like C2-M38 and K-M9, may be a result of admixture
between ancient populations diffused from Taiwan and
local populations across the island region of Southeast
Asia and the Pacific Ocean. Besides, the analyses of
Soares et al. (2016) had identified some candidate
founding paternal lineages for Austronesians and dis-
cussed their demographic history, like haplogroup
O1a2-M50 (M110), a sub-lineage of O1a-M119 (Soares
et al., 2016). Ancient DNA study revealed paternal line-
ages O1a-M119, O2a2b2-N6, K-M9, and M-P256 among
ancient South Pacific individuals that may be ancestor of
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modern Austronesians in the same region (Posth
et al., 2018). These results strongly support the observa-
tion from modern DNA. In general, scholars have rev-
ealed that there are many sharing components in gene
pool of Austronesians from different geographic regions.
However, significant difference can also be detected in
gene pool of these populations.

In the past decades, numerous works had been to
reveal the maternal genetic heritage of Austronesians
and the demographic process of their early origin and dif-
ferentiation (Brand~ao et al., 2016; Delfin et al., 2012; Loo
et al., 2014; Posth et al., 2018; Pugach et al., 2018; Soares
et al., 2008; Soares et al., 2016; Tabbada et al., 2010;
Trejaut et al., 2005). Importantly, the analyses of Brand~ao
et al. and Soares et al. had identified numerous founding
maternal lineages for Austronesians and the diffusion
pattern of these founding lineages insisted to reveal a
clear demographic history of Austronesians in perspec-
tive of maternal genetic components (Brand~ao
et al., 2016; Soares et al., 2016). In summary, most previ-
ous studies of Y-chromosome were based on the
genotyping results of a small number of Y-single nucleo-
tide polymorphism (Y-SNP) markers, rather than
sequencing data. Additional studies with sequence data
are required to explore the detailed origin of proto-
Austronesian communities in the coastal region of East
Asia, as well as the early differentiation process of pater-
nal lineages of Austronesians.

In this study, we generated whole Y-chromosome
sequences of 50 Malays and co-analyzed 200 sequences
from other Austronesians and related populations. Our
objectives were to (a) reconstruct a phylogeny with age
estimation for paternal lineages of Malay and (b) identify
the founding paternal lineages of Malay population and
their expansion time. In particular, we explored the for-
mation of proto-Austronesians and the initial expansion
process of Austronesians. Overall, we generated a refined
phylogenetic tree with accurate dating for founding
paternal lineages of Malay to explore the early history of
Austronesians.

2 | MATERIALS AND METHODS

Blood samples from populations across East Asia were
collected from unrelated healthy males after obtaining
informed consent (Table S1). The ethics committee for
biological research at the School of Life Sciences in
Fudan University approved the study. Full genome
sequencing and sequencing of target Y-chromosomes of
15 new samples were performed using the Illumina
HiSeq 2000 (San Diego, California). We used the proce-
dures that we previously described for the other steps

prior to next-generation sequencing for DNA shearing,
adding an adaptor, gel electrophoresis, library prepara-
tion, bait design, and liquid-phase capture technology
(Yan et al., 2014). The raw sequence data reported in this
article has been deposited in the Genome Sequence
Archive (Y. Wang et al., 2017) in the Beijing Institute of
Genomics (BIG) Data Center, (Members, 2017), Chinese
Academy of Sciences, under accession number
PRJCA001717 that is publicly accessible at http://bigd.
big.ac.cn/gsa. The raw data of 50 Malay males are avail-
able per the request to the corresponding authors.

The Y-chromosome sequences of 50 Malays were
extracted from whole genomes sequence of SGVP pro-
ject we reported in previous publications (Wong
et al., 2013). To obtain a comprehensive overview of this
paternal lineage, available Y-chromosome data from
publications were also included. In total, 200 sequences
were analyzed, including 15 sequences came from our
lab, 61 from SGVP (38) (Wong et al., 2013), 73 from
1000 Genomes Project (Poznik et al., 2016), 44 from
SGDP (Mallick et al., 2016), and 7 from PICB
(Lu et al., 2016). For the samples from SGDP project, all
samples from East Asia and Southeast Asia were
included. For the samples from 1000 Genomes Project
and PICB, we only selected the samples that are related
to major lineages of Austronesians (O1a-M119,
O1b1a1a-M95, O2a2a1a2-M7, and O2a2b2-N6), so as to
generate a revised phylogenetic tree with better resolu-
tion. All analyses in this study were conducted by using
reference hg19. We referred to www.isogg.org (www.
isogg.org 15.34 Date: February 3, 2020) for the assign-
ment of the SNP and haplogroup name (Y Chromosome
Consortium, 2002). The genotype of variants of studied
sequences can be found in Table S2. The analyzed
region of Y-chromosome in this study was listed in
Table S4 and the depth and coverage length of newly
generated sequences are listed in Table S5.

Mapping of reads and SNP (single-nucleotide polymor-
phism) calling were conducted with the human reference
genome hg19 using GATK packages and standard proce-
dures for next-generation sequencing (Li et al., 2009; Li &
Durbin, 2010). To obtain a confident Y-SNP dataset for
reconstruction of phylogenetic tree and age estimation, we
applied a series of strict filters on the original variants file,
including: (a) restriction to confident 8.4 Mb region
(Adamov, Guryanov, Karzhavin, Tagankin, & Urasin, 2015)
which is a subset of the studied region of Poznik et al. (2016)
and Karmin et al. (2015); (b) restriction to variants that are
Y-SNP; (c) removal of all positions with call rate <80% on
all samples with sequences; (d) removal of position with
heterozygosis call rate >5% on all samples; (e) base coverage
≥3, base quality >20, and distance between SNPs >10 bp;
and (f) removal of recurrent or triadic mutations.
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Bayesian evolutionary analyses and age estimation
were implemented in BEAST (v2.0.0) (Bouckaert
et al., 2014). We selected a Bayesian skyline coalescent
tree prior and a strict clock. Traditional substitution
models, like GTR (Rodríguez, Oliver, Marín, &
Medina, 1990) and HKY + G (Hasegawa, Kishino, &
Yano, 1985), were widely used in previous studies of
mtDNA sequences (Macaulay et al., 2005). However, we
applied bModelTest package which allows the BEAST
program to infer the most optimistic substitution model
for input sequences (Bouckaert & Drummond, 2017).

In most of previous studies about Y-chromosome
sequences, a universal mutation rate was applied for evolu-
tionary history of all haplogroups in the pass 100 000 years
(Poznik et al., 2016). In particular, there are several popu-
larly used Y chromosomal substitution rates, such as the
evolutionary rates measured from human-chimpanzee
comparisons (Kuroki et al., 2006; Thomson, Pritchard,
Shen, Oefner, & Feldman, 2000), the genealogical rate
observed in a deep-rooting pedigree (Xue et al., 2009), the
rate adjusted from autosomal mutation rates (Mendez
et al., 2013), the rates based on archeological evidence of
founding migrations (Francalacci et al., 2013; Poznik
et al., 2016), and a mass collection of deep-rooting pedi-
grees from Iceland populations (Helgason et al., 2015).
Recently, The ancient sequences of 45 000-year-old
Ust'Ishim male from western Siberia (Fu et al., 2014), the
24-ky-old Siberian individual with haplogroup R
(Raghavan et al., 2014), and the 12.6-ky-old Anzick infant
of Q-L54 (Rasmussen et al., 2014) were used as rec-
alibration point of the mutation rate of the whole human
Y-chromosome phylogenetic tree (Bergstrom et al., 2016;
Ilumäe et al., 2016; Karmin et al., 2015; Poznik
et al., 2016). Although using the Y chromosomal molecular
clock in time estimation is widely accepted, there are still
many ongoing debates about the most suitable substitution
rate in demographic and lineage dating (Elhaik,
Tatarinova, Klyosov, & Graur, 2014; Wang, Jin, & Li, 2014;
Wilson Sayres, Lohmueller, & Nielsen, 2014). Furthermore,
we found that the mutation rates of some haplogroups are
faster than that of other haplogroups. The different muta-
tion among different paternal lineages, mtDNA lineages,
and whole genomes may be universal for human
populations from different geographic region of the world
(Harris, 2015). Therefore, a recalibration point at the root
of tree may help to provide more accurate results of split-
ting time for different haplogroups in different history
period. Thus, an age of 41 900 years for haplogroup NO
(95% CI = 40 175-43 359 years) was used for calibration of
age estimation in this study (Karmin et al., 2015). The cal-
culation was performed with 20 million iterations and sam-
pling every 10 000 steps. Results were visualized in Tracer

v.1.6 (Rambaut, Drummond, Xie, Baele, & Suchard, 2018)
and FigTree v1.4.2 (Rambaut, 2018), with a burn-in of 30%
and over 200 effective sample sizes.

3 | RESULTS

3.1 | Paternal gene pool of Malays and
Southeast Asia populations

In this study, we analyzed Y-chromosome sequences of
200 males from Malays and related populations
(Figure 1 and Table S1). In total, the Malays samples
contributed to 50 individuals among the 56 Austrone-
sians samples. We constructed a refined phylogenetic
tree for all studied samples (Figure S1) and used
127 samples with good sequencing depth from SGVP,
SGDP, PICB, and our lab to calculate the diverging time
of downstream sub-lineages (Tables S1 and S2,
Figure S2). The revised phylogenetic tree and age esti-
mation may help to explore the paternal origin and
founding process of Malays and Austronesians
populations.

We found that a number of rare lineages diverged
from each other before 45 kya, including C1b1a2*-B65,
C1b1a2 b-F725, C1b2a-M38, F2-M427, S-B254, and P*-
M45 (Figures 2 and S2, and Table S1). Samples from
these lineages contribute to 18% (9/50) of the paternal
gene pool of modern Malays (Tables S1 and S2). We cate-
gorized the rare lineages observed in modern Southeast
Asia populations as “Paleolithic lineages.” Our observa-
tion is consistent with the conclusion of previous studies,
which demonstrated that the haplogroups C-M130, F-
M89, and K-M9 diverged rapidly in a short interval
between 47 and 52 kya (Bergstrom et al., 2016; Karmin
et al., 2015; Malaspinas et al., 2016; Poznik et al., 2016).
The newly emerging lineages during this period eventu-
ally became the dominant paternal lineages of modern
human in Eurasia, Oceania, and America (Bergstrom
et al., 2016; Karmin et al., 2015; Malaspinas et al., 2016;
Poznik et al., 2016). Four samples (8%, 4/50) belong to
haplogroup J1a2b-P58, J2a4b2-M166, J2b-M102, and
R2-M124, respectively (Table S1). Previous studies
showed that these lineages originated in either Middle
East or South Asia (Poznik et al., 2016; Sengupta
et al., 2006). These lineages may have been introduced
into Southeast Asia in a historical age (Karafet
et al., 2005).

The major part of the paternal gene pool of Malays
consisted of various sub-lineages of haplogroup O-M175
(84%, 42/50, see Table S1). Samples from sub-lineages O-
M175 contributed to 100% of the paternal gene pool of
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Austro-Asiatic populations in this study. The refined phy-
logenetic tree in this study helps to break down the sam-
ples of O-M175 into 32 sub-lineages (Table S1). As shown
in Figure 2, Figure S1, and Figure S2, we identified a
number of special paternal lineages for Malays, Austro-
Asiatic populations, and other populations from the
mainland of East Asia. The top six frequent lineages of
Malays were O2a2b2-N6-B451, O2a2a1a2-M7-F14807,
O1a2-M110-AM01446, O1a-M119-YP4610, O1b1a1a-
M95-M1283-B418, and O1b1a1a-M95-M1283-Y9322.
For Austro-Asiatic populations, O2a2a1a2-M7-V3237,
O2a1-M88, and O2a-M95-M1283-Y9322 were the top four
frequent lineages. Previous studies indicated that sub-
lineages of O-M175 may have been introduced into
Southeast Asia by migrations in Neolithic Age from
Southern East Asia (Li et al., 2008; Lipson et al., 2018).
Therefore, we categorized all sub-lineages of O-M175 as
“Neolithic lineages” for Southeast Asian populations.

3.2 | Founding paternal lineages for
Malays and Austronesians

According to the age estimations of this study (Figure 2,
Figure S2 and Table S3), a surprising consistency was
observed for the time to the most recent common ancestor
(TMRCA) of the top six frequent lineages of Malays, includ-
ing O2a2b2-N6-B451, O2a2a1a2-M7-F14807, O1a-M119-
YP4610, O1a2-M110-AM01446, O1b1a1a-M95-M1283-B418,
and O1b1a1a-M95-M1283-Y9322. As shown in Figure 2 and
Table S3, except for the lineage O1a-M119-YP4610, the
TMRCA of the other five lineages falls in a short interval
between 5.5 and 5.8 kya. Additionally, lineage O1a-
M119-YP4610 (6956, 95% CI = 6162-7797) contains two
sub-lineages O1a-M119-B386 (4179, 95% CI = 3400-5066)
and O1a-M119-SK1555 (3340, 95% CI = 2560-4159). There-
fore, lineage O1a-M119-B386 and O1a-SK1555 may have
emerged in any age between 3.3 and 6.9 kya. Given the fact

FIGURE 1 Phylogenetic tree of Y-chromosome sequences and location of samples used in this study. Note: The size of circle on the

map corresponds to the number of samples in each place. Pie charts were used to indicate the brief distribution of Y haplogroups in the

analyzed samples on the map
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that all of these lineages are unique for Austronesians,
the age estimations in this study strongly support the
co-expansion of these lineages in between 5 and 6 kya, con-
sidering the confidence intervals of age estimates (Table S3).
Our analyses are consistent with the finding of a peak of
migration to Island Southeast Asia at 4 to 5 kya by Soares
et al., 2016 (Soares et al., 2016), after the initial differentia-
tion of Austronesians.

The founding paternal lineages of Malays we identi-
fied in this study are consistent with the major paternal
haplogroups of Austronesians in previous publications
based on Y-SNP genotyping. According to previous
studies cited in the second paragraph of the Section 1,
O1a-M119, O1b1a1a-M95, and O2-M122 contributed to
the majority in paternal gene pool of Austronesians
from Taiwan and Southeast Asia. For Austronesians
from Micronesia and Polynesia, O2-M122 and C2-M38
are the predominant lineages. The analyses in this
study provided better resolution for these dominant

paternal lineages in Austronesians. We suggested that
the emerging of six founding paternal lineages is the
results of the same wave of population expansion that
corresponds to the initial divergence of Austronesians.
Therefore, we proposed that the founding paternal lin-
eages in Malays are also the major paternal lineages of
the most common recent ancestor group of
Austronesians.

Beside the lineages mentioned above, there are
also other unique paternal lineages for Austronesians,
including O2a2a1a2-M7-B433 (two samples) and O1a-
M119-F819 (two samples). However, due to the lim-
ited number of samples, we only analyzed the demo-
graphic history of these two lineages. The high
frequency of O1a*-M119 (xP203, M110) in some Aus-
tronesians may actually be O1a-M119-F819 (Trejaut
et al., 2014). However, further genotyping will be
required to investigate the actual distribution of O1a-
M119-F819 in Austronesians.

FIGURE 2 Schematic

phylogenetic tree for founding

paternal lineages of Malays. The

green text and the red number

under the text indicate the Y-

single nucleotide polymorphism

(Y-SNP) markers and the

expansion time of founding

paternal lineages
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3.3 | Sharing of young lineages between
Malays and other populations

As shown in Figure S1, there are also many lineages that
are shared between Austronesians (mainly Malays),
Austro-Asiatic populations, and other populations from
the mainland of East Asia (see also Figure S2 and
Table S2). For lineage O1a2-M110-AM01446 in Austrone-
sians, the closest sample on the phylogenetic tree is sam-
ple HN1-95 from the Dong ethnic group in the Hunan
province in South China. Sample S_Igorot-2 from the
Philippines is close to lineage O1a-M119-F492 which
flourished in the southeast region of China. Figure S1
also shows that samples of O1b1a1a-M95-M1283 in Aus-
tronesians are very close to that of Austro-Asiatic
populations. Additionally, many samples of Austro-
Asiatic populations have recent common ancestors with
that of other populations from the mainland of East Asia
(Figures S1 and S2, and Table S2). The sharing of young
lineages will help to explore the recent differentiation
process of modern populations.

4 | DISCUSSION

4.1 | Paternal origin of Malays and
Austronesians

In this study, we identified several unique paternal line-
ages for Malays and discovered a surprising consistency
between the expansion time of major parts of these unique
lineages at about 5 to 6 kya. The age estimation and the
distribution of these lineages in modern populations hel-
ped us investigate the paternal origin of Malays and Aus-
tronesians. Our analyses are consistent with the finding of
a peak of migration to Island Southeast Asia at 4 to 5 kya
by Soares et al., 2016 (Soares et al., 2016), after the initial
differentiation of Austronesians.

For O2a2a1a2-M7-F14807, O1b1a1a-M95-M1383-B418,
and O1b1a1a-M95-M1283-Y9322 in Malays and Austrone-
sians, close relatives can be found in populations in the
mainland of Southeast Asia and mainland of East Asia
(Figures S1 and S2, and Table S1). Previous studies have
indicated that O2a2a1a2-M7 and O1b1a1a-M95 are two
predominant lineages in Austro-Asiatic populations (Cai
et al., 2011; Li et al., 2008; Lipson et al., 2018). In addition,
these two lineages are rare or absent in other Austrone-
sians from Taiwan and Oceania (Delfin et al., 2012; Trejaut
et al., 2014). The genetic scenario of O2a2a1a2-M7 and
O1b1a1a-M95 is consistent with previous archeological, lin-
guistic, and genetic studies. The sharing of a recent com-
mon ancestor of O2a2a1a2-M7 and O1b1a1a-M95 between
Austronesian and Austro-Asiatic populations is also

consistent with previous studies on the close relationship
between west Austronesians and populations from main-
land Southeast Asia (Anderson, 2005; Blench, 2010;
Higham, 2004; Lipson et al., 2014; Lipson et al., 2018; The
HUGO Pan-Asian SNP Consortium et al., 2009; Vallée,
Luciani, & Cox, 2016). Therefore, we proposed that line-
ages O2a2a1a2-M7 and O1b1a1a-M95 were introduced into
west Austronesians through mainland Southeast Asia by
ancient populations who are close to ancestors of Austro-
Asiatic populations (Lipson et al., 2018). During the later
expansion process of ancient populations from Taiwan,
populations with high frequencies of O2a2a1a2-M7 and
O1b1a1a-M95 in the west Indonesia Islands may have been
assimilated and eventually became an important part of
modern Malays and Austronesians.

Based on a comparison with other Y-chromosome
studies, we proposed that lineages O2a2b2-N6-B451,
O1a2-M110-AM01446, and O1a-M119-YP4610 may be
the dominant paternal lineages of a direct ancestor of
Austronesians in the Neolithic Age of Taiwan. Our
results were supported by the findings of O2a2b2-N6 and
O1a-M119 lineages among ancient South Pacific individ-
uals that may be ancestor of modern Austronesians in
the same region (Posth et al., 2018). The age estimation
of TMRCA of O2a2b2-N6-B451, O1a2-M110-AM01446,
and O1a-M119-YP4610 generally fall in the same histori-
cal period (Figure 2 and Table S3). Previous studies have
suggested that the appearance of O2a2b2-N6 in Austrone-
sians may have originated from the introduction of fox-
tail millet into Neolithic Age Cultures in Taiwan. (Delfin
et al., 2012; Mirabal et al., 2012; Trejaut et al., 2014; Wei
et al., 2017). Furthermore, lineages O1a*-M119 and
O1a2-M110 are predominant paternal lineages in Taiwan
Aborigines and other Austronesians from the Philippines,
Indonesia, and Near Oceania (Delfin et al., 2012; Karafet
et al., 2010; Trejaut et al., 2014). However, the frequen-
cies of O2a2b*-P164 (nearly equal to O2a2b2-N6-B451),
O1a2-M110, and O1a*-M119 varied largely among all
Austronesians. This pattern can be explained by the pos-
sible matriarchal society structure of ancient Austrone-
sians and the continuous bottleneck effects during the
expansion of Austronesians in a vast geographic region.

4.2 | Possible origin of proto-
Austronesians

As discussed in the above section, there may be four
dominant lineages in the ancestor group of Austrone-
sians, including O2a2b2-N6-B451, O1a2-M110-AM01446,
O1a-M119-YP4610, and O1a-M119-F819. As proposed in
our previous study, lineage O2a2c2-N6-B451 was likely
brought by an ancient population from the east coastal
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region of North China, where the foxtail millet was the
dominant plant-based food since the beginning of the
Neolithic Age (Wei et al., 2017). Moreover, the delta
region of the Yangtze River is a vital region on the migra-
tion route from the eastern coastal region of North China
to Taiwan. Furthermore, archeology studies discovered a
great affiliation between the Majiabang Culture and
Dabenkeng Culture in Taiwan (Chang & Goodenough,
1996). Therefore, we suggested that the ancient
populations diffused from north of the Yangtze River
with the dominant paternal lineage O2a2b2-N6-B451
may have intensively admixed with local populations in
the delta region of the Yangtze River who consisted of
varied sub-branches of O1a-M119. The mixed population
continued to migrate to the South and reached the
coastal areas of Fujian Province between 6 and 5 kya.
The proposed origins and migration routes of Austrone-
sians and their ancestors here were showed on Figure 3.

On the other hand, it is worth noting the consistency
of similar TMRCA between sub-lineages of O1b1a1a-M95
and other founding lineages of Austronesians. Ancient
DNA studies suggested that haplogroup O1b1a1a-M95 is
one of the most predominant paternal lineages in the
Neolithic age of South China and Southeast Asia
(Li et al., 2007; Lipson et al., 2018). According to archeol-
ogical studies, developed rice farming with well-

organized farmland appeared firstly in the middle
reaches of the Yangtze River at about 6.5 kya (Pei,
Church, & Chung, 1998)and spread widely across South-
ern China between 6.5 and 5 kya (Gao, Dong, Yang, &
Chen, 2020; Nasu, Gu, Momohara, & Yasuda, 2012),
including the Fujian Province (Yang et al., 2018). This
process may correspond to the diffusion of paternal line-
age O1b1a1a-M95 across South China and further to
Southeast Asia in later age, thus bringing paternal line-
age O1b1a1a-M95 to Fujian province.

Two waves of immigrants, with developed rice farm-
ing and millet farming, respectively, may have coinci-
dently reached Fujian province the same period
between 6 and 5 kya. On the other hand, a recent
ancient DNA study suggested the early Neolithic com-
munities, representing by the 7.4 thousand-year-old
Qihe2 individual and two Liangdao individuals (8.2 and
7.5 thousand years old, respectively), had also contrib-
uted to the genetic pool of modern Austronesians
(Ko et al., 2014; Yang et al., 2020). Therefore, we pro-
posed that the admixture between ancient populations
diffused from two different regions of South China and
local populations across may have eventually given birth
to the proto-Austronesians with paternal lineages O1a-
M119, O2a2b2-N6, and O1b1a1a-M95 in coastal region
of Fujian (Figure 3). Parts of this proto-Austronesians

FIGURE 3 The proposed origins

and migration routes of Austronesians

and their ancestors. The dashed circles

were used to show the possible origin or

admixture events. The Y-single

nucleotide polymorphisms (Y-SNPs) in

black indicate the possible dominant

lineages of local populations while the

Y-SNPs in purple indicate the possible

primary lineages of Austronesians or

their ancestors after the admixture.

Short names were applied for all

lineages
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community moved to Taiwan and triggered the great
dispersal of Austronesians in the next thousands years
(Yang et al., 2018).

The scenario we described here help to explain the
similar TMRCA between sub-lineages of O1b1a1a-M95
and other founding lineages of Austronesians, as well the
low frequencies, but widely distributed, of O1b1a1a-M95
in Taiwan aborigines, the earliest branches of Austrone-
sians. The source of O1b1a1a-M95 in Taiwan aborigines
may be different from that of O1b1a1a-M95 among Aus-
tronesians in Maritime Southeast Asia which are likely
results of admixture in later age (Figure 3). However,
more analyses on ancient DNA and modern DNA are
needed to verify our hypothesis here.

In summary, we constructed a high-resolution phy-
logeny of paternal lineages in Malays. We determined
several founding paternal lineages that corresponded
directly to the origin and early differentiation of Malays
and Austronesians. We discovered a surprising consis-
tency between the expansion times of major parts of
these founding lineages in a short period between 6 and
5 kya. We also found a number of samples from the
mainland of East Asia, which are the most closely related
to the founding paternal lineages of Austronesians. Fur-
thermore, we discussed the possible ancestor groups,
admixture process, and migration routes for proto-Aus-
tronesians. Studies on maternal mitochondrial DNA
(mtDNA), ancient DNA, and whole genome data in the
future will help reveal a clear scenario for the origin,
migration, and admixture history of populations in East
Asia and Southeast Asia.
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