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Abstract

East Asia, geographically extending to the Pamir Plateau in the west, to the Himalayan Mountains in the southwest, to Lake
Baikal in the north and to the South China Sea in the south, harbors a variety of people, cultures, and languages. To recon-
struct the natural history of East Asians is a mission of multiple disciplines, including genetics, archaeology, linguistics,
and ethnology. Geneticists confirm the recent African origin of modern East Asians. Anatomically modern humans arose in
Africa and immigrated into East Asia via a southern route approximately 50,000 years ago. Following the end of the Last
Glacial Maximum approximately 12,000 years ago, rice and millet were domesticated in the south and north of East Asia,
respectively, which allowed human populations to expand and linguistic families and ethnic groups to develop. These Neo-
lithic populations produced a strong relation between the present genetic structures and linguistic families. The expansion
of the Hongshan people from northeastern China relocated most of the ethnic populations on a large scale approximately
5300 years ago. Most of the ethnic groups migrated to remote regions, producing genetic structure differences between the
edge and center of East Asia. In central China, pronounced population admixture occurred and accelerated over time, which
subsequently formed the Han Chinese population and eventually the Chinese civilization. Population migration between
the north and the south throughout history has left a smooth gradient in north—south changes in genetic structure. Observa-
tion of the process of shaping the genetic structure of East Asians may help in understanding the global natural history of
modern humans.
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Introduction and other disciplines interpret this diversification process

with different materials. Anthropologists and linguists

East Asia mainly covers China, Mongolia, North Korea,
South Korea, and Japan. This vast area has been settled by
humans (the genus Homo) since the Pleistocene. Composed
of various climates and terrains, the land has resulted in
tremendous and diversified people—culture—language com-
plexes. Researchers of anthropology, linguistics, genetics,
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focus on cultural practices attached to populations, while
geneticists have made great efforts with biological materi-
als directly from humans, including maternal mitochondrial
DNA (mtDNA), paternal nonrecombining Y chromosome
(NRY), and biparental whole genome. However, each of
these traditional insights is limited within a single discipline
and therefore cannot reveal the complete natural history of
humans in East Asia. Novel studies try to form a multidisci-
plinary, multifaceted, and unified perspective to summarize
the whole story by, for instance, establishing the connection
between cultural practices and the genetic structure of an
ethnic group.
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Immigrating into East Asia (> 12,000 year BP)
Indigenous descendants or African immigrants

The origin of anatomically modern humans (AMH, Homo
sapiens sapiens) within East Asia has been debated for a
long time. Most Chinese paleontologists insist on multire-
gionalism (origins in multiple regions) or continuity with the
hybridization hypothesis (Wu 2006); that is, AMH in East
Asia descended from local Homo erectus, who migrated out
of Africa and settled in East Asia approximately 1.8 million
years ago. Numerous fossils of Homo erectus and Homo
sapiens have been found intermittently, filling the logical
evolutionary array. These fossils share some similar morpho-
logical features unique to East Asia, such as shovel-shaped
incisors and facial flatness. These morphological features
also occur in modern East Asians at high frequency, but are
uncommon or absent in Africa and Europe. Characteristics
similar to ancient European hominins suggest interbreed-
ing with populations from other parts of Eurasia but not a
total replacement. Paleolithic archaeological aspects, such as
stone tool manufacturing technology, artifact morphology,
and trends of regional cultural traditions, also mainly sup-
port continuity from Homo erectus to archaic Homo sapiens
(Denisovan) and AMH (Gao et al. 2017).

However, genetic studies support the dominant Recent
Out-of-Africa hypothesis, that is, AMH in East Asia were
exclusively from AMH in Africa. Archaic Homo sapiens
originated from Homo ergaster in Africa and then spread
to Eurasia, replacing Homo erectus. Adapted to specific
geographic environments, archaic Homo sapiens differen-
tiated into three subspecies: Rhodesians mainly in Africa,
Neanderthals mainly in western Eurasia, and Denisovans
mainly in eastern Eurasia. AMH originated from Rhodesians
in Africa approximately 200,000-100,000 years ago. As
the youngest Toba eruption occurred approximately 74,000
years ago in Indonesia, subsequent global volcanic winter
(Rampino and Self 1992) and other effects caused a sharp
decrease in human populations (Rampino and Self 1993).
Other hominins nearly went extinct, while a few AMH in
Africa survived and expanded. AMH left Africa several
times and then occupied Eurasia, replacing Neanderthals
and Denisovans. Viewed from mitochondrial DNA, all mod-
ern non-Africans derive from haplogroup L3 (Ingman et al.
2000), which emerged in East Africa 70,000-60,000 years
ago (Soares et al. 2016). The mitochondrial DNA of nearly
all Eurasians belong to haplogroups M and N derived from
L3. Fossilized human teeth with full AMH features found in
the layer deposited between 120,000 and 80,000 years ago
in Fuyan Cave in South China indicate that AMH appeared
in East Asia much earlier than the time proposed by the
Recent Out-of-Africa theory (Liu et al. 2015); however,
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additional in situ teeth were dated much younger using
mtDNA sequences (Sun et al. 2021). Furthermore, viewed
from the Y chromosome, all modern male East Asians carry
the M168T mutation, which originated in Africa (Ke et al.
2001). Whole-genome studies also strongly support the
Out-of-Africa hypothesis (Mallick et al. 2016; Pagani et al.
2016).

Both hypotheses feature some flaws. Fossils and relics are
questioned as circumstantial evidence and cannot construct
and confirm a complete chain of evolution. On the one hand,
an individual sample of hominin fossils cannot represent the
whole population, and their rarity causes analytic results
to be irreproducible. The within-group variations of some
characteristics might be much larger than the between-group
variations. The measurements of morphological features are
subjectively influenced by the measurers, as fossils are often
fragmented when excavated. Moreover, specific morphologi-
cal features, such as phenotypes are possibly influenced by
the environment rather than by genetics. Researchers insist-
ing on an indigenous origin have also been questioned in
detail. Morphological features claimed by paleontologists
to be unique to East Asia actually occurred widely in Pleis-
tocene Africans (Groves 1989; Briuer and Stringer 1997).
There was a gap between fossils of archaic humans and
AMH in East Asia between 100,000 and 50,000 years ago
(Su et al. 1999), a critical period for AMH leaving Africa.
Genetic results directly confirmed an exclusive origin from
Africa and are more convincing than morphological stud-
ies. However, paleontologists argued that the most recent
common ancestors of extant humans are not equal to ances-
tors of all AMH, while other native hominins made at least
part of the genetic contribution (Wu 2006). However, the
indigenous hypothesis is difficult to examine with DNA.
Very few ancient DNA results of archaic humans, let alone
Homo erectus of much older age, have been obtained. In
contrast, paleontologists raised several questions for genet-
ics: the basis of the Out-of-Africa hypothesis, a constant
mutation rate does not exist, and the molecular clock theory
is thus unreliable (Rodriguez-Trelles et al. 2001). Genetic
drift and other unknown biological changes might cause bias
and errors in conclusions, and the limited number of loci
used leads to controversial conclusions drawn by different
geneticists (Wu 2006). The Toba catastrophe theory and the
supposed population decrease are also questioned by geo-
logical evidence from Africa and the continuous stone tool
industry in India (Lane et al. 2013; Clarkson et al. 2020).

Recently, both hypotheses were revisited and revised by the
discovery of new fossils and improved sequencing technolo-
gies, and thus, neither model was completely correct. New
findings suggested that the origin and spread of AMH was a
dynamic and complex process that cannot be generalized to a
single model. Another advance was that genetic analyses of
archaic humans confirmed gene flow between Neanderthals,
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Denisovans, and AMH. The Neanderthal contribution to non-
Africans was 1.5-2.1%, while the Denisovan contribution
to mainland Asians and populations in Australasia (Papua
New Guinea and Australia) was ~ 0.2% and ~ 5%, respec-
tively. Intriguingly, an unknown archaic hominin contrib-
uted 2.7-5.8% of the Denisovan genome (Priifer et al. 2013).
Although the proportion varies globally, archaic humans are
not the direct ancestors of AMH. Therefore, the Recent Out-of-
Africa hypothesis is more widely accepted. AMH in East Asia
originated in Africa and interacted with neighboring archaic
humans.

Directions of migration and diffusion

Researchers further traced the routes through which AMH
arrived in East Asia. Three models were postulated, namely, a
northern route, a southern route, and independent evolution of
northern and southern East Asians (Piazza 1998; Jobling et al.
2003; Zhong et al. 2011). The genomic diversity of modern
humans pointed to the southern route into East Asia followed
by a subsequent south-to-north diffusion in East Asia. The
presence and dispersal of mtDNA macro-haplogroups M and
N derived from L3 suggested migration along the southern
coast of Asia through India into Southeast Asia (Macaulay
et al. 2005). The southern route is also supported by paternal
evidence. Four Y-chromosome haplogroups, C, D, N, and O,
accounting for 93% of the present East Asian males (Wang
and Li 2013), all have southern origins. Males of haplogroup
C went through the southern coastal route to Southeast Asia
approximately 60,000 years ago and then spread to East Asia
approximately 40,000 years ago (Zhong et al. 2010). Approxi-
mately 60,000 years ago, the population carrying haplogroup
D spread northward to East Asia (Shi et al. 2008). These
D-M174 populations surprisingly settled on the Tibetan Pla-
teau, adapting to extreme environments, possibly benefitting
from gene flow from Denisovans (Huerta-Sanchez et al. 2014).
The younger haplogroups N and O migrated to East Asia in
several waves 40,000 years ago (Wang and Li 2013). Further-
more, a previous study based on the autosomal single nucleo-
tide polymorphisms (SNPs) also confirmed that Southeast
Asian populations made more genetic contributions to East
Asian populations than Central/South Asian populations did
(HUGO Pan-Asian SNP Consortium 2009). However, new
data on ancient human genomes suggested that the former
southern route model needed to be revised. For instance, the
45,000-year-old Ust’-Ishim man from North Asia most likely
carried haplogroup NO rather than K2 (Wong et al. 2017),
probably indicating an earlier entry of this haplogroup into
East Asia. In addition, migration in all directions within Asia
during the early Holocene occurred more frequently than pre-
viously thought (Bai et al. 2020; Yang et al. 2020), despite
primary south-to-north expansion.

Gathering into ethnic groups (12,000-5300
year BP)

The early East Asian AMH that arrived in East Asia were
hunter gatherers in a loose society. There were neither eth-
nic groups nor linguistic families. How they gathered into
ethnic groups can also be observed in population genetics.
Ethnic groups can be identified with the sharing of language,
cultural traditions, and/or religion and legends of common
ancestors (Anderson 2006). Present-day East Asians speak
languages classified into several language families, namely,
Altaic, Sino-Tibetan, Tai-Kadai, Austronesian, Austroasi-
atic, Hmong-Mien, and some isolated languages, such as
Koreanic and Japonic languages (Fig. 1). The origin and
expansion of these linguistic families are in ongoing debate
as well. China, as the largest country in East Asia and with
a vast territory and rich history, has had continuous interac-
tions with adjacent regions and thus can serve as an example
for studying the history of East Asia.

Among the ethnic groups in East Asia, Han Chinese
has the largest population. As a typical sample, its culture
may be traced to the Neolithic Age through anthropological
study. Populations of Han Chinese, using Sinitic languages,
which belong to one of the two subfamilies of the Sino-
Tibetan family, share a common jade culture inherited from
the Neolithic Age. In the previous perceptions, the oldest
jadeware in China was found in the Xinglongwa culture in
northeastern China, dated to 8200 years ago (Cui 2015).
However, much older jadeware of more than 9000 years old
was found at the Xiaonanshan site in Heilongjiang, which
is north of Xinglongwa (Li and Yang 2019). Therefore, we
assumed that Han Chinese originated in northeastern China.
However, it was not easy to determine whether the early
populations used jadeware of the same origin. The raw mate-
rials and shapes of jade pieces and their uses varied across
Neolithic China. Archaeological interpretations of excavated
remains sometimes introduced more mysteries. Therefore, it
is necessary to introduce genetics to trace the origin of eth-
nic groups, including Han Chinese. The background genetic
structure of the East Asian population was shaped during
the Neolithic Age. Since the Neolithic Age, most East Asian
societies have been patriarchal (Stoneking and Delfin 2010);
therefore, maternal expansions viewed from mtDNA can-
not fully reflect iterations in the dominant population (Wen
et al. 2004). Moreover, the distribution of maternal lineages
is strongly affected by the environment through the meta-
bolic functions of mitochondria and thus is less related to
the migration history of ethnic groups. Genome-wide data
are the most precise tool to depict relationships between
populations and is widely used in current population stud-
ies; however, obstacles in obtaining ancient DNA have
strongly limited ancient data collection until recent years
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Fig. 1 The distribution of the
linguistic families approxi-
mately correlates with Y
chromosome differences in East
Asia. (Huang and Li 2017)
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if we want to study populations of specific time directly.
NRY data, documenting patrilineal migration and expan-
sion honestly because of nonrecombination, is convenient
to acquire because of relatively short base pair length (~ 60
Mb) as compared to whole genome data but much larger
amount of information than mitochondrial DNA (16 kb) and
is strongly associated with languages (Wang and Li 2013),
and; therefore, these data are suitable for reconstructing the
history of East Asia when there is a lack of genome-wide
data. Assumed ancestors of certain language families show
a clear affinity with their descendants today from a paternal
perspective (Fig. 2), with similar patterns at the genome-
wide level (Fig. 3). We can also observe the expansion and
interactions of ethnic groups by the distribution of certain
NRY haplogroups (Fig. 4). Intriguingly, dominant NRY hap-
lotypes coincide with legends of common ancestors of Han
Chinese (Yan et al. 2014). Our study revealed that one of the
most important NRY lineages of Han Chinese, O2a-M324,
originated in northeastern China.

Waves of Paleolithic AMH migrated and settled across
East Asia gradually but finally replaced local archaic
humans. Surviving from the Last Glacial Maximum, AMH
hunter-gatherers developed agriculture in a warmer climate
approximately 10,000 years ago (Zhao 2010). Adapting to
different environments, two centers of different agriculture
appeared in East Asia. As one of the independent origins
of agriculture in the world, the land of East Asia nurtured
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a much larger population than ever before, especially for
males (Wang et al. 2016). Agriculture provides a more
comfortable, safe, and stable food supply than hunting or
gathering, leading to higher population fertility and infant
survival rates; thus, different populations accumulated vari-
ous cultures, formed stable confederates, and eventually
developed into several linguistic families. During years of
development, loose communities tended to form more united
tribes or even kingdoms. The increase in population led to
an increasing demand for land; therefore, populations with
powerful military forces started to conquer nearby regions
(Liu 2005), with demic diffusion of languages and artifacts.
Populations formed several regional systems and cultural
types in China (Su and Yin 1981), with different dominant
haplogroups (Fig. 5).

Millet farming centralized ethnic groups

The world’s oldest millet farming remains were discovered
at sites of the Cishan culture in northern China along the
Sanggan River near Beijing, dating back to at least 8200
years ago, with the earliest evidence of domestication since
10,000 years ago (Lu et al. 2009). Large amounts of wild
and domestic animal remains were also discovered. At the
Cishan site, dogs and pigs were certainly domesticated,
and chickens were possibly domesticated, as suggested by
early studies (Chow 1981), although there are controversial
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Fig.2 Projection of 36 ancient
populations onto a principal
component analysis (PCA)
plot for 71 worldwide modern
linguistic populations based
on NRY haplogroup frequen-
cies. Data collected from
Allen Ancient DNA Resource 0.3
version 44.3 (AADR 2021)
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opinions regarding Cishan chicken mtDNA sequences reject-
ing domestication (Xiang et al. 2014; Peng et al. 2015;
Peters et al. 2015). Nevertheless, the Cishan people estab-
lished stable food production in dry climates and developed
the culture named after the site. Phylogenetic analysis of
Sino-Tibetan languages suggests origin from millet farmers
in northern China at approximately 7200 year BP, possibly
from the late Cishan culture and subsequent Yangshao cul-
ture (Sagart et al. 2019; Zhang et al. 2019).

The people who created the Yangshao culture (7000-5300
year BP) are famously known as an important origin of
Chinese, and their westward migration participated in the
formation of Tibeto-Burman populations. Approximately
6000 years ago, a cold-dry climate event caused farmers who
carried O2a2blala-F5 (Oa) from Yangshao culture in the
middle Yellow River basin to migrate southwestward to the
Tibetan Plateau in the first wave and mixed with local Paleo-
lithic D-M174 populations, together forming the first layer
of modern Tibeto-Burman populations (Wang et al. 2018b,
b). The Yangshao people possibly induced the southern/east-
ern haplogroup O2alblalala-F11 (Oy) as well, viewed from
whole-genome data of a person from the Banpo site (Zhang

-0.25 0.00 0.25 PC1

et al. 2018a). The westward movement of the Yangshao peo-
ple left the succeeding Majiayao culture (53004400 year
BP) and Qjjia culture (4400-3600 year BP) in Gansu and
Qinghai provinces in northwestern China, and the people
were called Di-Qiang afterwards. Remains from Qijia sites
were assigned to O2a-M324 (Fig. 4), half to subbranch P201
and half to M117, a subbranch of P201. In particular, one
person at the Mogou site of Qijia culture carried O-F2137, a
deep subbranch of O-M117 widely distributed across present
China, suggesting its early explosive expansion. All samples
of Qinghai males of the Han Dynasty were still O2a-M324
(Fig. 4, 2000-1000 year BP), indicating the constancy of the
genetic structure since the Yangshao culture in northwestern
China.

The Hongshan culture (6500-5000 year BP) in north-
eastern China was related to the Yangshao culture (An
and Chang 1979) and possibly derived from the Cishan
culture (Yan 1979), although its precise origin remains
controversial (Chen 2010, 2012). The Hongshan culture
is famous for its association with numerous fabulous jade
artifacts, especially jade dragons. While jade played a
pivotal role in rituals and dragons symbolized common
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Fig.3 Genetic patterns of
ancient and present-day East
Asians, data collected from
Allen Ancient DNA Resource
version 44.3 (AADR 2021) and
published results (Meyer et al.
2012; Patterson et al. 2012;
Lazaridis et al. 2014; Genomes
Project Consortium 2015;
Jeong et al. 2016, 2018, 2019;
Mallick et al. 2016; Skoglund
et al. 2016; Kanzawa-Kiriyama
etal. 2017; Yang et al. 2017,

2020; de Barros Damgaard et al.

2018a, b; Lipson et al. 2018;
McColl et al. 2018; Flegontov
et al. 2019; Ning et al. 2019,
2020; Bergstrom et al. 2020;
Wang et al. 2020a). a PCA for
1,257 present-day East Asians
and adjacent North Asians and
Southeast Asians, with the
projection of ancient individu-
als. b, ¢ Admixture results at
k=S5 for ancient individuals
(b) and present-day East Asian
populations sorted by linguistic
families (c). P Paleolithic, N
Neolithic, BA Bronze Age, IA
Iron Age
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Fig.4 NRY haplogroup
distribution changes through
time. Data collected from Allen
Ancient DNA Resource version
44.3 (AADR 2021), previous
studies (Li et al. 2007, 2010a,
2013, 2017, 2018, 2020; Kim
et al. 2010; Zhao et al. 2010b;
Li2012; Cui et al. 2013; Fu

et al. 2014; Hollard et al. 2014;
Raghavan et al. 2014; Allentoft
et al. 2015; Cui et al. 2015;
Dong et al. 2015; Gao et al.
2015; Zhao et al. 2015; Jeong
et al. 2016, 2018; Liu 2016;
Lkhagvasuren et al. 2016;
Kanzawa-Kiriyama et al. 2017,
Ning 2017; Unterldnder et al.
2017; Yang et al. 2017, 2020;
Zhang et al. 2017, 2018b; de
Barros Damgaard et al. 2018a,
b; Hollard et al. 2018; Lipson
et al. 2018; McColl et al. 2018;
Flegontov et al. 2019; Harney
et al. 2019; Jarve et al. 2019;
Narasimhan et al. 2019; Ning
et al. 2019, 2020; Sikora et al.
2019; Wang et al. 2020a; Yu

et al. 2020), and unpublished
results from the Gaomiao site of
the Gaomiao culture
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ancestors of Han Chinese, the Hongshan people also made
genetic contributions to Han Chinese in addition to merely
cultural practices. Hongshan ancestors spread haplogroup
O across China approximately 5300 years ago, with diffu-
sion of Sinitic languages. More than 40% of present Han
Chinese can be assigned to clades spread by Hongshan
ancestors NRY (Yan et al. 2014). Haplotype O2a-M324
occurred among aristocrats at both the Niuheliang site
and the Banlashan site, the two largest mausoleums of
Hongshan. Lineage O2a2b1-M134 continuously existed

during later Longshan and Qijia cultures (Shimao region
in the great curve of the Yellow River) at approximately
4000 year BP in central northern China, the heartland
of Chinese civilization (Fig. 4). As Hongshan popula-
tions occupied northeastern China, some earlier popula-
tions of local Zhaobaogou culture carrying haplogroup
N moved outward (unpublished data from Zhaobaogou
site). These immigrants might have developed Finno-
Uralic languages afterward (Li 2018; Li and Jin 2020).
Residents who remained in the region retained haplogroup
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Fig.5 Geography, chronology,
and genetics of archaeological
cultures in Neolithic East Asia
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N in northeastern China. Another crucial lineage of Han
Chinese is Qlala-M120 (Sun et al. 2019). One Yangshao
person was genotyped Qlala-M120, suggesting its early
contribution to Han Chinese at least 6000 years ago (Ning
et al. 2020). Qlala-M120 was also found in aristocrats and
commoners at the Hengbei site dated to 3000 year BP, but
was not seen in slaves (Zhao et al. 2014), and it therefore
participated in shaping the genetic structure of northern
Han Chinese. Southern lineage C2b has made important
genetic contributions to Han Chinese as well and has been
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documented in the Shimao people of northern Shaanxi
Province in the latest research (Ning et al. 2020).

In summary, millet farming in northern China resulted
in the gathering of diverse lineages of people and in the
development of the Sino-Tibetan ethnic groups in the
Neolithic Age, with a leading lineage of haplogroup O2a-
M324 and subgroup M117.
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Rice farming centralized ethnic groups

Rice farming in Southern China might have started earlier
than millet farming in the north. Farmers near the middle
and lower branches of the Yangtze River started domesticat-
ing rice more than 10,000 years ago (Zhao 2010), leading
to the rise of southern Chinese civilizations. These farm-
ers may have developed some of the linguistic families now
prevalent in East Asia and Southeast Asia, as there are close
linguistic relationships among Hmong-Mien, Austroasiatic,
Tai-Kadai, and Austronesian languages (Pan 1995) and close
genetic relationships between the Neolithic Yangtze popula-
tions and the present southern language speakers (Li et al.
2007; Zhang et al. 2015).

In the middle reaches of the Yangtze River, the ances-
tors of Hmong-Mien-speaking populations created the Gao-
miao culture (7800-6500 year BP) and the later Daxi culture
(6500-5300 year BP) (Li et al. 2007). The Gaomiao people
used white pottery as ritual vessels, invented octagonal star
patterns symbolizing the solar calendar, and worshiped a
bird (phoenix) and the sun (Hunan Provincial Institute of
Cultural Relics and Archaeology 2006). Semicircle (huang)
and camber edge axe (yue) jadeware, which were important
to later Chinese civilizations, were found in burials at the
Gaomiao site, suggesting that initial national civilization
factors occurred. The Chengtoushan site of Gaomiao culture
is considered the oldest city in China due to its comprehen-
sive layout, suggesting an early stage of civilization (Yuan
2010). These cultural factors were partially absorbed by
Han Chinese and were also inherited by local minor ethnic
groups, such as the Miao (Hmong). In addition to cultural
similarities, high frequencies of O2a2ala2-M7 in the present
Hmong-Mien populations and the Daxi people developed
out of Gaomiao provide strong evidence for shared genetic
affinities. (Li et al. 2007, 2008). In addition to O2a-M7, hap-
logroup Oy-002611 was found in the remains of an early
leader of Chengtoushan city (unpublished data), indicating
a possible relationship between the Gaomiao culture and
the Dawenkou culture in central eastern China, in which Oy
was also frequent.

Close to the Hmong-Mien (Xia et al. 2019), a popula-
tion living in southern China (Liao 2015; Zhang et al. 2015)
developed Austroasiatic languages and migrated southward.
These people were possibly located near the middle reaches
of the Yangtze River Valley (Pejros and Shnirelman 1998)
and the Sichuan Basin (Peiros 2011). Although ancient DNA
sequences from Sichuan Province are lacking, the Wucheng
people approximately 3000 years ago in Jiangxi Province,
southeast of Sichuan, carried the Olblala-M95 lineage (Li
et al. 2007), which is distributed in Austroasiatic populations
at high frequency (Zhang et al. 2015).

As a language family mostly distributed on islands, the
origin of Austronesians has long been debated, with several

hypotheses from different disciplines (Fan et al. 2018). A
recent study traces Austronesian speakers to ancient south-
ern China with whole-genome sequencing (Yang et al.
2020). Considering the close relationships between Tai-
Kadai populations and Austronesian populations (Li et al.
2008; Kutanan et al. 2018), the two families may have
derived from the same or intimate ancestors. The linguistic
hypothesis is that Tai-Kadai is derived from Austronesian
(Sagart 2005). Our genetic study indicated that the earlier
Majiabang populations (7000-5900 year BP) (Mou and Wei
1978; Luojiajiao Archaeology Team 1981) in the Yangtze
Delta may have developed the Austronesian linguistic fam-
ily, whereas the later in situ Songze (5900-5300 year BP)
(Mou and Wei 1978) and Liangzhu populations (5300-4300
year BP) (Mou and Wei 1978), later called Bai Yue in the
historical period, developed into the Tai-Kadai linguis-
tic family (Li et al. 2007, 2008). The Liangzhu culture is
known for glorious jade artifacts, especially ritual square
tubes (cong), apertured plates (bi), and camber edge axes
(yue). The Liangzhu culture was thought to have become one
of the earliest state societies in East Asia (Renfrew and Liu
2018) due to its fortified towns and communities, advanced
science and technologies, clear stratification of society, clear
distinction between urban and rural areas, the presence of
force, and a theocratic government (Zhao 2017). The NRY
lineages observed among the Liangzhu remains were mostly
O1la-M119 (Li et al. 2007), which are prevalent in Tai-Kadai
and Austronesian speakers (Li 2005).

Different from the major single ethnic origin in northern
China, southern China was the site of at least three ethnic
origins, with haplogroups Ola-M119 in the ancestors of
Austronesians and Tai-Kadai speakers in the lower reach of
the Yangtze River, haplogroups O2a-M7 in the ancestors of
Hmong-Mien speakers in the middle reach of the Yangtze
River, and haplogroups O1b-M95 in the ancestors of Aus-
troasiatic speakers in the upper reach.

Climate changes, expansion, and wars between ethnic
groups resulted in outmigration and admixture. In the early
Neolithic Age, Austronesian, Austroasiatic, Finno-Uralic,
and Paleosiberian speakers migrated out of East Asia, and
the genetic structures of the populations continued to drift
but were isolated from those of other East Asians. Those
populations remaining in East Asia, e.g., Sino-Tibetan,
Hmong-Mien, and Tai-Kadai ancestors, interacted fre-
quently, which allowed their languages to mingle exten-
sively. Eventually, these East Asian languages evolved tones
together in the Bronze Age, becoming analytic languages
without tense or voice (Huang and Li 2017; Li 2018; Li and
Jin 2020). Intensive population admixture started in East
Asia approximately 5,300 years ago.
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Admixing into a nation (<5300 year BP)

Although there is not yet a consensus of the precise start of
"China" as a political entity, the traditional concept of "five
thousand years of Chinese civilization" might be reason-
able, judging from archaeology and genetics. Archaeological
cultures dramatically shifted from approximately 5300 years
ago to 4000 years ago, coinciding with the legend of wars
between ancient tribes. Admixture is also reflected by exca-
vated artifacts. Approximately 5300 years ago, jade artifacts
with religious purposes belonging to the Hongshan culture
spread southward to central northern China (Guo 2017).
A domino effect occurred among the cultures in East Asia
immediately after 5300 years ago. The Yangshao culture in
the central north migrated to the west. The Dadiwan cul-
ture in the west mixed with the Yangshao culture, forming
the Majiayao culture. The Lingjiatan culture, the dominant
culture in southern China, was ruined. The Daxi culture
in the southwest transitioned into the Qujialing culture.
The Songze culture in the southeast transitioned into the
Liangzhu culture. A rapid population admixture drove this
process, probably along with the integration of the ethnic
groups into a nation, which represent the earliest start of
China as an entity. The NRY haplogroup O« of the Hong-
shan leaders was then carried to most regions of China.

Subsequently, population interaction became increas-
ingly frequent. For example, approximately 4500 years
ago, Liangzhu-style jade artifacts and their associated
rituals spread northward to Shandong Province in central
eastern China (Huang 1992), westward to central north-
ern China (Han 2010), and finally arrived in northwestern
China (Huang 1992) and might have accompanied by demic
diffusion. Along these migration routes, southern popula-
tion lineages mixed with the northern population lineages.
Admixture was reflected by the continuous distribution of
genetic distance as well (Wang et al. 2020a) and a smooth
north-to-south gradient in genetic structure (Wen et al. 2004;
Wang et al. 2020a; Yang et al. 2020). Compared with the
northward migration, the initial southward spreading of
haplogroup Oa from Hongshan played the most important
role. Therefore, we speculated that the Hongshan people
were major participants in the establishment of the Chinese
civilization.

Accelerated admixture and homogenization occurred
after unification of centralized dynasties. As a nation, the
history of China can be classified into three periods, i.e.,
idolatry dynasties (3300-2000 BC), tributary dynasties
(2000-221 BC), and empery dynasties (221 BC-1912 AD).
In particular, the empery dynasties markedly accelerated
the population admixture, and three large-scale southward
migrations (Ge et al. 1993) in the Eastern Jin, late Tang, and
Southern Song dynasties caused by wars made the paternal
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genetic structure of southern Han Chinese almost the same
as that of northern Han Chinese but significantly different
from that of the southern ethnic minorities. In contrast, the
maternal genetic structure of southern Han Chinese showed
signs of admixture of northern Han Chinese and southern
ethnic minorities (Wen et al. 2004). The admixture occur-
ring in Han Chinese with a north-to-south trend was not
only caused by war. Nomadic proto-Mongolian populations
from North Asia dispersed Altaic languages and NRY C2a
lineages (Wei et al. 2017; Zhang et al. 2018b; Li et al. 2020)
southward to Chinese populations. The southern East Asian
lineage O2a2b1 spread to the north as well (Wang et al.
2020a). West-to-east migration is also evidenced by NRY
lineage R in the Mongol Empire (Lkhagvasuren et al. 2016)
and mitochondrial lineage U in central northern China dur-
ing the Sui Dynasty (598 AD) (Xie et al. 2007).

The rapid development of East Asian society over the past
several centuries has made migration much easier and more
frequent, which has weakened the association among genet-
ics, cultures, and languages. Although geographically dis-
tant present-day East Asian populations are still separated in
the PCA plot, the distance between neighboring groups has
vanished (Fig. 3a). The estimated composition of ancestry
of ancient and present-day East Asians shows approximate
similarity and detailed differences (Fig. 3b, c), suggesting
gradual change but not substitution in populations. Major
lineages in southern China and Southeast Asia, O-M95,
0-M7, and O-M119, occur in Daur people in northernmost
China, but the Daur people are assumed to descend from
Khitan or Mongol and never visited southern China (Wang
et al. 2018a). Modern ethnic groups in southwestern China,
which are thought to be mostly isolated, carry a high fre-
quency of genetic components from populations of different
linguistic families (Guo et al. 2019; Xu et al. 2019; Lu et al.
2020). Homogenization makes the nation united with not
only cultural identity but also genetic affinities.

Conclusions and perspectives

We generally reviewed how ancient Africans became current
East Asians by researching the chronology. AMH originated
in Africa and then trekked through South Asia to Southeast
Asia and spread northward to East Asia with introgression
with archaic humans. Other routes of migration might also
have contributed to the East Asian gene pool. Populations
increased after the Last Glacial Maximum. As agricultural
production of millet and rice developed, populations gath-
ered into ethnic groups represented by uniform languages
and cultures, namely, the Sino-Tibetan speakers in the Cis-
han culture and the descendant Yangshao and Hongshan
cultures, the Hmong-Mien speakers in the Gaomiao culture
and Daxi culture, the Austroasiatic speakers in the Sichuan
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Basin, the Austronesian speakers in the Majiabang cul-
ture, the Tai-Kadai speakers in the Liangzhu culture, and
the ancestors of the Finnish-Uralic speakers in the Zhao-
baogou culture. The Hongshan people moved southward
at approximately 5300 year BP to dominate the formation
of the ancient Han Chinese. Populations of other linguis-
tic families either mixed with the ancient Han Chinese or
migrated to remote regions to become modern minorities.
Nomadic lineages merged into the Chinese gene pool during
the empery dynasties and contributed to the structure of the
modern Chinese people. Currently, population admixture is
occurring on an even larger scale. In conclusion, we argue
that a long history of population admixture spanning more
than 5000 years has made the ethnic groups in mainland
East Asia a nation.

The rapid development of molecular biological technolo-
gies makes it possible to assess genetic history on a fine
scale. Data were obtained on scales ranging from one per-
son to entire populations, from one SNP to whole-genome
sequences, and from uniparental lineage to genomics and
even to phenomics to depict a panoramic perspective of
human beings. However, understanding the natural history
of humans cannot rely solely on genetics and must also
incorporate data on cultures and languages interacting with
our genomes.
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