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Abstract

East Asia constitutes one-fifth of the global population and exhibits substantial genetic diversity. However, genetic
investigations on populations in this region have been largely under-represented compared with European
populations. Nonetheless, the last decade has seen considerable efforts and progress in genome-wide genotyping
and whole-genome sequencing of the East-Asian ethnic groups. Here, we review the recent studies in terms of
ancestral origin, population relationship, genetic differentiation, and admixture of major East- Asian groups, such as
the Chinese, Korean, and Japanese populations. We mainly focus on insights from the whole-genome sequence
data and also include the recent progress based on mitochondrial DNA (mtDNA) and Y chromosome data. We
further discuss the evolutionary forces driving genetic diversity in East-Asian populations, and provide our
perspectives for future directions on population genetics studies, particularly on underrepresented indigenous
groups in East Asia.
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Background
In the past two decades, novel methods were developed
and facilitated in the generation of large genomic data
that researchers have used to improve our understand-
ing of the population genetic architecture and evolution-
ary history of humans [1]. However, most genetic
studies are based on populations of European ancestry.
Non-European populations such as East Asian (EA) and
African are underrepresented. The lack of ethnic diversity
in human genetic studies impedes our understanding of
the panorama of both the ancient human migration and
the present-day human population diversity [2].
East Asians represent about 38% of the Asian popula-

tion and 22% of the global population. Their population

occupied a unique geography, located on the crossroads
connecting the Americas and Pacific Islands, which plays
a pivotal role in human evolutionary history. The whole-
genome population genetic studies on East Asians can
be traced back to 2009, when the HUGO Pan-Asian
SNP Consortium (HUGO-PanAsia) reported the first co-
hort of large-scale genome data on Asians [3]. Prior to
that, population genetics studies in East Asian mainly re-
lied on sparse markers on mtDNA and the Y chromo-
some [4–8]. These studies have proposed the historical
models of EA population formation, origins, subsequent
population migration and division, and impact of social
practices on current populations. During the subsequent
genome-wide data era, with higher-coverage data and
improved analytic methods, some previous findings were
supported and validated, while others were rejected or
confirmed. We summarize the results of recent population
genetics studies on EA populations since 2009 (Fig. 1),
although some populations were covered but not specific-
ally studied by some studies that aimed to investigate glo-
bal population diversity.
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Here, we review the recent progress in population gen-
omics of East Asia, concentrating on three typical popu-
lations, namely, Chinese, Japanese and Korean. We
describe differences in the genetic architectures of these
populations, explore the mechanisms that maintain the
genetic diversity among EA populations, and decipher
the evolutionary scheme of East Asians. This review
improves our understanding of East Asian population
genetic structure and more importantly, emphasizes the
need for additional genetic studies on the under-
represented ethnic groups.

Population genetic studies on east Asian ethnic
groups
According to geographical distribution and ethnicity, East
Asians can be roughly divided into three major groups:
Chinese, Korean and Japanese. Although these three popu-
lations share many physical similarities, genomic studies
show that the genetic makeup of the these populations dif-
fer from each other [9, 10]. Therefore, in this section, we
provide a general overview of the genetic ancestry, subpop-
ulations, admixture, and migration history of each group.

Japanese populations
According to the studies based on mtDNA, Y chromo-
somes and genome-wide sequence data, the historical

periods of Japan follow a dual structural model that con-
sists of three periods [11–13]. The first Paleolithic period
dates back to 14,500 years ago (ya), followed by the
Jomon period spanning from 14,500 to 2300 ya, and the
third Yayoi period from 2300 to 1700 ya. The periods
also correlate with Japanese ancestries. Jomon are the
ancient hunter-gather population from Southeast Asia,
while Yayoi are later agriculture-migration-related immi-
grants from Northeast Asia.
These ancestries have different genetic contributions

to various present-day Japanese sub-populations. The
Japanese population is currently divided into three sep-
arate groups: mainland Japanese (also called Hondo),
Ryukyuan, and Ainu [12]. Mainland Japanese is the
major population located in the central continent of
Japan. It is regarded as the descendant of Jomon and
Yayoi, with a higher genetic contribution from Yayoi
than the other two populations. Ryukyuan is located in
Okinawa in the southern islands of Japan, while Ainu is
an indigenous population in Hokkaido and southern part
of Sakhalin islands, north of Japanese archipelago. The
Ryukyuan population, which can also be divided into
three subpopulations (Okinawa in the north, Miyako in
the middle, Yaeyama in the southwest) based on both
geographic and genetic distances, received major genetic
components from Korean and Jomon [12, 14]. Genetic

Fig. 1 A graphical summary of population genetic studies on EA populations. The summary is based on population genetics studies on EA
populations from 2009 to 2020 retrieved from online database PubMed (https://pubmed.ncbi.nlm.nih.gov/) (search string query: East Asian and
Population genetics). We have retrieved a total of 1960 papers, of which 91 are directly related to the population genetics among East Asian
groups and are counted in the summary. Focal studies stand for studies that specifically focus on the target populations while related studies are
those that include the target populations. Geographical locations of populations studied are roughly annotated
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drift possibly accounts for the genetic differences among
the Ryukyuan subgroups rather than admixture. The
Ainus are genetically closest to Jomon and are regarded
as the offspring of Jomon, with later disparate gene flows
from other East Asian populations, including mainland
Japanese, resulting in genetic heterogeneity in Ainu [15].
It’s also genetically closer to Ryukyuan than mainland
Japanese, possibly due to the high-proportion of shared
Jomon-ancestry. Previous studies based on Y chromo-
some data suggest a genetic relationship between Ti-
betan and Ainu [16]. However, this correlation was not
confirmed by whole-genome data analyses [17]. Recent
findings indicate that Ainu is more closely related to
low-altitude East Asians than high-altitude East Asians.

Korean populations
The Korean Peninsula is located to the north of China
and its northeast region is bound by Russia. The Korean
population has been thought to be highly homogeneous
with few admixtures in its history [10, 18, 19]. Previous
studies based on mtDNA and Y chromosome show that
the Korean ethnic group received a large proportion of
genetic components from Northeast Asia and a small
proportion from Southeast Asia, which suggests a south-
to-north migration route to Korea [20]. Moreover, re-
analysis of Y-chromosome data showed the southern
genetic contribution in females is less than that in males,
indicating a male-biased migration pattern, which is pos-
sibly associated with the spread of rice agriculture [21].
Similarly, a study based on genome-wide SNP data also
supports the male-biased south-to-north migration [22].
A recent study employing more whole-genome data of
both present-day and ancient populations recaptured the
two major genetic components from East Siberia and
Southeast Asia [18]. The study also unveiled the origin
of the admixed genetic components, which suggests an
initial admixture between Tianyuan and Devil’s gate an-
cestries throughout East Asia and East Siberia until the
Neolithic era, followed by a more recent admixture with
ancient Southern Chinese populations in the Bronze Age
and ultimately a migration to Korea. The recent admix-
ture with Southeast Asians, including Chinese and Cam-
bodians, contributes to the genetic makeup of present-
day Korean subpopulations.

Chinese populations
Chinese is the largest population in Eastern Asia, con-
sisting of 56 officially identified ethnic groups, with Han
Chinese as the major ethnic group. The minorities are
distributed throughout the country; for instance, Ti-
betans and Sherpas in the Qinghai-Tibet Plateau,
Uyghurs in western China, Dais in southern China,
Mongolians in central and northern China. Extensive re-
search studies have been made to uncover the genetic

structure and evolutionary history of Chinese popula-
tions. One remarkable genetic pattern is the distinction
between northeastern and southeastern Chinese groups,
based on phylogeographic studies of mtDNA variations
and non-recombined Y chromosome (NRY) haplogroups
[4, 6, 7]. These studies have supported the north-south
division with greater diversity in southern EA, indicating
a north-to-south migration route although without dir-
ect evidence. Strong support is provided by the HUGO-
PanAsia study [3], which shows a highly significant cor-
relation between haplotype diversity and latitude, and
confirmed by a maximum-likelihood analysis. This study
offers compelling evidence for a south-to-north direction
of early EA migration although other movements from
north to south remain esoteric.
Except for the north-to-south cline, later genome-

wide studies on select minority population such as the
Uyghurs in Xinjiang also show a west-to-east cline,
which is associated with an admixture between EAs
and Europeans [23]. Xinjiang is located in western
China and is bound by eight countries, namely,
Mongolia, Russia, Kazakhstan, Kyrgyzstan, Tajikistan,
Afghanistan, Pakistan, and India. It serves as the key
place of the ancient Silk Road, which links the East
and the West of Eurasia. Its unique geography may
contribute to the high diversity of the Xinjiang popu-
lation. Uyghurs, the most typical indigenous popula-
tion in Xinjiang, are the key ethnic group for inferring
the history of recent genetic exchange between eastern
and western Eurasian. Studies on mtDNA and the Y
chromosome confirmed Uyghurs were derived from
both eastern and western Eurasian people [24, 25],
which are the descendants of the most ancient Turkic
tribes with mixed Caucasian and East-Asian ances-
tries. A recent genome-wide scale study further shed
light on the ancestry and origin of the Uyghurs [26]. It
separates the two components into four specific ori-
gins, which consist of European (24.9-36.6%), South
Asian (12.0-19.9%), Siberian (15.2–16.8%), and East
Asian (28.8–46.5%). Based on the different composi-
tions of the genetic make-up, the Uyghur population
could be divided into two sub-populations, namely,
the northeast and southwest. This population struc-
ture is associated with longitude instead of latitude,
which may result from a joint effect of the barrier of
the Tianshan Mountain and gene flow from Eastern
and Western neighboring Eurasian populations. Re-
searchers also estimated the admixture time and pro-
posed a two-wave admixture model. First, West
Europeans and Southern Asians admixed as the West-
ern component (WE-SA) in 5000–3750 ya, whereas
the Eastern Asians and Siberians met in the East and
formed as the Eastern ancestries (EA-SIB) in 5500–
5000 ya. Subsequently, the mixed WE-SA and EA-SIB
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joined together as the founder of Uyghur’s gene pool.
The West-East contact possibly occurred twice, one in
around 3500 ya and the next in 750 ya.
Another essential minority for inferring human popu-

lation history is the Tibetan ethnic group. Settled in the
highest plateau with an average elevation of > 4500m
worldwide are the Tibetan high-landers constituting a
distinct population in China. It is estimated that 90% of
the Tibetan genome was inherited from modern humans
and about 6% originated from mixed archaic hominoids,
including Neanderthals (~ 1%) and Denisovans (0.4%)
[27]. Some archaic segments that remained in the Ti-
betan genome are crucial for high-altitude adaptation
[28]. Tibetans are genetically closest to East Asians
among the global populations, and closer to other plat-
eau ethnics, including Tu, Yi and Naxi than lowlanders
such as Han Chinese. Current methods assumed that
the Tibetan and Han shared EA components, taking up
> 80% of their genome, and the divergent time was about
15,000–9000 ya. The admixture model for Tibetan evo-
lution could be summarized as a two-wave admixture
model that is similar to that of Uyghur’s evolution. The
first ancient wave could be dated back to before the last
glacial maximum (LGM; 26,500-19,000 ya), when some
archaic hunter-gathers like Denisovans, Neanderthals,
ancient Siberians met on the plateau and formed an ar-
chaic group known as SUNDer, as a result of admixtures
among Siberians, an Unknown archaic group, Neander-
thals, and Denisovans. The later admixture occurred in
post-LGM between SUNDer’s descendants and lowland
modern human groups represented by Han Chinese,
which contribute to the majority of the ancestry of the
present-day Tibetans.
Mongolians are another important ethnic group that

has been used in inferring EA population history. Lo-
cated in central and northern China, southern Russia,
and other neighboring countries, Mongolians play a piv-
otal role in shaping the culture and genetic makeup of
modern Eurasia along with the Mongolian Empire ex-
pansion in the thirteenth century based on mtDNA and
Y chromosome data [29, 30]. Genome-wide data further
uncover gene flow from Europeans to Mongolians, not-
ing that Mongolian have ~ 10% European ancestry [31].
Contemporary Mongolian populations can be divided
into six distinct tribes, namely, the Abaga, Khalkha,
Oirat, Buryat, Sonid and Horchin, based on geographical
distribution. Oirat has the highest genetic diversity
among the tribes, possibly due to the forming of a rela-
tively small and isolated population during its history.
Buryat is the most differentiated group from other EA
populations, while Horchin is the least. It has been esti-
mated that the divergence time between Mongolian and
other EA populations is around 13,000 to 7000 ya except
for Horchin in around 4500 ya [32]. The divergence time

between Oirat and Horchin is around 7000–5500 ya, while
Buryat separated from the remaining Mongolian groups
4000–2000 ya. Another Mongolian group are the Deedu
Mongolians, who migrated from the Mongolian steppes to
the Qinghai-Tibetan Plateau and shared adaptive genes
with Tibetan such as EPAS1, PKLR, and CYP2E1 [33].
This group comprises more Tibetan components (about
52%) and less Mongolian components (about 44%) than
the other Mongolian group like Buryat (75% Mongolian
component and 25% EA component). Studies on the
Mongolian population could provide valuable insights into
the admixture between East and West Asian and genetic
adaptation to extreme environments.
Most of the genetic variations among populations of

non-European ancestry are enigmatic, which may affect
both disease prediction and treatment efficacy. Moreover,
the unique genetic mosaic of minority populations, like the
SUNDer in Tibetan’s genome, is the distinguished material
that has been to comprehend the function and phenotypic
effect of selected variations, bypassing genome-wide associ-
ation studies (GWAS) or traditional laboratory research.
Therefore, in the future, it is essential that more data could
be collected to better understanding the genetic structure
of human populations.

Relationship and origin of EA groups
In the previous section, although we discussed the gen-
etic pictures of three EA groups separately, no geo-
graphic region can be regarded as isolated in human
population history, especially in terms of migration and
admixture that form the basal genetic materials of
present-day EA [6]. Therefore, we further discuss the
origin and relationship of the EA populations.
Based on mtDNA, NRY, whole-genome sequencing

data and recent ancient DNA data, the common ances-
tor in EA is characterized as two layers of ancestry: pre-
Neolithic hunter-gatherers as the first layer and northern
East Asians since Early Neolithic as the second layer [6,
18, 34]. The two layers of ancestry admixture contribute
to the basal genetic architecture of present-day EAs,
while subsequent regional migration and admixture
introduce additional genetic variations among the EA
populations. The most pronounced distinction is the
north-to-south cline of genetic patterns among EA, i.e.,
the haplotype diversity is strongly correlated with lati-
tude. This pattern is confirmed by studies on mtDNA, Y
chromosome, and autosomal variations [3, 6, 8], and a
recent study further proved that the south-to-north div-
ision could be traced back to Early Neolithic, more than
7500 ya [34]. Intuitively, it raises the question of whether
the early migration route occurred in the north-to-south
direction or the opposite? The findings of research in-
vestigations on mtDNA and NRY haplogroups have
remained controversial. However, the HUGO-PanAsia
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study has provided compelling evidence for a south-to-
north direction of EA population spread, including a
higher haplotype diversity in the south and higher pro-
portion of Southeast Asian haplotype that shared among
EAs, coupled with a maximum-likelihood tree and
phylogenetic reconstruction using group private haplo-
types analysis, which all pointed to south-to-north mi-
gration events and unified the field [3, 6].
These ancestries mixed in EA compose the embryonic

gene pool of present EA continent populations, while
later migration and human expansion events have built
neighboring Japanese and the Korean populations. Based
on genetic differentiation (FST) and effective population
size (Ne) inferred from the modern genome data, re-
searchers estimate the divergence time between present-
day Han Chinese and Japanese to be ~ 3600-3000 ya,
and the divergence time between Han Chinese and Ko-
rean as ~ 1200 ya while Japanese and Korean separated
~ 1400 ya [10]. Subsequent gene flows among the three
populations after divergence can be determined by F-
statistics and D-statistics. For example, based on a F3
test, gene flow occurred from Chinese and Japanese to
Korean and between Han and Japanese populations.
These admixtures partly attenuate the population differ-
entiation and homogenize the groups.
Except for admixture among local EA populations,

gene flow from other regions outside EA, such as west-
ern Eurasian and South Asia, also made crucial contribu-
tions to the EA populations. A research based on D-
statistics showed west-to-east cline genetic pattern
among Han Chinese, indicating continuous admixing
source from West Eurasian in the northwestern prov-
inces of China [23]. Similarly, another D-statistics based
study unearthed that the Ainus share ancestry with
northeast Siberians [17]. Taken together, these findings
facilitate our understanding of present-day population
genetic structures and relationships.

Evolutionary forces driving genetic diversity of EA
populations
Mutation, genetic admixture, genetic drift and natural se-
lection are noted as major driving forces that contribute
to the genetic diversity among populations. Because new
mutations rarely play a major role in the evolution of gen-
etic diversity in human populations, which is particularly
true in closely related EA populations, we mainly focused
on the latter three mechanisms and illustrate their roles in
forming the genetic diversity of present-day EAs.

Genetic admixture
As earlier discussed, ancient migration and admixture
shaped the basal gene pool of EAs, and subsequent ad-
mixture events among the groups are expected to reduce
the genetic differentiation between the three ethnic

groups. Conversely, regional gene flow from surrounding
populations and different proportions of migration can
accentuate the population diversity. For instance, al-
though with a common ancestor, pairwise FST between
Han Chinese and Japanese and that between Han
Chinese and Korean are both greater than that be-
tween north and south Hans [10]. Other population
analyses, such as K-mean, STRUCTURE, and principal
component analysis (PCA), can also distinguish Han
Chinese, Korean, and Japanese as three distinct groups
[3, 18]. The population structure is mostly related to
the different proportions of gene flow sources to these
populations. It has been reported that the major source of
gene flow to Han Chinese was from southern ethnic
groups, the major source of gene flow to Japanese was
from southern islands, while the major source to Koreans
were from both mainland and islands [10]. Moreover,
Koreans received more gene flow from the Chinese while
the Japanese show a closer genetic relationship with
Koreans. Therefore, those admixture events contribute to
further genetic diversity of the three groups.
Another case is the Sherpa, an indigenous population

in the Qinghai-Tibet Plateau. The Sherpa were once
regarded as one of the ancestral sources of the Tibetans
[35]. However, recent analyses revealed that Sherpas re-
ceived higher levels of South Asian ancestry while Ti-
betans showed a higher proportion of EA and Central
Asian ancestries, which rejected the hypothesis and sug-
gested a demographic model with multiple waves of mi-
gration and admixture [36].
Except for continental populations, gene flow also con-

tributes to the genetic diversity of archipelagic populations.
As we have discussed above, both PCA and genetic cluster-
ing analysis show that Ainu people are genetically heteroge-
neous and even form a few distinct clusters. The long-term
admixture between Ainu and mainland Japanese accounts
for its genetic diversity [11, 15, 17].
In conclusion, these studies demonstrate that gene

flow and admixture from surrounding groups contribute
to the genetic diversity of populations. Moreover, be-
cause admixture can rapidly change the gene pool in
one generation and introduce novel genetic materials for
adaptation, it serves as the principle driving force that
causes and retains genetic diversity and is also a crucial
element for inferring human evolutionary genetics.

Genetic drift
After ancient migration and admixture shaped the basal
genetic pool for EA, genetic drift plays an indispensable
role in generating genetic diversity among regional sub-
populations, especially in the archipelago. Population
structure-based studies, including ADMIXTURE and
PCA, showed genetic diversity among Ryukyuan sub-
populations, while the D-statistics did not significantly
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depart from zero, which suggests that genetic drift plays
a predominant role in shaping the genetic structure
among Ryukyu landers [14]. It has been reported that
the EA groups have a similar but not identical demo-
graphical history. For instance, although they all under-
went strong population expansion about 20,000 ya, Han
Chinese has greater Ne than the Japanese and the
Koreans. Whereas, the Korean population expanded fas-
ter than the Japanese in the last thousands of years [10].
These uneven rates of population expansion may
strengthen the genetic drift in archipelagos and penin-
sulas, which is expected to increase population genetic
diversity.

Natural selection
After the population settles down in a particular place
with a certain environment, natural selection might play
an important role in driving population differentiation,
especially when mutation is rare and genetic drift is
weak in large populations. Previous studies have shown
that some genes are associated with adaptation in EA
which also results in genetic differentiation between EA
and other non-EA populations. These EA-specific genes
include EDAR (ectodysplasin A receptor), FADS (fatty
acid desaturase), OCA2 and ADH (Alcohol dehydrogen-
ase) gene [22, 37–39]. EDAR has a variety of pleiotropic
effects, including sweat gland density, incisor shoveling,
and mammary gland ductal branching. A nonsynon-
ymous V370A mutation in the EDAR gene has been re-
ported to have elevated derived allele frequency in
North and East Asians and associate with “East Asian
phenotypes. Further studies have confirmed the EDAR
gene harbors a strong selective sweep signal that is asso-
ciated with an increase in the number of active eccrine
glands during the LGM. FADS genes encode rate-
limiting enzymes for the biosynthesis of long-chain fatty
acids and underwent positive selection in multiple popu-
lations, including EA [22, 23]. A recent study on the
high-altitude environment of the Beringia proposed an
alternative hypothesis that the selective context for
EDARV370A acted on the allele’s effect of increasing
ductal branching in the mammary gland instead of sweat
gland density in EA populations and this intertwined
with selection on the FADS gene [40]. Under the condi-
tion of extremely low UV radiation during LGM, people
in Arctic Beringia may experience vitamin D deficiency,
which leads to reduced absorption of calcium, and com-
promised immunological and adipose tissue function.
However, the selected FADS genes help modulate the
relative proportion of long-chain polyunsaturated fatty
acids during breast milk synthesis under low-vitamin D
condition. In contrast, vitamin D deficiency is relevant
to an increase in mammary ductal branching during the
hormone-induced stages of breast development, which is

established via the NF-κB signaling pathway and that is
activated by EDAR. In conclusion, selection for polymor-
phisms in the FADS gene cluster and for EDARV370A
may result from the intertwined advantage in transmit-
ting nutrients from mother to infant through breast milk
in the low UV environment. The ADH gene has three
subtypes, ADH1A, ADH1B, and ADH1C. An ADH1B
Arg47His variant increases the alcohol metabolism rates
and is predominant in EAs but rare in Europeans and
Africans. The positive selection signal and culture-
related selective forces on this gene have been proposed.
Further population studies elucidated an east-to-west
cline (98.5% in southeastern China, 60–70% in western
China) in the allele frequency distribution in EAs with a
relatively low frequency in Sherpa and Tibetan (10–20%)
[38]. Molecular dating suggests the emergence time of
the allele was about 10,000–7000 ya and the spread of
ADH1B Arg47His was possibly correlated to rice domes-
tication in China, resulting in the disparity in allele fre-
quency among populations.
Except for the shared adaptive genes, selection also

contributes to the genetic differentiation among closely re-
lated populations. We have reviewed the genetic diversity
between Sherpas and Tibetans resulted from admixture
and migration; however, natural selection also imparted
an effect. Although Sherpas and Tibetans shared some
plateau adaptive genes including EPAS1, EGLN1, and
TMEM247, some genes were specifically underlying nat-
ural selection in Sherpa, such as ALDH3A1, ANGPT1, and
OXR1 [36, 41]. These genes are related to adaptation to
hypoxia and high levels of ultraviolet radiation environ-
ment shared between Sherpas and Tibetans. Nevertheless,
the difference in allele frequency between these two high-
land groups has proven that selection contributes to popu-
lation genetic differences.
Overall, selection and adaptation are complex processes

that yield different consequences in the population gen-
ome, which may increase or decrease the genetic diversity.

Perspectives
The increasing availability of data, especially whole-
genome data, largely facilitates our understanding of the
genetic mechanisms and evolutionary history of EAs
(Table 1). Although we can now decipher a sketch of EA
evolutionary history, the definitive genetic relationship
and evolutionary processes among the subpopulations in
EA remain unclear. Findings have been reported that
soft selective sweeps on standing variants with higher
fixation probability and faster adaptation rate comprised
about 92.2% of all human sweep signatures [52–54].
Most novel and rare variants can only be detected in re-
gional populations. For example, utilizing the rare and
low-frequency variants associated with height in the
Japanese, researchers have reported 573 height-associated
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variants and two novel height-associated genes [55]. The
rarer variants tend to have height raising effects, suggest-
ing negative selection on height-increasing alleles in the
Japanese, which is contrary to the findings in European,
showing that rarer variants have height-decreasing effects.
This finding calls for additional researches in subpopula-
tions to better fathom the evolutionary process or even
envisage the future evolutionary direction, we are obliged
to place more effort on related studies.
Another gap lies on studies of the structural variations

(SVs) of human populations. The history of study of
structural variants can be traced back to the early twenti-
eth century. Current studies have mostly focused on varia-
tions such as SNPs and microsatellites in the scope [56].
Recent advances in high-throughput next-generation se-
quencing and the third-generation sequencing open a new
window to study the role of SVs in human adaptation and
evolution. For instance, using a high-quality Tibetan gen-
ome (ZF1), researchers revealed a 163-bp intronic deletion
in the MKL1 gene that is associated with lower systolic
pulmonary arterial pressure, which is a crucial adaptive
trait in Tibetans [51]. As many more high-quality genome
assemblies are available, we expect that a more compre-
hensive picture of SVs at both individual and population
levels will be constructed.
The biological meaning of human genome sequence

remains at its infancy. The functions and phenotypic ef-
fects of the majority of our genome are unknown. There
are three typical approaches to understand the biological
meaning of our genome sequence: i) medical studies
start from a certain phenotype (or disease) and aim to

identify the corresponding genotype; ii) model-
organism-based experimental studies starting from a
gene by knocking in/out some sequences to observe its
molecular function or phenotypic effects; and iii) evolu-
tionary studies evaluate functional importance of many
variants in parallel across the genome by estimating their
conservation or adaptive potential.
The medical approach relies on phenotypes observed,

and results are usually inconsistent among different
studies due to poor phenotyping; experimental ap-
proaches are expensive, inefficient and can only be done
in non-human organisms. Evolutionary analysis of di-
verse populations is equivalent to doing direct knock-in/
out studies (actually occurred in nature) in human ge-
nomes, thus is an economic and efficient way to under-
stand biological meaning of our genome sequence. For
instance, by whole-genome sequencing 1055 healthy
Korean individuals, the Korean Variant Archive database
has reported 293,049 variants, of which 88,047 (30%)
variants are novel compared with the dbSNP database
[57]. Functional assessment of the non-synonymous var-
iants supported the purifying selection signal in Koreans
and a list of rare functional variants have been reported
to be associated with increased cancer susceptibility,
which could inspire subsequent biomedical research.
Moreover, comprehensive studies on population gen-

etics also facilitate our understanding of biological
meaning of our genome data, especially in the GWAS.
First of all, population stratification is a significant con-
founding factor in GWAS. Researchers have uncovered
that the genetic differentiation among the Han Chinese,

Table 1 A summary of recent studies on EA populations

Population Ethnic Group Data Reference

Japanese Mainland Japanese, Ainu and Ryukyuan MtDNA and Y chromosome [16]

Microarray genotyping [10, 11, 14, 15, 17, 39]

Whole-genome sequencing [13, 42]

Korean MtDNA and Y chromosome [21]

Genotyping [10, 19, 43]

Whole-genome sequencing [18, 44]

Chinese Han Chinese MtDNA and Y chromosome [4, 7, 45]

Microarray genotyping [3, 10]

Whole-genome sequencing [23, 46–48]

Tibetan and Sherpa Microarray genotyping [35, 36, 41, 49]

Whole-genome sequencing [27, 36, 50]

Third-generation sequencing [51]

Uyghur MtDNA and Y chromosome [24, 25]

Microarray genotyping [26]

Mongolian MtDNA and Y chromosome [29, 30]

Microarray genotyping [31]

Whole-genome sequencing [32, 33]
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although very small (FST = 0.0002–0.0009), is sufficient
to induce an inflated false-positive rate with a moderate
sample size [22]. The problem of missing heritability also
hinders our interpretation of GWAS results, which are
based on the assumption of common disease/common
variants hypothesis [58]. To better explain the genotype-
phenotype relationships, we need more lower-frequency
variants that may contribute to an extensive fraction of
the heritability of common diseases.
There is thus a need for additional studies that focus

on under-investigated indigenous populations, such as
people living in tropical forest and highland in EA and
Southeast Asia, whose genomes harbor an enormous
number of variants that might not have been observed
in earlier population studies, especially those of Euro-
pean ancestry.

Conclusion
Previous studies have taken advantage of population
genetic data, especially whole-genome sequence data to
illuminate the evolutionary history of EA populations. In
this review, we summarize recent researches and focus
on novel evolutionary insights on three EA groups,
namely, Chinese, Japanese and Korean, and illuminate
how a wide range of evolutionary forces including mi-
gration, admixture, genetic drift and natural selection
form the populations while driving population diversity.
Finally, we anticipate additional investigations on under-
researched indigenous minor populations as well as fine
maps of high-quality sequence data to resolve the gen-
etic structure of human genetics.
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