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The utilization of the ancestry informative markers to disclose the ancestral composition
of a certain population and explore the genetic affinities between diverse populations
is beneficial to inferring the biogeographic ancestry of unknown individuals and
assisting in case detection, as well as avoiding the impacts of population stratification
during genome-wide association analysis studies. In the present study, we applied
an in-house ancestry informative deletion/insertion polymorphic multiplex amplification
system to investigate the ancestral compositions of the Beijing Han population and
analyze the genetic relationships between the Beijing Han population and 31 global
reference populations. The results demonstrated that 32 loci of this self-developed panel
containing 39 loci significantly contributed to the inference of genetic information for the
Beijing Han population. The results of multiple population genetics statistical analyses
indicated that the ancestral component and genetic architecture of the Beijing Han
population were analogous to the reference East Asian populations, and that the Beijing
Han population was genetically close to the reference East Asian populations.

Keywords: deletion/insertion polymorphism, genetic characteristic, population structure, genetic relationship,
Beijing Han nationality

INTRODUCTION

In recent years, ancestry informative markers (AIMs) have caught the interest of scholars in
population genetics, forensic genetics, and other fields. The analysis of AIMs enables the inference
of possible biogeographic ancestral origin in unknown individual and the assessment of percentage
composition of ancestral information component in an admixed population or individual
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(Enoch et al., 2006; Kersbergen et al., 2009; Wang H. Y.
et al., 2021). Correctly classifying unknown individuals into
appropriate populations by identifying the population structure
is a very effective means of inferring biogeographic ancestry and
characterizing the phenotype, which can provide directional clue
for case detection and narrow the scope of criminal investigation,
as well as rectify the impact of population stratification on
genome-wide association studies (GWAS) (Galanter et al.,
2012; Freire-Aradas et al., 2014; Qin et al., 2014; Chen et al.,
2021).

The allele frequencies of single nucleotide polymorphisms
(SNPs), deletion/insertion polymorphisms (DIPs), and other
genetic markers have significant population differences and show
different distribution characteristics in different ethnic groups
as well as geographic regions, which means that they can be
used as AIMs (Guo et al., 2021; Jin et al., 2022). Presently,
AIM-SNPs are widely used in the field of ancestry inference,
but there are still limitations (Yahya et al., 2020). Compared
with SNPs, the DIPs exhibit fragment length polymorphisms,
and the genotyping data are easy to detect and analyze, which
are suitable for promotion in primary laboratories. DIPs are
valuable genetic markers for forensic science and have an
important role in forensic individual identification, parentage
testing, and biogeographic ancestry inference (Pereira et al.,
2012; Romanini et al., 2015; Xie et al., 2020; Fan et al.,
2021).

The Han Chinese is the main nationality of China and the
most populous ethnic group in the world. The distributions
of the Han nationality in China were characterized by dense
regions in the east and sparse regions in the west. Beijing
is situated in the northern part of the North China Plain,
adjoining Tianjin city in the east and Hebei province in
the rest. It is the capital of China, a world-famous ancient
metropolis and a modern international city. Beijing has a
long history and is one of the four ancient capitals of China,
with many famous heritage sites. The discovery of the Peking
Man site in the Zhoukoudian area of Beijing is crucial to
the investigation of the history of ancient human evolution
and provides reliable evidence for the exploration of human
origins1.

The exploration of the genetic background of Han Chinese
in Beijing based on ancestry informative deletion/insertion
polymorphisms (AIDIPs) is of great significance. However,
there were few studies to explore the genetic background
of the Beijing Han population by a set of AIDIPs. Our
laboratory pre-screened 39 highly polymorphic AIDIPs suitable
for the Chinese populations and successfully constructed
a multiplex amplification system based on the platform
of capillary electrophoresis, which could predict ancestry
components for individuals from three diverse biogeographic
zones (East Asia, Europe, and Africa) (Lan et al., 2019;
Zhang X. et al., 2021). In this study, a sample of 299
individuals of Beijing Han population was gathered to further
evaluate the efficacy of the panel for forensic applications,
and the genetic relationships between the Beijing Han and 31

1https://www.britannica.com/topic/Peking-man

worldwide reference populations were revealed using a variety
of statistical analyses to probe the genetic structures of the
Beijing Han population.

MATERIALS AND METHODS

Sample Information and Reference
Populations
Bloodstain samples were gathered from 299 unrelated healthy
Han Chinese individuals living in Beijing, China, besides,
all volunteers signed the informed consent documents before
sample collections and declared that they were unrelated within
three generations. The study was authorized by the ethics
committee of Xi’an Jiaotong University (No. XJTULAC201),
and the sample collection procedure was in accordance with
the requirements of medical research. The 26 intercontinental
populations from the International 1,000 Genomes Project
Phase III and five previously reported populations were used
as reference populations to investigate the genetic relationships
between the Beijing Han population and these 31 reference
populations (Auton et al., 2015; Jin et al., 2020; Xie et al.,
2020; Zhang X. et al., 2021). Among these 39 AIDIP loci,
genetic data for locus rs3034941 were not obtainable from the
1,000 Genomes Project Phase III, so this locus was excluded
from the subsequent interpopulation genetic comparison study.
The detailed information including the abbreviations and
geographical positions of these continental populations was given
in Supplementary Table 1.

PCR Amplification and AIDIP Genotyping
Without extraction of genomic DNA, bloodstain samples
of 299 individuals from the Beijing Han population were
directly amplified through the multiplex amplification system
constructed in our lab (Lan et al., 2019). The multiplex PCR
amplification of 39 AIDIPs was conducted in the Beijing Han
population on the GeneAmp PCR System 9700 Thermal Cycler
(Applied Biosystems, Foster City, CA, United States) with final
reaction volume and thermal cycling condition in line with
former research (Lan et al., 2019). The ABI 3500xL Genetic
Analyzer (Applied Biosystem, Foster City, CA, United States)
was utilized to isolate and analyze the above PCR products
by capillary electrophoresis. Subsequently, the 39 AIDIPs were
genotyped by the GeneMapper ID-X v1.5 program (Applied
Biosystem, Foster City, CA, United States). Throughout the
whole experiment, the DNA F312 and nuclear-free water were
utilized as positive control and negative control, respectively.

Statistical Analysis
STRAF v1.0.5 tool was employed to carry out the Hardy-
Weinberg equilibrium (HWE) tests for 39 AIDIPs, linkage
disequilibrium (LD) analyses for pairwise AIDIPs, allele
frequencies of 39 AIDIPs, and forensic parameters including the
polymorphism information content (PIC), match probability
(MP), power of discrimination (PD), probability of exclusion
(PE), typical paternity index (TPI), expected heterozygosity
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(He), observed heterozygosity (Ho) of 39 AIDIPs in the Beijing
Han population (Gouy and Zieger, 2017). Corrections for
HWE and LD tests were performed according to Bonferroni
statistical tests, and the obtained results of allele frequencies
and forensic parameters of 39 AIDIPs were visualized in the
circle diagram through R v4.1.2 software (Goeman and Solari,
2014). Based on the 38 overlapped AIDIPs, the locus-by-locus
analyses of molecular variance (AMOVA) between the Beijing
Han population and 31 reference populations, and pairwise
fixation index (FST) values of the 32 worldwide populations were
worked out through the Arlequin software v3.5 (Excoffier and
Lischer, 2010). The Nei’s genetic distances (DA distances) of
pairwise populations derived from the 38 overlapped AIDIPs
were assessed by the DISPAN program and the phylogenetic
tree was constructed by MEGA software v10.2.5 based on the
obtained DA distances (Tateno et al., 1982; Nei et al., 1983;
Kumar et al., 2018). The heat maps of insertion allele frequencies,
pairwise FST values and DA distances of 38 AIDIPs in the 32
populations were constructed by R v4.1.2 software and TBtools
software, respectively (Chen et al., 2020). Furthermore, principal
component analysis (PCA), the cos2 values of 38 overlapped
AIDIPs, and multidimensional scaling (MDS) analysis derived
from pairwise FST values between the Beijing Han population
and 31 reference populations were also carried out by R v4.1.2
software. STRUCTURE program v2.3.4 was applied to conduct
population genetic structure analysis (Evanno et al., 2005).
The number of iterations and the hypothetical ancestry cluster
(K) values were set at 15, and 2 to 7, respectively. The results
obtained from STRUCTURE software v2.3.4 were uploaded to
the online tool Structure Harvester to measure the optimal K
value (Earl and Vonholdt, 2012). The CLUMPP software v1.1.2
was used to assess the average Q-matrices for the above 15
iterations (Jakobsson and Rosenberg, 2007). And the evaluated
ancestry compositions of 4,391 individuals and 32 populations
were visualized by the Distruct software v1.1, respectively
(Rosenberg, 2004). The cross-validation estimation success ratios
and informativeness for assignment (In) values were carried out
by the online website, which was named snipper 2.5 app suite2.
Specifically, the population-specific divergence (PSD) value
obtained from the snipper 2.5 app suite multiplied by 0.693 is the
In value (Rosenberg et al., 2003, 2005).

RESULTS

HWE Tests and LD Analyses of 39 AIDIPs
in the Beijing Han Population
The P values of HWE tests of 39 AIDIPs in the Beijing Han
population were presented in Supplementary Table 2. After the
Bonferroni correction (P = 0.05/39 = 0.0013), no significant
deviation from HWE was obtained in all the 39 AIDIPs in the
Beijing Han population. The results of pairwise LD analyses of
39 AIDIPs in the Beijing Han population were manifested in
Supplementary Table 3. After applying the multiple corrections
(P = 0.05/741 = 0.00006748), all pairwise loci apart from one pair

2http://mathgene.usc.es/snipper/index.php

(rs3033760 and rs36038238) were observed to conform to linkage
equilibrium in the Beijing Han population.

Allele Frequencies and Forensic
Parameters of 39 AIDIPs in the Beijing
Han Population
The allele frequencies and forensic parameters of 39 AIDIPs in
the Beijing Han population were exhibited in Supplementary
Table 2 and visualized by the circle diagram in Figure 1. As shown
in Figure 1, the outermost circle represented the chromosomes
on which these 39 AIDIPs were distributed, and the inner circles
from the outside to the inside represented heat maps of insertion
allele frequencies, deletion allele frequencies, scatter plots of PIC
values (red points for values higher than 0.25 and black points
for values lower than 0.25), histograms of MP, PD, PE, and TPI
values, and network plots of He and Ho values, respectively. In
the Beijing Han population, the insertion allele frequencies of 39
AIDIPs varied from 0.0017 (rs5896844) to 0.9799 (rs146391383),
and the deletion allele frequencies of 39 AIDIPs ranged from
0.0201 (rs146391383) to 0.9983 (rs5896844). The values of PIC,
PM, PD, PE, TPI, He and Ho of 39 AIDIPs in the Beijing
Han population spanned from 0.0033 (rs5896844) to 0.3747
(rs3839348); 0.3599 (rs3839348) to 0.9933 (rs5896844); 0.0067
(rs5896844) to 0.6401 (rs3839348); 0.00001 (rs5896844) to 0.2041
(rs5788207); 0.5017 (rs5896844) to 1.0382 (rs5788207); 0.0033
(rs5896844) to 0.5003 (rs3839348); and 0.0033 (rs5896844) to
0.5184 (rs5788207), respectively. Since a pair of loci, rs3033760
and rs36038238, couldn’t be considered independent in the
Beijing Han population based on the outcome of the LD analyses,
38 AIDIPs (except for the rs3033760 loci) were utilized to
calculate the cumulative power of discrimination (CPD) and
the combined probability of exclusion (CPE) values according
to relevant formulae. The obtained CPD and CPE values of 38
AIDIPs in the Beijing Han population were 0.999999999961369
and 0.9747, respectively.

Interpopulation Genetic Differentiations
Among the Beijing Han Population and
31 Reference Populations
The insertion allele frequencies based on the 38 AIDIPs among
the Beijing Han population and 31 reference populations
were displayed in Supplementary Table 4, and to better
visualize the allele frequency distributions of the 38 AIDIPs
in the 32 populations, the figure of heat map and cluster
analysis derived from the above insertion allele frequencies
of 38 AIDIPs was drawn. And as shown in Figure 2, the
38 AIDIPs were divided into four branches and demoed
different allele frequency distributions among the Beijing Han
population and five intercontinental populations. The rs3029066,
rs5891435, rs10569275, rs3830479, rs3216799, and rs5896844
loci exhibited relatively high insertion allele frequencies but the
rs2307783, rs3840222, and rs34921138 loci manifested relatively
low insertion allele frequencies in the African populations.
The rs3831885 locus showed relatively small insertion allele
frequencies while the rs4647655, rs10555216, and rs36038238 loci
presented large insertion allele frequencies in the Beijing Han
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FIGURE 1 | The circle diagram of the chromosome distribution positions, allele frequencies and forensic parameters of the 39 AIDIPs in the Beijing Han population.
The inner circles from the outside to the inside represented insertion allele frequencies, deletion allele frequencies, PIC, MP, PD, PE, and TPI, He and Ho values,
respectively.

population and other East Asian populations. The rs34477782
and rs35434967 loci appeared relatively low insertion allele
frequencies but the rs3028822 locus conveyed relatively high
insertion allele frequencies in the European populations.
Furthermore, the 32 populations were classified into four
branches, where the Beijing Han population and nine East Asian
populations gathered together; five South Asian populations and
one East Asian population (CHU) and two American populations
(MXL and PEL) grouped together; five European populations
and other two American populations (CLM and PUR) clustered
together; and seven African populations converged together.

The locus-by-locus P values computed through the AMOVA
method were presented in Supplementary Table 5, and the
significance level was modified to 0.0013 (P = 0.05/39 = 0.0013)
after Bonferroni correction. The Beijing Han population
manifested the numbers of significant difference loci with East
Asian populations at 0–31. Specifically, there was no statistically
significant difference between the Beijing Han population and
the Shaanxi Han population. Additionally, regarding the pairwise
population comparisons between the Beijing Han population and
the remaining populations, the significant difference loci were

30–33 in five populations from Europe, 22–33 in four populations
from America, 27–33 in five populations from South Asia, and
29–36 in seven populations from Africa.

Comparisons of Population Genetic
Differences and Phylogenetic Tree
Among the Beijing Han Population and
31 Reference Populations
The pairwise FST values and DA distances among the Beijing Han
population and 31 global reference populations were calculated
and the outcomes were exhibited in Supplementary Tables 6, 7,
respectively. Moreover, two heat maps on the basis of the
pairwise FST values and DA distances were intuitively presented
by different colors in Figures 3A,B, respectively. The Beijing
Han population showed the smallest FST value with the Shaanxi
Han population (0.0006), followed by the Qinghai Tibetan group
(0.0096) and Tibet Tibetan group (0.0169). And the largest FST
value was found between the Beijing Han population and LWK
(0.4248), then came with the GWD (0.4219), YRI (0.4195), and
ESN (0.4154). In the meanwhile, the pairwise DA distances
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FIGURE 2 | The heat map of insertion allele frequencies of 38 AIDIPs among the Beijing Han population and 31 reference populations.

among the Beijing Han population and 31 reference populations
demonstrated similar outcomes with the pairwise FST values.
The closest DA distance was between the Beijing Han population
and Shaanxi Han population (0.0007), next came the Qinghai
Tibetan group (0.0028) and Tibet Tibetan group (0.0042); while
the farthest DA distance was between the Beijing Han population
and YRI (0.1512), followed by LWK (0.1508), ESN (0.1484),
and GWD (0.1474).

To better visualize the genetic distances among the Beijing
Han population and 31 reference populations, one phylogenetic
tree on the basis of pairwise DA distances was constructed and
exhibited in Figure 4. The phylogenetic tree was divided into
two branches, and the first branch comprised two subbranches,
of which one subbranch included an American population
(CLM) and another subbranch included five South Asian
populations, two American populations (MXL and PEL), Beijing
Han population, and ten East Asian populations. The second
branch also incorporated two subbranches, one of which
contained five European populations, and the other subbranch
contained one American population (PUR) and seven African
populations. Particularly, the Beijing Han population was first
clustered with the Shaanxi Han population, then gathered with

the Qinghai Tibetan group, Tibet Tibetan group, and other
East Asian populations (except the CHU group), which further
indicated that the Beijing Han population exhibited close genetic
relationships with East Asian populations.

PCA and MDS Analyses Among the
Beijing Han Population and 31 Reference
Populations
The results of PCA analysis based on insertion allele frequencies
and allele genotyping at 38 AIDIPs in the Beijing Han population
and 31 worldwide reference populations were shown in
Figures 5A,B, respectively. In the PCA plot of 32 populations
at the population level, in where each point represented a
population, PC1 and PC2 could explain 54.11% and 27.30% of
the total variation, respectively. PC1 could distinguish Beijing
Han, reference East Asian (except the CHU group), and African
populations from other intercontinental populations, PC2
could separate European, Beijing Han, reference East Asian
(except the CHU group), and African populations from other
intercontinental populations, while the Beijing Han population
grouped with other East Asian populations. In the PCA plot
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FIGURE 3 | The heat maps of the pairwise FST values (A) and DA distances (B) among the Beijing Han populations and 31 reference populations.

of 4,391 individuals at the individual level, PC1 and PC2
accounted for 21.77% and 9.49% of the total variation. Four
clusters could be observed in general, namely the African cluster,
the American and South Asian cluster, the European cluster,
and the East Asian cluster. Moreover, individuals from the
Beijing Han almost overlapped with other individuals from
East Asia. The cos2 values of 38 AIDIPs were exhibited in
Figure 5C, with rs10580743, rs4147539, rs145119206, rs3047538,
rs3033760, and rs3842715 loci showed relatively low cos2
values and located in the innermost part of the circle. The
results of MDS analysis based on the pairwise FST values were
presented in Figure 5D, and a population distribution pattern
similar to that of PCA analysis was obtained. As shown in the
bi-dimensional scatter plot, the Beijing Han population had close
genetic relationships with other East Asian populations. Besides,
to further explore the distinguishing ability of this multiplex
amplification system between the Beijing Han population
and other 10 East Asian populations, PCA analysis on the
population level and cos2 values of these 38 AIDIPs were
conducted, and the results were presented in Supplementary
Figure 1. As illustrated in Supplementary Figure 1A, the Beijing

Han population had relatively close genetic relationships with
most East Asian populations, and except for the rs10580743,
rs3830479, rs3029066, rs2307783, and rs384275 loci, the
remaining 33 loci exhibited comparatively high cos2 values in
Supplementary Figure 1B.

Genetic Structure Analyses Among the
Beijing Han Population and 31 Reference
Populations
Population genetic structure analyses were developed to further
assess the genetic structure of the Beijing Han population,
and the findings were manifested in Figure 6, Supplementary
Figure 2, and Figure 7, respectively. The genetic structure
results in the individual level and the population level were
listed in Figure 6, Supplementary Table 8, and Supplementary
Figure 2A, respectively. The assumed numbers of subgroups
(K) were set to 2–7, and the optimum K value presented in
Supplementary Figure 3 was estimated at K = 3. The ancestry
component compositions of the Beijing Han population were
alike to the East Asian populations at K = 2–7. When K = 3,
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FIGURE 4 | The phylogenetic tree conducted on the basis of the pairwise DA distances among the Beijing Han population and 31 reference populations.

East Asian, European, and African ancestry components were
further identified, and the Beijing Han population showed the
dominant ancestry component of East Asia. The specific ancestral
compositions (K = 3) of the 32 populations were exhibited in the
column chart of Supplementary Figure 2B, and the European,
African, and East Asian ancestral components of the Beijing Han
population were 0.0233, 0.0183, 0.9585, respectively. The results
of clustering analysis (K = 3) for individual ancestry estimation
were exhibited in Figures 7A,B. Figure 7A incorporated the
Beijing Han population and three continental populations, while
Figure 7B contained the Beijing Han population and five
continental populations, and the spots representing the Beijing
Han population were mostly overlapped with those of East
Asian populations.

The In values of these 38 AIDIPs in five intercontinental
populations were presented in Supplementary Table 9 and
shown in a boxplot of Figure 8A. Two AIDIPs (rs16432
and rs3831885), one AIDIP (rs2307840) and 11 AIDIPs
(rs10569275, rs2307783, rs3029066, rs3216799, rs34921138,
rs3830479, rs3831885, rs3840222, rs5788637, rs5891435 and
rs5896844) exhibited relatively higher In values (>0.1) in East
Asian, European and African populations, respectively. The
cumulative In values derived from the data of 38 AIDIPs in 31
reference populations were 2.4896 in East Asian populations,
1.5115 in European populations, 2.8650 in African populations,
0.2800 in American populations, and 0.4118 in South Asian
populations. Cross-validations were conducted to measure
success ratios of the system in estimating the continental

population classifications, and the results were shown in
Figures 8B,C. When only three continental populations were
included, the estimation of success ratios for the East Asians,
Europeans, and Africans were 94.74%, 100%, and 99.09%,
respectively. When five continental populations were contained,
the estimation of success ratios of the East Asians, Europeans, and
Africans dropped to 81.17%, 89.86%, and 98.64%, respectively. In
addition, the classification success ratios were 82.21% for South
Asians and 53.60% for Americans. Therefore, a classification
model based on 38 AIDIPs data from the reference three
intercontinental populations (Africa, East Asia, and Europe)
was constructed, and as the results listed in Supplementary
Table 10, 299 (100%) Beijing Han individuals were categorized
into East Asians.

DISCUSSION

China is a unified multi-ethnic country, and during the long
historical development process of five thousand years, ethnic
groups have been continuously integrated and multiplied (Black
et al., 2006). The distributions of the various ethnic groups
are generally dominated by the Han nationality, forming a
situation in which the diverse ethnic groups live in mixed
communities. The Han nationality is the largest population
with a very complicated origin, and the exploration of the
origin for the Han Chinese has been the focus of attention
by anthropologists and geneticists (Wang M. et al., 2017;
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FIGURE 5 | The principal component analysis on the population level (A) and individual level (B) among the Beijing Han population and 31 reference populations; the
cos2 values of 38 AIDIPs (C); the multidimensional scaling analysis based on the pairwise FST values among the Beijing Han population and 31 reference
populations (D).

Chen et al., 2019; Li et al., 2020). The Han Chinese is a typical
agricultural nationality, and the Chinese language and Chinese
characters have played an active role in the formation of the
Han nationality. It is commonly believed that the Han nationality
originated from the Huaxia people, who were active in the
Central Plains, and that the Huaxia people continued to interact
and integrate with other ethnic groups, eventually forming the
modern Han nationality (Wang et al., 2000; Chen et al., 2009;
Zhao et al., 2015). However, the exact process and degree of
integration of the Huaxia peoples with other neighboring ethnic
groups is still not completely clear. The utilization of AIDIPs
to exploit the genetic characteristics and genetic makeups of

contemporary Han nationality is crucial for understanding its
origin and evolution.

In the current study, we employed the novel in-house
39 AIDIPs panel to explore the genetic polymorphism and
forensic efficiency of this system in the Beijing Han population.
Results showed that 39 AIDIPs were no significant HWE
deviations, and all pairwise AIDIPs were conformed to linkage
equilibrium except for one pair (rs36038238 and rs3033760) in
the Beijing Han population. In general, loci located on different
chromosomes or the same chromosome but far apart are not
linkage. The two loci, rs36038238 and rs3033760, are separated
by within 1 Mb of each other and are both located on the third
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FIGURE 6 | The result of population genetic structure analysis on the individual level among the Beijing Han population and 31 reference populations.

FIGURE 7 | Clustering analysis (K = 3) on the individual level among the Beijing Han population and three continental populations (A); clustering analysis (K = 3) on
the individual level among the Beijing Han population and five continental populations (B).

chromosome. Therefore, the presence of LD at these two loci
might be due to genetic linkage, which was also in agreement with
our earlier studies (Jin et al., 2020; Zhang W. et al., 2021; Zhang X.
et al., 2021). Since these pairwise AIDIPs could not be considered
as mutually independent loci in the Beijing Han population, only
rs36038238 loci was selected to calculate the subsequent CPD and
CPE values. The mean values of PIC, MP, PD, PE, TPI, He, and
Ho for the 39 AIDIPs in the Beijing Han population were 0.2526,
0.5547, 0.4453, 0.0898, 0.7669, 0.3122, and 0.3173, respectively.
Though these 39 AIDIPs were primarily utilized for ancestry
inference in diverse intercontinental populations, the CPD value
of these 38 AIDIPs was 0.99999999999961369, revealing that
this panel could also be used for individual identification in the

Beijing Han population. The relatively low CPE value which was
0.9747 demonstrated that this multiplex system could be adopted
as an auxiliary approach for paternity testing in the Han Chinese
population in Beijing.

For the purpose of exploring the genetic architecture of
the Beijing Han population in greater depth, we employed
31 global populations as reference populations and adopted
multiple population genetic analysis approaches based on 38
overlapped AIDIPs to explore the genetic relationships between
the Beijing Han population and the 31 reference populations.
Apart from the rs10580743, rs4147539, rs145119206, rs3047538,
rs3033760, and rs3842715 loci, the insertion allele frequencies
at the remaining AIDIPs loci were relatively significant distinct
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FIGURE 8 | The In values of 38 AIDIPs in five intercontinental populations (A); the cross-validation success ratios of three continental populations (B); the
cross-validation success ratios of five continental populations (C).

between different continents. The findings of AMOVA indicated
that the significant discrepancy loci between the Beijing Han
population and East Asian populations were the fewest, especially
the Shaanxi Han population which had no significant discrepancy
loci with the Beijing Han population. The outcomes of both
pairwise FST values and DA distances among the Beijing Han
population and 31 reference populations indicated that the
Beijing Han population had the least genetic variation with the
Shaanxi Han population, then followed by the Qinghai Tibetan
and Tibet Tibetan groups. Our findings were in agreement
with the previous results which showed that northern Han
populations were close to one another and then other East
Asian populations (Yao et al., 2004, 2021; Wang H. et al., 2017;

Song et al., 2020). Tibetans in China are mainly distributed in
the Tibet Autonomous Region, Qinghai, and Gansu provinces,
and their settlements are situated on the Tibetan Plateau, the
highest elevation on average in the world. Genetic studies of
Han nationality and Tibetan group confirmed that modern Han
Chinese and contemporary Tibetans shared the similar origins,
which would also explained the comparatively close genetic
affinities between the Beijing Han population and the two Tibetan
groups in our research (Lu et al., 2016; Wang et al., 2020; Wang
C. C. et al., 2021; Yu and Li, 2021).

And in accordance with the findings of population genetics,
that was, the genetic makeups of populations residing in different
geographic regions generally differs greatly due to their remote
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geographical distances and relatively little genetic exchanges
among populations, while populations living in the same or
neighboring areas tend to have more genetic exchanges, and
their genetic compositions were more similar (Ramachandran
et al., 2005; Jay et al., 2013). The results of phylogenetic tree
reconstruction, PCA, and MDS all revealed that the Beijing Han
population grouped with the reference East Asian populations
except the CHU group. Besides, the larger the cos2 value, that
was, the closer the AIDIP locus to the side of the ring in the PCA
plot, the greater the capability of this AIDIP locus to discriminate
between different populations and the higher their contributions.
Furthermore, the low cos2 values of rs10580743, rs4147539,
rs145119206, rs3047538, rs3033760, and rs3842715 loci were
due to the small differences in allele frequency distributions
among five intercontinental populations, which indicated that
these six AIDIPs of the 38 AIDIPs were less effective in the
ancestry inference. The outcomes of the population genetic
structure analyses also corroborated with the findings of other
cluster analyses, demonstrating that the ancestral composition
proportions of the Beijing Han population were comparable
to those of the reference East Asian populations (except the
CHU group). Besides, the K values in structure analysis refer
to the subgroups into which the hypothetical total population
can be divided. When at the optimal K value (K = 3), the
proportion of East Asian ancestral components of the Beijing Han
population was 96.99%. And the cluster analysis results illustrated
the Beijing Han individuals were overlapped with majority of
individuals from East Asia.

Moreover, In value can be used to assess the validity of locus
in differentiating across populations (Rosenberg et al., 2003,
2005). The relatively low In values of rs10580743, rs4147539,
rs145119206, rs3047538, rs3033760, and rs3842715 loci were
in line with the results of cos2 values. And the relatively low
performance loci of rs10580743 and rs4147539 were consistent
with a previous study on the Chinese Kyrgyz group (Zhang
W. et al., 2021). In the future studies of constructing new
multiplex amplification systems, we will remove AIDIPs with
low potency of ancestral inference and screen more AIDIPs
with high efficacy in East Asian populations to further exploit
the genetic structure and background of different populations
in China. Besides, this amplification system containing 38
AIDIPs was identified to vary in distinguishing populations
from five continents by assessing the In value. Specifically, the
cumulative In values were greater than 1.5 in the populations
of Africa, East Asia, and Europe, while less than 0.5 in the
populations of America and South Asia, indicating that this
panel was more effective in discriminating African, European,
and East Asian populations. The cross-validation findings of
the continental population classifications also revealed that the
African populations had the largest estimation of success ratio.
In addition, the follow-up taxonomy model based on three
continents (East Asian, European, and African) categorized
100% of all Beijing Han individuals as being of East Asian
origin, which further indicated the close genetic relationships
between the Beijing Han population and the reference East
Asian populations.

CONCLUSION

In conclusion, we employed the self-developed multiplex
amplification system containing 39 AIDIPs to further validate
the forensic efficacy of the panel in the Beijing Han population.
The ancestral components of the Beijing Han population and
genetic relationships between the Beijing Han population and
31 worldwide reference populations were also analyzed. The
acquired results showed that the Beijing Han population had
the close genetic affinities and similar ancestral components
with reference East Asian populations. Furthermore, this in-
house AIDIP panel can be used for personal identification in
the Beijing Han population and can effectively discriminate
continental populations containing African, European, and East
Asian populations.
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