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ABSTRACT

As the largest ethnic group in the world, the Han Chi-
nese population is nonetheless underrepresented
in global efforts to catalogue the genomic variabil-
ity of natural populations. Here, we developed the
PGG.Han, a population genome database to serve
as the central repository for the genomic data of the
Han Chinese Genome Initiative (Phase I). In its cur-
rent version, the PGG.Han archives whole-genome
sequences or high-density genome-wide single-
nucleotide variants (SNVs) of 114 783 Han Chinese
individuals (a.k.a. the Han100K), representing geo-
graphical sub-populations covering 33 of the 34 ad-
ministrative divisions of China, as well as Singapore.
The PGG.Han provides: (i) an interactive interface for
visualization of the fine-scale genetic structure of the
Han Chinese population; (ii) genome-wide allele fre-
quencies of hierarchical sub-populations; (iii) ances-
try inference for individual samples and controlling
population stratification based on nested ancestry
informative markers (AIMs) panels; (iv) population-
structure-aware shared control data for genotype-
phenotype association studies (e.g. GWASs) and (v)
a Han-Chinese-specific reference panel for genotype
imputation. Computational tools are implemented
into the PGG.Han, and an online user-friendly in-

terface is provided for data analysis and results
visualization. The PGG.Han database is freely ac-
cessible via http://www.pgghan.org or https://www.
hanchinesegenomes.org.

INTRODUCTION

With the continuous development and cost reduction of se-
quencing technology (1), many large-scale genome sequenc-
ing projects have been launched in Western countries to
support personalized medicine (PM), such as the UK10K
project (2), the Estonian Genome Project (EGP) (3) and the
NHLBI Trans-Omics for Precision Medicine (TOPMed)
program (4). Some genomic resources have also been cre-
ated for a few East Asian populations, including Japanese,
Korean and Vietnamese (5–8), but the Han Chinese popu-
lation has been largely underrepresented. The Han Chinese
population is the largest ethnic group in East Asia, and in
the world, comprising ∼20% of the global human popula-
tion, ∼92% of Mainland Chinese, ∼92% of Hongkongers,
∼97% of Taiwanese, ∼74% of Singaporeans, ∼23.4% of
Malaysians and ∼21.4% of the San Francisco’s population
(9). Most genetic investigations, however, have focused on
in European and African populations. For example, the
majority of the genome-wide association studies (GWASs)
have been predominantly conducted on populations with
European ancestry (2,10–13). Reference genomes of natu-
ral populations are well-established and have demonstrated
their power in disease-mapping studies for populations with

*To whom correspondence should be addressed. Tel: +86 21 549 20479; Fax: +86 21 549 20451; Email: xushua@picb.ac.cn
†The authors wish it to be known that, in their opinion, the first three authors should be regarded as Joint First Authors.
‡Senior author and leader of IT team.
§Full list of participants (collaborators) of the Han100K Initiative can be found online via http://www.pgghan.org/HCGD/about.

C© The Author(s) 2019. Published by Oxford University Press on behalf of Nucleic Acids Research.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work
is properly cited. For commercial re-use, please contact journals.permissions@oup.com

http://orcid.org/0000-0002-1975-1002
http://www.pgghan.org
https://www.hanchinesegenomes.org
http://www.pgghan.org/HCGD/about


D972 Nucleic Acids Research, 2020, Vol. 48, Database issue

European ancestry (14), but are still lacking for the Han
Chinese population. Some previous studies have also in-
cluded Han Chinese samples, although either the sam-
ple size (15–23) or the geographical coverage was limited
(24,25).

There were recently efforts attempting to analyze shal-
low (<2×) or ultra-shallow (∼0.05–0.1×) sequencing data
of 100 000 samples or more collected from resources for
other purposes, such as the data that were originally gen-
erated for Non-Invasive Prenatal Testing (NIPT), in which
a sufficient number of high-quality variants on an individ-
ual level could not be attained, thus limiting their usefulness
for population stratification/structure analysis and further
association studies (26). The overarching issue in utilizing
NIPT whole-genome sequencing data in surveys of genetic
variation at the population scale is their sparse and ultra-
shallow (∼0.05×) sequencing coverage at each sample level.
In particular, individual genotypes could not be determined
on a genome-wide level, making the data roughly equiva-
lent to the deep-sequencing of a few hundred of samples to
high coverage (30×) and thereby limiting their usefulness
for population stratification/structure analysis due to the
failure to acquire sufficient numbers of high-quality vari-
ants on an individual level. For example, it is not feasible to
investigate cryptic population structures if individual geno-
types cannot be determined on a genome-wide level. In ad-
dition, the false positive rate (FPR) of the SNP calling for
NIPT data can be very high––as much as 32%, as estimated
by a previous study (26).

Here, we developed a population genomic database spe-
cific to the Han Chinese population, namely the PGG.Han,
and constructed a reference panel of 114 783 Han Chi-
nese individuals (the Han100K), with whole-genome deep-
sequenced or high-density genome-wide single-nucleotide
variants (SNVs) genotyped or imputed. The PGG.Han has
very clear applications/functions in the practice of scien-
tific research; in particular, it provides the first and only-
available reference data for (i) a population-structure-aware
shared control for genotype–phenotype association stud-
ies (e.g. GWASs) and (ii) a Han-Chinese-specific reference
panel for genotype imputation. The PGG.Han also provides
a variety of online analysis tools, including ancestry infer-
ence, genotype imputation, and a routine GWAS pipeline.
User-friendly interfaces and online analysis reports greatly
facilitate users in the application of genomic data to evolu-
tionary and medical studies of the Han Chinese, as well as
East Asian populations.

DATA INTEGRATION

The PGG.Han archives two types of genomic data: whole-
genome sequencing data and high-density genotyping data
(Figure 1). The whole genomes of ∼12 000 Han Chinese
individuals have been sequenced using next-generation se-
quencing technology and are archived in the PGG.Han,
including three deep-sequencing datasets (∼30–80×) (n =
319) (16–17,20,22), and two low-pass sequencing datasets
(∼1.7×, n = 11 670; and ∼4×, n = 208) (18,21).

The deep-sequencing datasets (16,20) represent 28 Han
Chinese dialect groups across China. The genomes of 11 670
female Han Chinese were sequenced by the CONVERGE

Figure 1. Sketch map of data integration in the PGG.Han. Using all the
whole-genome sequencing data of the Han Chinese samples as a reference
panel, the genotype data of 102 586 samples were carefully imputed. The
imputation results and the whole-genome sequencing data were further in-
tegrated. Strict quality control was applied throughout the process. WGS,
whole-genome sequencing.

project as a control group for the investigation of major de-
pressive disorders (18). Although in a much lower coverage
(∼1.7×), this dataset provides a catalog of 25 057 223 vari-
ants for the Han Chinese population and is also included in
the PGG.Han.

The high-density genome-wide SNP data of 102 586 sam-
ples were collected from previous GWAS projects, with only
non-patient (control) data being retained. Using all the
whole-genome sequencing data of the Han Chinese samples
as reference data, the genotype data of the 102 586 samples
were carefully imputed. We then integrated these data into
a dataset and performed strict quality control (Figure 1),
including individual filtering and variant filtering. The final
dataset contains 8 056 973 genome-wide SNPs shared by all
of the 100K Han Chinese samples, of which the geographi-
cal origins are known for 56 308 of these samples.

DATABASE CONTENT

Overview

The database consists of two major functional modules: (i)
visualizing the population structure and querying allele fre-
quencies of subgroups, and (ii) online analysis tools (Figure
2). The population structure follows the visual display mode
of PGG.Population (27), including genetic affinity as mea-
sured by FST (28), genetic coordinates of populations based
on principal component analysis (PCA) (29), and ancestry
composition based on ADMIXTURE analysis (30). The
presence of population structure can lead to false positive
or false negative results in genotype–phenotype association
studies (31), but with the help of the PGG.Han data, which
contain the fine-scale genetic structure of the Han Chinese
population, this effect can be minimized or avoided as much
as possible. In order to illuminate the allele frequency infor-
mation, both tables and interactive maps are provided. It is
convenient to query the frequency distribution of each lo-
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Figure 2. Sitemap of the PGG.Han. The database consists of two major functional modules: (i) visualizing the population structure and querying allele
frequencies of subgroups (red boxes); (ii) online analysis tools (blue boxes). Each analysis tool can be used independently and combined freely. The red
arrow represents the recommended workflow. The imputation step is optional and should be contingent upon the details of the dataset of interest. AF,
allele frequency; Ref. allele, reference allele.

cus in natural populations or in genetic subgroups of the
Han Chinese. Since the PGG.Han focuses on the Han Chi-
nese population, we also provide a way to query the allele
frequency of each variant in the worldwide population by
linking to the PGG.SNV (https://www.pggsnv.org), a sister
database of the PGG.Han that provides various information
concerning single-nucleotide variants.

As a significant feature, essential computational func-
tions are embedded in the PGG.Han, including three anal-
ysis pipelines, i.e. ancestry inference, genotype imputation
and GWAS, with the shared control. It is well known that
a population-specific panel or a control dataset is essential

for improving the accuracy of imputation or GWAS results
(31,32). Accordingly, we designed and recommend the fol-
lowing workflow for analyzing the users’ data (Figure 2).
The first step is ancestry inference, which yields the genetic
background and subgroup affinity of each individual. For
Han Chinese individuals, the ancestry inference is refined
to the detailed scale of six genetic subgroups. In the second
step, users can select an ancestry-matching reference panel
for imputation based on the ancestral inference results. Fi-
nally, we provide a population-structure-aware shared con-
trol of the Han Chinese for genotype-phenotype associa-
tion studies. An online GWAS analysis task can be easily

https://www.pggsnv.org
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be submitted to the analysis platform of the PGG.Han. In
addition, each of the three modules can run independently
with a great deal of flexibility.

Visualization population structure and allele frequencies

Based on the genetic relationships among provincial pop-
ulations, six major subgroups have been identified (Sup-
plementary Figure S1): Northwest Han (NWH), North-
east Han (NEH), Central China Han (CCH), Southwest
Han (SWH), Southeast Han (SEH) and South Coast Han
(SCH). Visualization of the population structure and al-
lele frequency distribution maps are shown from two dif-
ferent perspectives, i.e. provincial populations and genetic
subgroups. The interactive page design offers a user-friendly
way to acquire information. Overall, the main difference
in the Han population is between northern and southern
subgroups, consistent with previous observations (9,33–34)
(Supplementary Figure S1), with southern subgroups ex-
hibiting greater divergence than northern subgroups.

The detailed population structures in the form of
high-quality SNV data provide researchers with helpful
panels for investigating variant allele frequencies within
Han Chinese subgroups. For example, ALDH2 is a
protein-coding gene involved in the process of alcohol
metabolism (35). rs671 is a missense variant on this gene
(NP 000681.2: p.Glu504Lys), which decreases enzyme ac-
tivity and shortens the enzyme half-life (36). This change
manifests as acute alcohol sensitivity (OMIM: 610251) and
has a high frequency among East Asian ethnic groups. In
current public datasets, the only information available is
that the frequency of the rs671 missense variant in the Han
Chinese from Beijing (CHB) is 0.160 and its frequency in
Han Chinese from South China (CHS) is 0.271 (21). The
PGG.Han, however, provides more detailed and enlight-
ening information. For example, even populations from
Guangdong and Guangxi, which are both southern Han
Chinese, have considerably different rs671 missense variant
frequencies (Guangdong: 0.291; Guangxi: 0.230). More-
over, not all northern Han Chinese subgroups have lower
frequencies than southern Han Chinese subgroups. For ex-
ample, the frequency of the rs671 missense variant in Gansu
is 0.230 and the frequency in Jilin is 0.216, while the fre-
quency in the Yunnan sub-population is 0.191. Therefore,
the PGG.Han provides a richer picture of the population
stratification and genomic diversity of the Han Chinese
population, which is essential for future evolutionary and
medical studies.

ONLINE ANALYSIS

Data upload and quality check

There are two ways to upload data to the PGG.Han. For
small datasets (<100 MB), users can upload the data di-
rectly on the Web via HTTPS protocol, while FTP is sug-
gested for uploading large datasets. The data uploaded to
the server by users are fully protected and accessible to the
user only. Users can delete their data at any time from the
server. Uploaded data will first be subjected to a quality
check. The quality check is a functional module used to de-
termine whether the input data meet the requirements for

subsequent data analyses. This module primarily consists of
data conversion, summary statistics, and routine data qual-
ity control. All data that pass the quality control check can
then be used for other analyses.

Ancestry inference

The function of ancestry inference is provided to analyze
the genetic ancestry of each individual from different per-
spectives (Supplementary Figure S2). In order to determine
the population affiliation of an individual, we use the hier-
archical clustering analysis by representative reference pop-
ulations based on nested AIMs panels (34). We also quan-
titatively estimate the proportion of each ancestral compo-
nent of each individual in the context of global populations.
Moreover, proportions of the archaic ancestry are estimated
and provided as an independent result using ADMIXTOO
LS (30). The haplogroups of mtDNA and/or the Y chro-
mosome of an individual are determined using HaploGrep2
(37,38) as well as our own self-designed algorithm (20), and
are displayed on a map with migration routes, which illu-
minate the possible genetic history of a particular individ-
ual. Furthermore, for the Han Chinese samples, we provide
more detailed ancestral inference results. For instance, for
a given Han Chinese sample, we determine which province
is its most likely geographical source. Visual charts are pro-
vided for each module.

Genotype imputation

Genotype imputation, or simply imputation in the context
of the PGG.Han database, is used to estimate the unob-
served genotypes and to replace the missing genotypes in
a given dataset. Our imputation service is designed to meet
three different requests for imputation: (i) achieving the best
imputation result for the Han population data with refer-
ence panels based on our NGS datasets of Han Chinese; (ii)
performing classical imputation tasks with public reference
panels of global populations; (iii) estimating and replacing
the missing genotypes in the data provided by users. Com-
pared with other imputation services (Supplementary Table
S1) (14,39), we provide a few more imputation tools (39–
43) to meet users’ different needs. Various reference panels
(14,18–19,21) allow users to optimize the results. Notably,
the largest reference panel of the Han Chinese population
(the Han100K) is also provided, which we suggest employ-
ing for the genotype imputation analysis of samples of Han
Chinese or East Asian origin. Output files can be down-
loaded or directly used for other analyses on our website
(Supplementary Figure S3).

GWAS

The genome-wide association study (GWAS) is an ap-
proach used to find genetic variations associated with a par-
ticular trait or disease by scanning the genome-wide genetic
markers (typically SNPs) of many samples. Here, we pro-
vide a platform for GWAS analysis, as well as the largest
scale of control data for the Han Chinese population (the
Han100K Project). Our pipeline includes data quality con-
trol procedures (Supplementary Figure S4) and implements
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two analysis modes, as provided by Plink1.9 (44), i.e. ‘linear’
or ‘logistic,’ which can be identified automatically depend-
ing on the data format of the provided phenotypes. Sum-
mary statistics of the association analysis for each site are
documented in a plain text file, which can be downloaded
by users. In addition, a Manhattan plot and an QQ-plot are
also provided in each online report (Supplementary Figure
S5).

FUTURE DIRECTIONS

In the current version, we have compiled the genome data
of >100 000 Han Chinese samples covering most geograph-
ical divisions in China, as well as Singapore. We not only
provide detailed information regarding fine-scale genetic
structure and allele frequency, but also furnish three online
analysis tools, including ancestry inference, genotype im-
putation, and population-structure-aware control data for
GWAS. We expect the PGG.Han to serve as a generally
applicable Han Chinese genome reference not only for re-
searchers specifically interested in the Han Chinese popula-
tion, but also for those in different fields who need to vali-
date their analysis in East Asian populations.

Overall, as the central repository for the genomic data of
the Han Chinese Genome Project (Phase I), the PGG.Han
will be a useful database and an efficient platform for the
practice of both evolutionary and medical studies of the
Han Chinese as well as other East Asian populations.

SUPPLEMENTARY DATA

Supplementary Data are available at NAR Online.
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