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with respect to forensic diversity measures and genetic dis-
tance between groups defined by administrative boundaries 
and ethnic origin. We observed high diversity throughout 
all Chinese provinces and ethnicities. Some ethnicities, 
including most prominently Kazakhs and Tibetans, showed 
significant genetic differentiation from the Han and other 
groups. However, differences between provinces were, 
except for those located on the Tibetan plateau, less pro-
nounced. This discrepancy is explicable by the sizeable 
presence of Han speakers, who showed high genetic homo-
geneity all across China, in nearly all studied provinces. 
Furthermore, we observed a continuous genetic North–
South gradient in the Han, confirming previous reports of a 
clinal distribution of Y chromosome variation and being in 
notable concordance with the previously observed spatial 

Abstract China has repeatedly been the subject of genetic 
studies to elucidate its prehistoric and historic demography. 
While some studies reported a genetic distinction between 
Northern and Southern Han Chinese, others showed a more 
clinal picture of small differences within China. Here, we 
investigated the distribution of Y chromosome variation 
along administrative as well as ethnic divisions in the main-
land territory of the People’s Republic of China, includ-
ing 28 administrative regions and 19 recognized Chinese 
nationalities, to assess the impact of recent demographic 
processes. To this end, we analyzed 37,994 Y chromosomal 
17-marker haplotype profiles from the YHRD database 
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distribution of autosomal variation. Our findings shed light 
on the demographic changes in China accrued by a fast-
growing and increasingly mobile population.

Introduction

Y chromosomal haplotypes consisting of short tandem 
repeats (STRs) are routinely used in forensic laboratories 
throughout the world to match male trace donors to evi-
dence or to analyze paternal genealogies (Roewer 2009). 
Calculation of a match probability requires an appropriate 
database to accurately estimate the probability of randomly 
drawing the suspect genetic profile from the population 
pool of DNA profiles (Caliebe and Krawczak 2016). Ref-
erence databases aiming to be representative for Y chro-
mosome profiles, however, need to reflect the highly non-
uniform distribution of Y-STRs as the principal marker type 
used in forensics among human world populations (Kayser 
et al. 2001; Purps et al. 2014). This stratification has been 
explained by the smaller effective population size of the 
Y chromosome compared to autosomes or the X chromo-
some, causing more rapid genetic drift. Moreover, due to 
the sex-specific inheritance pattern of the Y chromosome, 
drift can be greatly accentuated by social selection (Jobling 
2012). Recent events such as migrations, range expansions 
or colonizations in historical times affect STR-based hap-
lotypes much stronger than unique-event polymorphisms 
(SNPs), because the higher mutation rates of STRs can lead 

to high diversity of their haplotypes even among Y chromo-
somes that share a recent common ancestor. This property 
of Y-STRs has provided useful insights into the recent his-
tory of populations (Ploski et al. 2002; Weale et al. 2002; 
Xu et al. 2015; Xue et al. 2005). For example, the dissec-
tion of European Y-STR haplotypes into a Western and an 
Eastern cluster is a strong indication that territories popu-
lated by Neolithic population expansions (detectable by 
Y-SNPs) were converted into stable, delimited habitats by 
expanding populations which acquired in historical times a 
unifying language and culture (Kayser et al. 2005; Roewer 
et al. 2005). Remarkably, this Y chromosomal East–West 
gradient is in strong contrast with the North–South gradient 
that has been repeatedly observed for autosomal SNP data 
(Lao et al. 2008; Nothnagel et al. 2010; Novembre et al. 
2008), explicable by differing movement patterns between 
males and females in the past and by the differing impact of 
timescales on the population structure in these two genetic 
systems. Based on a combination of Y-STRs and SNPs, 
another study found evidence of a northeast China origin of 
the Xibe who subsequently migrated to northwestern Xinji-
ang province in the eighteenth century (Powell et al. 2007). 
Sometimes, when expansions are too recent and have been 
too fast relative to the subsequent time of habitation, the 
correlation between genetic variation on the one hand and 
geography or language on the other can virtually disappear, 
as recently shown for a large number of autochthonous 
South American populations (Roewer et al. 2013).

14 Guangzhou Forensic Science Institute, Guangzhou 510030, 
People’s Republic of China

15 School of Forensic Medicine, Kunming Medical University, 
Kunming 650500, People’s Republic of China

16 Center of Cooperative Innovation for Judicial Civilization, 
Institute of Evidence Law and Forensic Science, China 
University of Political Science and Law, Ministry 
of Education, Beijing 100088, People’s Republic of China

17 Department of Forensic Medicine, Zhongshan School 
of Medicine, Sun Yat-sen University, Guangzhou 510089, 
People’s Republic of China

18 Department of Forensic Medicine, Guangdong Medical 
University, Dongguan 523808, People’s Republic of China

19 Department of Forensic Sciences, Police Station 
of Zhengzhou, Zhengzhou, Henan 450008, People’s Republic 
of China

20 Department of Archaeogenetics, Max Planck Institute for the 
Science of Human History, Jena, Germany

21 Institute of Forensic Medicine and Laboratory Medicine, 
Jining Medical University, Jining, Shandong, People’s 
Republic of China

22 Xinxiang Medical University School of Basic Medical, 
Xinxiang, Henan 453003, People’s Republic of China

23 Institute of Forensic Science, Zhejiang Provincial Public 
Security Bureau, Hangzhou 310009, People’s Republic 
of China

24 School of Forensic Medicine, China Medical University, 
Shenyang, People’s Republic of China

25 Beijing Institute of Genomics, Chinese Academy of Sciences, 
Beijing 100101, People’s Republic of China

26 Key Laboratory of Evidence Science of Gansu 
Province, Gansu Institute of Political Science and Law, 
Lanzhou 730070, People’s Republic of China

27 School of Basic Medical Sciences, Zhengzhou University, 
Zhengzhou, Henan 450052, People’s Republic of China

28 Forensic Science Department, School of Basic Medical 
Sciences, Central South University, Changsha 410013, 
People’s Republic of China

29 Department of Pathology, Department of Surgery, 
Department of Oncology, University of Western Ontario, 
Lawson Health Research Institute, London, Canada

30 Department of Forensic Genetics, Institute of Legal Medicine 
and Forensic Sciences, Charité-Universitätsmedizin Berlin, 
Berlin, Germany



487Hum Genet (2017) 136:485–497 

1 3

A very useful resource to study Y chromosome varia-
tion is the Y chromosome haplotype reference database 
(YHRD; https://yhrd.org). This online resource was set up 
roughly 15 years ago and contributed massive amounts of 
empirical data to decipher the Y-specific population dif-
ferentiation and to quantify the impact of the latter on the 
frequency estimation process in forensics (Roewer 2016). 
China, with >41,000 haplotypes derived from local popula-
tion studies, comprises the largest national database within 
YHRD (release 52).

China, being a country of large geographic extent as 
well as of enormous cultural and demographic impact, has 
repeatedly been the subject of genetic studies to elucidate 
its prehistoric and historic demography (Chu et al. 1998; 
Piazza 1998). Many of the more contemporary studies con-
centrated on Y-linked polymorphisms (Deng et al. 2004; Li 
et al. 2007; Qi et al. 2013; Wang et al. 2012; Wang and Li 
2013; Wen et al. 2004; Xu et al. 2015), whereas others used 
large sets of autosomal single-nucleotide polymorphisms 
(Chen et al. 2009; Xu et al. 2009). While classical marker 
studies reported a genetic distinction between Northern and 
Southern China, with a boundary corresponding approxi-
mately to the Yangtze River (Chu et al. 1998; Xiao et al. 
2000), Y chromosome and also autosomal surveys could 
not find a correspondence between this geographical pat-
tern and the ethnic structure of contemporary China, 
although substantially different expansion time estimates 
were obtained for Northern and Southern populations 
(Xue et al. 2006). Wen et al. already noted similar Y hap-
logroup frequencies between Northern and Southern Han, 
being explained by a massive male-dominated movement 
of Northern Han immigrants into Southern China about 
2000 years ago (Wen et al. 2004). The population expan-
sions during the Han dynasty (206 BC–220 AD) changed 
the demography of the region dramatically and probably 
overwrote the genetic imprint of more ancient dispersals 
from Southern to Northern China (Jin and Su 2000) or via a 
northern route into China (Zhong et al. 2011).

In the present study, we aimed at assessing the effects 
of recent and ongoing demographic processes in China on 
Y chromosome variation. To this end, we analyzed those 
Chinese haplotypes submitted to YHRD where information 
on 17 commonly used Y-STR markers was available, tak-
ing advantage of the largest sample of Y chromosomes col-
lected so far. We calculated and compared forensic diversity 
indices and explored the genetic variance between prov-
inces, autonomous territories and municipalities as well 
as between ethnic groups. The question whether Chinese 
populations tend to become more similar due to a history of 
admixture in recent times or whether population differen-
tiation along geographic or ethnic boundaries is still being 
maintained is of importance not only for understanding the 

past demography of China but also for using and interpret-
ing Y-STR haplotypes in daily forensic practice.

Materials and methods

DNA samples and genotyping

A total of 37,994 unrelated males were sampled with 
informed consent from 70 distinct population groups living 
in 28 provinces, metropolitan areas and autonomous regions 
on the mainland territory of the People’s Republic of China. 
Parts of these samples had been published before (Bai et al. 
2013, 2016; Bing et al. 2013; Gao et al. 2016; Guo 2015; 
Guo et al. 2015, 2016a, b; Han et al. 2016; He and Guo 2013; 
Hu 2006; Li et al. 2016; Liu et al. 2014; Ou et al. 2015; Shan 
et al. 2014; Shang and Hu 2015; Shi et al. 2015; Wang et al. 
2015, 2016a, b, c; Wu et al. 2011; Xu et al. 2016a, b; Yang 
et al. 2014; Yao et al. 2016; Zhang et al. 2014), mostly in 
the form of announcements of population data, while the 
remaining samples have so far been unpublished. Table S1 
provides details on the origin of the samples.

Samples were subsequently typed in 22 participat-
ing laboratories and were analyzed for at least 17 Y-STRs 
(DYS19, DYS389I, DYS389II, DYS390, DYS391, 
DYS392, DYS393, DYS385a, DYS385b, DYS437, 
DYS438, DYS439, DYS448, DYS456, DYS458, DYS635, 
GATAH4) using different commercial kits (AmpFl-
STR® Yfiler® and Yfiler® Plus of Thermo Fisher Scientific 
(Waltham, USA), Powerplex®Y23 of Promega (Madison, 
USA), AGCU Y24 of AGCU ScienTech Incorporation 
(Wuxi, China) or STRtyper-27Y of Healthgene Technolo-
gies (Ningbo, China)). The PCR products were analyzed 
using capillary electrophoresis on ABI Genetic Analyzer 
instruments (Thermo Fisher Scientific), whilst the geno-
typing results were analyzed using the software GeneMap-
per® (Thermo Fisher Scientific) and alleles were identified 
by comparison with the allelic ladder provided in the kit. 
A nomenclature was used which follows the recommenda-
tions by the DNA Commission of the International Soci-
ety of Forensic Genetics (ISFG) (Gusmao et al. 2006). All 
genotypes, either published or yet unpublished, were sub-
mitted to the online Y Chromosome Haplotype Reference 
Database (YHRD; https://yhrd.org) for external review. 
After successful validation, accession numbers were issued 
and the samples were logged to the YHRD (Table S1). In 
the present study, allele designations for DYS389I and 
DYS389II refer to the repeat numbers at individual loci 
rather than the repeat numbers revealed by the multiplex 
genotyping method. The present study complies with the 
ethical principles of the 2000 Helsinki Declaration of the 
World Medical Association.

https://yhrd.org
https://yhrd.org
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Statistical analysis

Allele and haplotype frequencies were estimated by count-
ing. Following Nei (1987) and Nei and Tajima (1981), gene  
diversity (GD) and haplotype diversity (HD) were com-

puted as GD =
n

n−1

(

1−
∑

a

p
2
a

)

, where n denotes the total 

number of samples and pa the relative frequency of the 
ath allele at the locus (GD) or of the ath haplotype (HD), 
respectively. The random match probability (MP) was com-
puted as the sum of squared haplotype frequencies, whereas 
the discrimination capacity (DC) was calculated as the ratio 
of the number of different haplotypes by the total number 
of haplotypes. The R software v3.3.1 (R Core Team 2016) 
was used for statistical analysis unless indicated otherwise, 
and to create graphs.

Analysis of molecular variance (AMOVA) Genetic rela-
tionships between different groups of males were quanti-
fied by means of RST, thereby taking the evolutionary dis-
tance between individual Y-STR haplotypes into account 
(Excoffier and Smouse 1994; Excoffier et al. 1992). For a 
review of genetic population differentiation measures, see 
(Balloux and Lugon-Moulin 2002). Groups were defined 
according to province or ethnicity affiliation, respectively. 
We used Arlequin v3.5.1.2 (Excoffier and Lischer 2010) to 
estimate RST. Significance of RST > 0 was tested using ran-
domization with 1000 replicates per comparison. Samples 
carrying a deletion at one or more markers were excluded 
from the analysis of the respective marker set.

Multidimensional scaling analysis Multidimensional scal-
ing (MDS) analysis was based upon pair-wise RST between 
sampling sites as estimated with Arlequin (see above), and 
was carried out with the sammon function from the MASS 
library of R v3.3.1 (R Core Team 2016). Plots in the first 
two MDS components, C1 and C2, capturing the strongest 
and second strongest RST-defined variation, respectively, 
were generated with R using in-house scripts.

Generation of geographic maps Geographic maps were 
generated in R v3.3.1 (R Core Team 2016) using packages 
geoR v1.7-5.2 (Ribeiro Jr. and Diggle 2001), sp v1.2-3 
(Pebesma and Bivand 2005), BayesX v0.2-9 (Brezger et al. 
2005) and plotrix v3.6-3 (Lemon 2006). Geographic infor-
mation data were obtained from the GADM database of 
Global Administrative Areas (v2.8, November 2015; http://
www.gadm.org/).

Results

Sample characteristics A total of 37,994 samples from 28 
provinces, metropolitan areas and autonomous regions, 
from now on called “provinces” for brevity, of the People’s 
Republic of China were available for analysis (Fig. 1). Sam-
ple sizes showed strong variation across provinces (Table 1), 
ranging from just 62 (Ningxia) to 4699 (Zhejiang) and with 
a median (inter-quartile range) of 764.5 (425.8–2158.0). 
Our samples included members of 19 different ethnicities 
(Table 1), with Han being by far the largest group (26,338; 

Fig. 1  Size and ethnic com-
position of Chinese provincial 
sample sets. Dark gray line 
national border of the People’s 
Republic of China; light gray 
lines boundaries of provinces, 
metropolitan areas and autono-
mous regions. M Metropolitan 
area, A autonomous region. 
Colors code for the ethnicity of 
samples
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69.3%), followed by Zhuang (2687; 7.1%), Hui (1821; 
4.8%), Tibetan (1586; 4.2%), Manchu (1237; 3.3%) and 
Mongolian (928; 2.4%). All other ethnicities had a share of 
less than 2% of the total sample size. More than half of all 
ethnicities were restricted to single provinces in our sam-
ple set, with only Han (21), Hui (6), Kazakh (2), Korean 
(2), Manchu (4), Miao (2), Mongolian (2), Tibetan (3) and 
Tujia (2) being present in more than one provincial sample 
set. More information on sampling areas, YHRD accession 
number and reference of previous publication of the data, if 
applicable, is available from Table S1.

Y chromosomal diversity Mean single-marker gene diver-
sity (GD) ranged between 0.4007 (DYS391) and 0.9620 
(DYS385ab), while GD variance was of similar magnitude 
across all analyzed Chinese provinces, ranging between 
0.0126 (DYS385ab) and 0.0733 (DYS438) (Table S2). 
Haplotype diversity (HD) exceeded 0.9978 in all prov-
inces (mean ± SD 0.994 ± 0.0006), while the related 
random match probability (MP) did not exceed 0.0069 
(0.0032 ± 0.0039) in all provinces except for Ningxia and 
Jiangxi where it equaled 0.0177 and 0.0139, respectively. 
Discrimination capacity (DC), defined as the proportion 
of haplotype singletons, showed considerably more vari-
ation, ranging from 0.5367 to 1.0000 (0.8721 ± 0.1108). 
Thus, while HD and MP showed a largely uniform behav-
ior, DC varied considerably across provinces (Table S2, 
Fig. 2). However, calculations of these measures were par-
tially based upon small provincial or ethnic sample sizes 
and should, therefore, be considered with some caution. 
Very small sample sizes had a strong effect on MP and, 
to a lesser degree, on HD when performing the calcula-
tion either per province or per ethnicity (Figure S1). The 
impact of sample size was less clear for DC, with a general 
downward trend per province, but substantial variation and 
no clear trend between ethnicities (Figure S1). Restrict-
ing the analysis to each of those four ethnicities for which 
samples were available from at least three provinces (Han, 
Hui, Manchu, Tibetan) yielded considerably more variation 

across the respective provinces (Figure S2), although this 
was most likely due to the very disparate sample sizes per 
province. Bearing in mind the sparse distribution of sam-
pling sites, we refrained from performing geographical 
interpolation of diversity measures.

Genetic differentiation along administrative divisions 
(provinces) Calculation of pair-wise RST values between 
provinces based on Y chromosomal haplotypes revealed pat-
terns of partial population substructure between provinces 
(Table S3). The Qinghai and Tibet provinces, both featuring 
predominantly or even exclusively Tibetan samples, consist-
ently showed substantial differences to all other provinces, 
with RST values ranging between 0.08 and 0.28 (mean ± SD 
0.21 ± 0.06 and 0.17 ± 0.05, respectively). On the other 
hand, the Gansu province sample set, which also features 
a sizeable number of Tibetans, is dominated by members 
of the Hui, Han and Dongxiang ethnicities and, therefore, 
showed less pronounced differences to the other provinces. 
Similarly, while Kazakhs and, to a lesser degree, Uighurs 
showed substantial substructure with the Han and numerous 
other ethnicities (see below), the respective provincial sam-
ple sets contained several other ethnicities as well, thereby 
likely diluting the differentiation signal. Correspondingly, 
Qinghai and Tibet stood out from a cluster of all other prov-
inces in a multidimensional scaling (MDS) analysis of pair-
wise RST between provinces (Fig. 3a).

Genetic differentiation along ethnic divisions (ethnicities) 
Analysis of pair-wise RST values between ethnicities revealed 
a cluster of closely related ethnicities and a few more dis-
similar ones. Values for pair-wise RST ranged from 0.01 con-
tinuously to about 0.13 for a majority of ethnicities (Table 
S4), with the most notable exceptions being Kazakhs and 
Tibetans. The latter showed substantial substructure with a 
majority of the other ethnicities (RST > 0.15) and still at least 
moderate substructure with all others. To a lesser extent, Bai, 
Bonan, Dai, Dong, Dongxiang, Hani, Korean, Uighurs and 
Zhuang also showed some substructure with other ethnicities, 

0 1

A

0 1

B

0 1

C

Fig. 2  Forensic haplotype diversity measures across Chinese provinces. a Haplotype diversity (HD), b match probability (MP), c discrimination 
capacity (DC). Gray-shaded areas mark provinces without information



491Hum Genet (2017) 136:485–497 

1 3

as indicated by RST values above an (arbitrarily chosen) 
threshold of >0.05 for most ethnicity pairs. These small dif-
ferences as well as the noted exceptions are also reflected in 
the MDS plot (Fig. 3b). It should be noted, however, that for 
some ethnicities, namely Bonan, Dai and Dong, very lim-
ited sample sizes (<100; see Table 1) were available, possi-
bly having caused an upward bias in the RST estimates. Thus, 
again some caution is advised when interpreting these results.

Genetic differentiation along administrative and ethnic divi-
sions Next, we repeated some analyses while restricting 
either to a particular ethnicity, most prominently the Han due 
to their sample size and widespread occurrence across most 
Chinese provinces, or to a particular province. The Han eth-
nicity was remarkably homogeneous in their genetic variation 
across China, with none of the RST values between pairs of 
provinces exceeding 0.05 (Table S5). Fujian and Shanxi con-
sistently showed RST values with all other provinces of around 
0.031 and 0.023, respectively, whereas Zhejiang showed such 
substructure only for a subset of provinces. Accordingly, pro-
vincial populations showed little differentiation in an MDS 
plot, with the exception of Shanxi and the coastal provinces 
of Fujian and Zhejiang that were slightly detached from the 
main cluster of provinces (Fig. 4). Of the other ethnicities 
of which we had samples available from four or more prov-
inces, only the Manchu showed some substructure between 
provinces, as evidenced by RST values between 0.06 and 0.09, 
whilst Hui and Tibetans were more homogenous (RST < 0.05 
for all provincial pairs) (Table S6–8).

Given previous reports of a North–South divide in 
genetic variation in the Han, we also explored if we could 
confirm these observations with respect to Y chromosomal 
haplotypes. Remarkably, provincial latitude (Table S1) 
showed a very good correspondence to provincial posi-
tion in the MDS plot with respect to the first component, 
whereas provincial longitude showed virtually no concord-
ance at all (Fig. 5). Correspondingly, we observed a strong 
correlation of the first MDS component with provincial 
latitude (Spearman r = 0.78, p = 0.00004) and very lit-
tle with longitude (r = 0.05, p = 0.81). Notably, we did 
not observe disruptive genetic changes in the Han between 
Northern and Southern provinces, but rather small differ-
ences, as evidenced by small RST values that broadly fol-
low a North–South gradient. Interestingly, the Heilongjiang 
province, despite its somewhat remote geographic location 
in the Northeast of China, assumed a prominent central 
position next to Liaoning in the MDS plot.

We also investigated if the Han, as the most populous 
ethnicity that was present in many provincial samples, 
would show substantial differences to other ethnicities in 
some provinces. Out of 29 provincial samples, 10 (34.5%) 
featured more than one ethnicity, namely Fujian (2), Gansu 
(6), Hebei (3), Heilongjiang (2), Hunan (4), Jilin (3), Liaon-
ing (6), Qinghai (2), Xinjiang (3) and Yunnan (5) (Table 1). 
The Han showed extensive substructure with Kazakhs in 
the Gansu province (RST = 0.37), while Dong, Dongxiang, 
Hani, Miao and Tibetan showed more moderate differences 
compared to the Han (0.07 ≤ RST ≤ 0.11) (Table S9). Little 
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substructure with the Han (RST < 0.05) was observed for 
Bai, Bonan, Dai, Hui, Korean, Manchu, Mongolian, She, 
Tujia and Xibe across all provinces except for three cases 
where RST values were slightly above 0.05 (Table S9).

Discussion

In a large population genetic study of China, we investi-
gated the spatial and ethnic distribution of genetic variation 
in almost 38,000 men by use of 17 Y chromosomal STR 
markers that are commonly used in both forensic applica-
tions and population genetic studies. The large size of most 
of our provincial samples ensured that locally common 
patrilines were more comprehensively represented than in 
previous studies of often much smaller size. We could show 
that Y-STR haplotype variation is large and highly informa-
tive for forensic purposes all across China irrespective of 
the geographic or ethnic background of the studied popula-
tion. Our genetic data presented here provide basic infor-
mation on the country’s population differentiation required 
by the forensic community in China and abroad.

We observed substantial differences in the distribution 
of Y chromosomal haplotypes between some ethnic groups, 

most notably Kazakhs and Tibetans, and most other eth-
nicities. The strong differentiation of the Kazakhs is expli-
cable by a different ancestry as well as repeated migra-
tions and admixture events along the Silk Road in the past 
2000 years or so, as has been recently suggested (Mezza-
villa et al. 2014), whereas Tibetans’ Y-STR haplotype vari-
ation may mirror a deep ancestral root that is indicated by 
the high frequency of the D-M174 haplogroup in Tibet-
ans (Shi et al. 2008; Wang and Li 2013). On a provincial 
level, however, differences were much less pronounced, 
with the exceptions of the Tibet and Qinghai provinces. 
This apparent contradiction is explicable by two additional 
observations. First, genetic differences within ethnici-
ties were usually of minor magnitude. Most prominently, 
this applies to the Han, which, despite their by far largest 
sample size, displayed a remarkable genetic homogeneity. 
Second, although virtually all ethnicities except for the Han 
occurred in only one or a few of our provincial sample sets, 
the Han, and some genetically close ethnicities, usually 
co-occurred with those ethnicities in the same provincial 
sample sets, resulting in a dilution of genetic differences 
between provinces featuring different ethnic groups. The 
Tibet and Qinghai provinces almost exclusively featured 
Tibetan samples and, therefore, escaped this diluting effect. 

Fig. 4  Genetic distance 
between Han of different 
Chinese provinces. Multidi-
mensional scaling (MDS) plot 
based on RST with respect to Y 
chromosomal haplotypes in the 
Han (stress: 0.107)
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On the other hand, while, for example, Kazakhs showed 
substantial genetic differences with respect to the Han and 
other ethnicities, none of the provincial samples featured a 
Kazakh majority, resulting in less pronounced inter-provin-
cial differences.

Based on our Y chromosomal STR data, thereby tracing 
strictly paternal inheritance, we could not confirm previ-
ous reports of a genetic distinction between Northern and 

Southern Han for binary or STR markers (Chu et al. 1998; 
Xiao et al. 2000; Xue et al. 2006, 2008; Zhao et al. 2015). 
Instead, we observed continuous gradual differences that 
generally follow a North–South direction. These gradual 
changes in Y-STR genetic diversity observed in our study 
are consistent with a previously suggested demic diffusion, 
isolation-by-distance model that was based on Y-chromo-
somal and mtDNA haplogroup assignment, i.e., carrier-ship 

Fig. 5  Correspondence between geographic and MDS position of 
Han populations. b, d Multidimensional scaling (MDS) plot based 
on RST with respect to Y chromosomal haplotypes in the Han (stress: 

0.107). a, b Provincial color coding by latitude; c, d provincial color 
coding by longitude
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of specific alleles at selected single-nucleotide polymor-
phisms (SNPs), and where males played a more prominent 
part than females (Wen et al. 2004). Furthermore, they are 
in accordance with North–South gradients in genetic varia-
tion that have been reported for several hundred thousands 
of autosomal SNPs (Chen et al. 2009; Xu et al. 2009). This 
is a remarkable observation in two ways. First, unlike in 
Europe, use of both autosomal SNP and Y chromosomal 
Y-STR markers revealed concordant patterns of variation, 
possibly indicating (i) little difference in migration between 
males and females and (ii) a continuous process of popula-
tion expansion from the Neolithic to modern times at least 
for the Eastern and Central parts of China. Given the differ-
ent “time windows” of both marker types, it is reasonable to 
conclude that both processes have lasted already for more 
than two millennia to create concordant patterns of popula-
tion substructure. Second, the observed latitudinal, but not 
longitudinal, gradient in Y chromosomal variation resem-
bles previously reported observations using autosomal 
SNPs from Europe (Lao et al. 2008; Nothnagel et al. 2010; 
Novembre et al. 2008), likely indicating a similar, albeit 
younger and slower, population genetic process compared 
to Europe. The concordant and clinal patterns of genetic 
variation would also be consistent with a massive popula-
tion expansion that has been suggested to have started in 
the Neolithic around ~6 kya (Yan et al. 2014) and to have 
accelerated around 2000 years ago with the formation of a 
single Chinese empire after the conquest of several states 
by the Qin and Han dynasties, not the least resulting in a 
likely larger effective population size of the Han compared 
to European populations. In modern times, huge migrations 
of the Han might have further contributed to a homogene-
ity of the genetic landscape of China, here to mention the 
“Crashing into Guandong” (Chuang Guandong, starting in 
the second half of the nineteenth century), when residents 
of the coastal Shandong province moved to the three north-
eastern provinces of Heilongjiang, Jilin and Liaoning, or 
the “Going to the West” (Zou Xikou), when people of the 
central northern Shanxi and Shaanxi provinces migrated to 
the northern region of Inner Mongolia (seventeenth–twen-
tieth century). More in-depth statistical modeling of our 
genetic data and inference of likely population historic sce-
narios, such as expansion times and admixture events, will 
be subject to future studies.

Conclusion

In summary, our large multi-center study revealed that 
Y-STR haplotypes are highly variable in China irrespective 
of the geographic or ethnic background of the studied pop-
ulation. The large size of most regional samples ensured 
that locally common patrilines were represented to a larger 

extent than in other, much smaller studies. Characteristic 
genetic divisions often observed between populations typed 
for Y-STRs at other continents are largely lacking in most 
of China. Especially the homogeneity of the Han Chinese 
population points to a constant process of range expansions 
and possibly genetic admixture. This process could have 
accelerated around 2000 years ago with the Qin and Han 
dynasties that first conquered several states to form a Chi-
nese empire and to unite the whole China. Our genetic data 
presented here provide basic information on the country’s 
population differentiation required by the forensic commu-
nity in China and abroad.

Web Resources: R software: http://www.r-project.org/; 
geoR, sp, BayesX, plotrix packages: http://cran.r-project.
org/; Arlequin software: http://cmpg.unibe.ch/software/
arlequin35/; YHRD: https://yhrd.org/
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