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Chongging Han is an important southern Han group, but investigations on its paternal genetic structure are still
limited. Here, we analyzed the forensic and phylogenetic characteristics of the Chongqing Han population based
on 27 Y-STR and predicted Y-SNP markers. Based on AMOVA, haplogroup distribution and network analysis, we
explored the genetic relationship between Chongqing Han, other Chinese groups and some southern indigenous

groups (speaking Kra-Dai, Austronesian, etc).

1. Introduction

Chongqing is the largest city in southwestern China. It was once
considered a barbaric land in historical Chinese literature, with many
ancient groups, such as Pu and Ba, residing in this area. With the strong
diffusion of the Han population and the Han culture in the past two
thousand years, Han Chinese has become the main population in
Chongqing. According to the latest census (2010), the Han population of
Chongqing is 26,909,061, accounting for 93.28% of the total popula-
tion. Two widely used markers on the male-specific region of the Y
chromosome, STRs and SNPs (single-nucleotide polymorphisms), play
an important role in human evolution, population history, genealogy,
forensics and male medical genetics [1]. Although some forensic genetic
analyses have been conducted on Chongging Han people for familial
searching [2], regional lineage accumulations and spatial comparisons
among groups were still neglected. In order to investigate the phyloge-
netic history and forensic characteristics of the Han nationality in
Chongqing, a total of 559 unrelated male individuals were recruited and
genotyped by the Yfiler® Plus Kit (Thermo Fisher Scientific, Waltham,
MA, USA).

* Corresponding authors.

2. Materials and methods

All samples were collected after receiving informed consent, and
individuals were considered autochthonous if their ancestors had lived
in Chongqing municipality for at least three generations. The Ethical
Committee of Fudan University, Shanghai, People’s Republic of China
approved the study (No. 14012). Experimental methods were shown in
Table S1. Data were submitted to the YHRD (Ychromosomal haplotype
reference database, https://yhrd.org [3]) under accession number
YA004232 for the Chongqing Han population. Based on the Y chromo-
some database in our laboratory [4], we predicted the haplogroup in-
formation of the Chongqing Han group. In addition, we corrected the
predicting results with reference to the Whit Atheys’ haplogroup pre-
dictor (http://www.hprg.com/hapest5/). Haplotype and Haplogroup
frequencies were estimated by direct gene-counting. Haplotype di-
versities were calculated according to Nei’s formula [5]. The discrimi-
nation capacity (GD) and match probability (MP) were also calculated as
important forensic parameters [6]. Pairwise genetic distances of Rst and
corresponding P-values between different populations were evaluated
by analysis of molecular variance (AMOVA) and visualized using
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Fig. 1. Multidimensional scaling (MDS) analysis for the Chongqging Han and 27 other reference populations based on Rst values. The red dot represents the studied
population. All populations are marked with different colours according to the language classification, as shown in the lower left corner of the Figure. (For inter-
pretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

multidimensional scaling (MDS) plots using statistical online tool
available on the YHRD website. The P-values were then calculated at a
significance level of 0.05 using 10,000 permutations. A Bonferroni
correction was also applied to adjust for potential type I errors [7]. With
reference to Y-DNA haplogroup Tree 2019 (https://isogg.org/tree/), we
constructed a simplified phylogenetic tree that showed the distribution
of Chongqing Han samples. NETWORK 5.0.1.1 was imported to present
median-joining trees of the Chongqing Han ethnic group [8].

3. Results and discussion

The allele frequencies and the GD values for 23 single-copy STR loci
and two multi-copy STR were summarized in Table S2. 320 alleles were
detected across the 27 Y-STR loci tested, with frequencies between
0.0018 and 0.7352. The two multi-copy Y-STRs, DYS385 a/b and
DYF387S1 a/b, were the most diverse markers with gene diversity (GD)
values of 0.9644 and 0.9556, respectively. Among 23 single-copy loci,
DYS449 was the most informative locus with the GD of 0.8831. In
addition, we observed double peaks occurred in the loci of DYS389I
(13,14), DYS389 II (28,29), DYS439 (12,13) and DYS635 (21,23) allele

ranged in a male sample. Double peaks were confirmed by using a do-
mestic commercial Microreader™ 29Y Direct ID System (Microread
Genetics, Suzhou, Jiangsu, China) (Fig. S1). The same 27 Y-STR haplo-
type was also found in his son. These duplicated alleles were verified by
Sanger sequencing (Fig. S2). The most likely explanation for this phe-
nomenon was the presence of segment duplication involving at least
these four loci located in the same Y-chromosome region, the 780 kb
AZFa segment. Bosch and Jobling described the AZFa duplications as the
reciprocal product of recombination between HERVs flanking the region
[9,10]. Therefore, the presence of double alleles does not always indi-
cate the presence of multiple male profiles. It is important to know the
incidence of duplication mutations involving Y-STRs in forensic
investigations.

A total of 559 distinct haplotypes of the 27 Y-STRs were observed in
559 Chongqing Han individuals and which gave HD value of 1.0000
(Table S3). The result indicates that the Yfiler® Plus kit offers excellent
discrimination capabilities and can be useful in forensic investigations
and paternal lineage identification in this Han population. To exten-
sively illustrate the genetic relationship of these markers, we compared
the 17 Yfiler haplotype data of the Chongqing Han with those of 27
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neighboring populations according to the language classification (pub-
lished and referenced in the YHRD) (n = 16,550) (Table S4 and
Fig. S3a). Table S5 showed that there were no significant differences (P
> 0.0018 after Bonferroni’s correction) between the Chongqing Han and
Han Chinese from Guizhou (Rst = 0.0003, p = 0.2317), Hainan (Rst =
0.0049, p = 0.0024) and Heilongjiang (Rst = 0.0090, p = 0.0371),
indicating little genetic difference. Although significant, low Rst values
were obtained between the Chongqing Han and the other three Chinese-
speaking populations (Henan-Han, Singapore-Han and Gansu-Hui) (Rst:
0.0103 ~ 0.0379) and eight other groups in East Asia (Manchu, Xibe,
Melanau, Thai, Filipino, Yao, Zhuang and Miao) (Rst: 0.0079 ~ 0.0462).
The low Rst values between the Chongqing Han and the other southern
groups represented by Sarawak-Melanau might suggest the genetic
connections between the populations in southern China and Southeast
Asia due to the Austronesian expansion [11]. In comparisons between
the Chongqing Han and the remaining populations, highly significant
distances were observed (Rst: 0.0648 ~ 0.3038, P < 0.0018). The MDS
plot (Fig. 1) structured from Rst distance matrix showed that
Heilongjiang-Han, Guizhou-Han, Hainan-Han, Henan-Han, Singapore-
Han and Chongqing Han were gathered in the lower right quadrant,
confirming their genetic affinity. In addition, some groups from south-
ern China and Southeast Asia, including Guizhou-Miao (Hmong-Mien),
Guangxi-Yao (Hmong-Mien), Guangxi-Zhuang (Kra-Dai), Vietnam-Kinh
(Kra-Dai), Central Thailand-Thai (Kra-Dai) and Sarawak-Melanau
(Austronesian), were also close to the Chongqing Han, which showed
the genetic affinities among populations could be well reflected by
geographic locations.

After analysing the phylogenetic relationship, 40 different terminal
haplogroups were predicted in the dataset (Fig. S4). The majority
(74.24%) of Chongqing Han individuals was divided into haplogroup O-
M175, the branch where most Han individuals lie [12]. Haplogroups C
(8.05%), N (6.98%), D (4.29%) and Q (4.11%) were the remaining
majority haplogroups. Three Han dominant lineages encompass 32.56%
of the Chongqing Han Chinese in total (estimated 12.88% for O2a2b1lal-
M117, 10.02% for O2a2bla2al-F444, and 9.66% for 02al1b-002611).
This distribution ratio is close to that of the total Han nationality,
indicating that the Chongqing Han nationality has a high consistency
with other Han nationalities. Meanwhile, the haplogroup C2b-F1067
and Qlalal-M120 are also important paternal lineages of the Han na-
tionality [13,14], accounting for 2.68% and 1.43% of the Chongging
Han nationality. Haplogroup Ola-M119, including its most important
downstream branch, Olala-P203, is the important paternal types
shared by Austronesian and the Kra-Dai group [15], a distinct southern
indigenous type. It is also relatively high frequency in the Han nation-
ality in Chongqging, accounting for 14.49% of the total population.
Haplogroup O1blal-M95, containing its downstream branch
Olblalalalal-M88, is a distinct southern indigenous lineage, too. It is
not only the main patrilineal lineage of the Austroasiatic group, but also
represents a high proportion in the Hmong-Mien, Kra-Dai and Austro-
nesian population [15,16]. 9.66% of the Chongqing Han carry the M95
genetic marker. In addition to the haplogroup O1a-M119 and Olblal-
M95, D1al-M15 (4.29%) and O2a2ala2-M7(3.58%) also represents a
large number of the genetic contribution from southern indigenous
groups to Chongqing Han nationality, including groups speaking
Hmong-Mien, Tibeto-Burman and so on. In a word, the haplogroup
distribution of the Chongging Han nationality confirms that it is an
admixture of Han immigrants and southern natives.

Network analyses were performed based on Y-STR haplotypes of the
five most dominant haplogroups (Fig. S5). Among them, O2a2blal-
M117 (12.88%), O2a2bla2al-F444 (10.02%) and 02alb-002611
(9.66%) were typical high frequency types of Han nationality while
01a-M119 (14.49%) and O1blal-M95 (9.66%) had distinctive southern
indigenous characteristics [17,18]. Overall, Samples from the Chongq-
ing Han spread over the entire network, rather than being concentrated
with certain secondary branches, indicating that their sources are
extremely diverse. More details were shown in Fig. S5. Geographically,
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Chongqing is located in the plain of the upper reaches of the Yangtze
River where well-developed rice farming can support a large population
[19] (Fig. S3b). Besides, in the development process of the Han popu-
lation, great importance was attached to cultural identity and a large
number of indigenous populations were integrated. This may be
important reasons for the formation of the Chongqing Han population
structure today.

In conclusion, these data in Chongqing Han population could be
potentially useful for the regional specific and prerequisite reference to
the forensic, genealogical, and evolutionary purposes. To further reveal
the genetic information of the Han populations, more studies with larger
sample sizes and marker sets are necessary.
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