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Abstract We investigated the Y chromosome of various Chinese populations to

determine the patrilineal origin of the Chaoshanese population. Admixture analysis

of six specific Y short tandem repeat (STR) loci in 6,292 individual samples taken

from 51 populations, including Chaoshanese and Minnanese of our earlier studies,

showed that over 85% of the Chaoshanese Y chromosomes were derived from the

Central China Han (MRH: 0.8614; MBE: 1.1868 ± 0.2054), and a very small portion

were from the southern aborigines. These results support a Central China Han origin

of the Chaoshanese and additionally reveal that males from the Central China Han

were the predominant contributor to the patrilineal genetics of the Chaoshanese. A

phylogenetic tree and analysis of molecular variance signified a strong association

between Y chromosomes of Chinese populations and their linguistic affiliations,

revealing a coevolution of Y chromosome diversity and languages in East Asia.
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Introduction

The 56 ethnic populations of China can be classified into seven major groups based

on their linguistic families or subfamilies: Altaic, Austro-Asiatic, Austronesian,

Hmong-Mien, Daic (also called Baiyue in Chinese), Han (Sinitic), and Tibeto-

Burman (Ethnologue Website http://www.ethnologue.com) (Wei and Wang 2000).

Both the Han and the Tibeto-Burman belong to the Sino-Tibetan phylum (Martisoff

1991). The position of the Hmong-Mien and Daic in the language family tree,

however, remains controversial. They are considered members of either the Sino-

Tibetan family (Li 1977; Wei and Wang 2000) or of independent phyla (Benedict

1975) (http://www.ethnologue.com). Among the seven groups, Han is by far the

largest in the world, with a population exceeding 1.18 billion, accounting for 90.6%

of the population of China (2005 census www.stats.gov.cn/tjgb/rkpcgb/index.htm).

According to Chinese history, the Han are descended from ancient Huaxia tribes

that formed 4,000–5,000 years ago along the Yellow River valley in Central China

and were dispersed throughout China during the past two millennia (Ge et al. 1997;

Wei and Wang 2000). Tibeto-Burman speaking populations live mostly in China

(provinces of Qinghai, Tibet, Sichuan, Yunnan, and Hunan) and in countries of

South and Southeast Asia, whereas Altaic is spoken mainly in northern East Asia,

including the upper northern part of China. The other four families (Daic, Austro-

Asiatic, Austronesian, and Hmong-Mien) are native to southern China, Southeast

Asia, and the Pacific Islands (Ethnologue Website) (Wang 1994). Among them,

Daic is the largest and most widespread ethnic group in southern China, including

Chaoshan (Song 1991; Huang 2002), with a population of 25.8 million (2,000

census), second only to the Han. It is known that the Daic are descendants of the

Baiyue, an ancient aboriginal ethnic family that lived in the southern China coastal

zone for at least 30,000 years before the Han arrived approximately 2,000 years ago

(Song 1991; Wen et al. 2004a). Under the extensive influence of the Han, a large

number of Baiyue became assimilated into the Han, and the rest migrated westward

to become today’s Daic populations (Li 2007). Daic is, therefore, significant in the

study of the genetic structure of southern China populations (Li H et al. 2007, 2008).

The Chaoshanese, one of the three major Han ethnic groups in Guangdong

province, are dwellers of the Chaoshan region, a littoral area located in southern

China, with the South China Sea to the south and Fujian province to the east, across

the strait from Taiwan. As recorded in Chaoshanese pedigrees and Chinese history,

ancestors of the modern Chaoshanese originated from the Central China Han, who

migrated to the Chaoshan area in continuous southward movements due to warfare

and famine in the north (Ge et al. 1997; Wei and Wang 2000; Huang 2002). The first

large-scale migration wave began in the Qin Dynasty around 214 BC

(*2,200 years ago), when Emperor Qin sent battalions to unify the southland into

one China. Over the years, in the blending of Han immigrants with the indigenous

people, the Han assimilated aborigines and brought today’s Chaoshanese into being.

We have provided genetic evidence to support the Central China Han origin of the

Chaoshanese by analyzing the allele frequency distribution of the human leukocyte

antigen (HLA) complex A and B (Hu et al. 2007) and 15 autosomal-chromosomal

short tandem repeat (STR) markers (Xu et al. 2009). We also showed that the
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Chaoshanese are an admixture of the Central China Han and southern aboriginal

natives (Xu et al. 2009).

Population admixture, one of the major themes in the study of human evolution,

is being delineated for a number of populations, on different continents, by

analyzing genetic variations using various genetic markers such as single nucleotide

polymorphisms (SNP), mitochondrial DNA (mtDNA), and autosomal- and

Y-chromosomal STRs (Y-STR) (Carvajal-Carmona et al. 2000; Benedetto et al.

2001; Gresham et al. 2001; Helgason et al. 2001; Sans et al. 2002; Bosch et al. 2003;

Wen et al. 2004a, b; Kayser et al. 2008). Knowledge of population admixture

enables an understanding of the historic, genetic, and evolutionary aspects of the

relevant populations. Unequal contribution of male and female lineages from

parental populations to filial generations is a common phenomenon seen in admixed

populations (Carvajal-Carmona et al. 2000; Sans et al. 2002; Bosch et al. 2003; Wen

et al. 2004a, b; Kayser et al. 2008). Moreover, the admixture ratio could be

associated with the arrival time of immigrants and initial ethnic constitution of the

parental populations in the regions. We previously described the admixture features

of the Chaoshanese (Xu et al. 2009); however, the origin of male and female

founders of this population has yet to be established. The Y-STR on the

nonrecombining portion of the human Y chromosome has been proven useful in

revealing the effects of male-influenced gene flow on the genetic composition,

differentiation, and evolution of an admixed population (Quintana-Murci and

Fellous 2001), and has been used in studies of genetic relationships among

populations, population origin, diversity, admixture, migration, and evolution (Su

et al. 1999; Carvajal-Carmona et al. 2000; Benedetto et al. 2001; Gresham et al.

2001; Sans et al. 2002; Bosch et al. 2003). In this study, we analyzed our Y-STR

data (Hu 2006a, b), along with data collected from other Chinese populations of

various linguistic families, to address the paternal genetic structure of the

Chaoshanese and their relatedness to other Chinese populations in the male lineage.

Materials and Methods

Population Samples

The Y-STR data of Chaoshanese and Minnanese were derived from our previous

studies (Hu 2006a, b), and those for the other Chinese populations were collected

from peer-reviewed journals (Table 1). We used the following selection criteria: (1)

population data published before 1 July 2008; (2) sample size of no less than 30; (3)

populations with clearly stated ethnicity or geographic locations; and (4) samples

with complete haplotype data for six specific Y-STR loci (DYS19, DYS389I,
DYS390, DYS391, DYS392, and DYS393). Among the populations initially recruited

by these criteria, several had more than one dataset from the same geographic or

ethic group. The pairwise FST and associated P values of these datasets were first

estimated with the haplotype frequencies using Arlequin 3.1 software (Excoffier

et al. 2006). When the pairwise FST values were statistically insignificant
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Table 1 Source of data for 51 Chinese populations

Geographic

group

Population Location Linguistic

family

References

Northern Northeast Han Northeast Sinitic Yang et al. (2006),

Ba et al. (2007)

Liaoning Han Liaoning Sinitic Wang and Sawaguchi (2006)

Ningxia Han Ningxia Sinitic Zhu et al. (2006a)

Tianjin Han Tianjin Sinitic Kuang et al. (2005)

Henan Han Hennan Sinitic Feng et al. (2005)

Shandong Han Shandong Sinitic Yan et al. (2007)

Beijing Han Beijing Sinitic Kwak et al. (2005)

Hui-1 Ningxia Sinitic Guo et al. (2008)

Hui-2 Ningxia Sinitic Zhu YS et al. (2007)

Korean Jilin Altaic Zhang et al. (2007)

Salar Qinghai Altaic Zhu BF et al. (2007)

Mongolian Inner Mongolia Altaic Zhu et al. (2005a)

Uigur Xinjiang Altaic Zhu et al. (2005b)

Dongxiang Gansu Altaic Yang et al. (2005)

Tibetan-1 Qinghai Tibeto-Burman Zhu et al. (2008)

Southern Hunan Han Hunan Sinitic Chen et al. (2005)

Sichuan Han Sichuan Sinitic Hidding and Schmitt (2000),

Zhang et al. (2008)

Yunnan Han Yunnan Sinitic Zhang XH et al. (2006)

Zhejiang Han Zhejiang Sinitic Wu et al. (2005)

Hong Kong Chinese Hong Kong Sinitic Yeung et al. (2006)

Taiwanese Taiwan Sinitic Huang et al. (2008)

Chaoshanese Chaoshan Sinitic Hu (2006a)

Minnanese Minnan Sinitic Hu (2006b)

Singapore Chinese Singapore Sinitic Tang et al. (2006);

Yong et al. (2006)

Malaysia Chinese Malaysia Sinitic Chang et al. (2007)

Tibetan-2 Tibet Tibeto-Burman Zhang QX et al. (2006)

Tibetan-3 Tibet Tibeto-Burman Kang et al. (2007)

Tibetan-4 Tibet Tibeto-Burman Zhu et al. (2006c)

Naxi Yunnan Tibeto-Burman Xin et al. (2008)

Yi Yunnan Tibeto-Burman Zhu et al. (2006b)

Tujia Chongqing Tibeto-Burman Shi et al. (2008)

Yao Guangxi Hmong-Mien Liu (2004)

Bolyu Guangxi Austro-Asiatic Li H et al. (2008)

Blue-Gelao Guangxi Daic Li H et al. (2008)

Lachi Yunnan Daic Li H et al. (2008)

Mollao Guizhou Daic Li H et al. (2008)

Red-Gelao Guizhou Daic Li H et al. (2008)

Hlai-Qi Hainan Daic Li H et al. (2008)
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(P [ 0.05), the datasets were combined. Otherwise, each dataset was used

independently.

Accordingly, the current study included 6,292 individual samples from 51

populations with 1,697 haplotypes. These populations were divided into 15 northern

and 36 southern populations with regard to the geographic locations separated at 30�
north latitude (roughly along the Yangtze River) as previously described (Xiao et al.

2000). Alternatively, populations were grouped according to linguistic families into

19 Sinitic (including 7 Northern Han, 10 Southern Han, and 2 Hui), 7 Tibeto-Burman,

5 Altaic, 1 Hmong-Mien, 1 Austro-Asiatic, and 18 Daic (Table 1). It should be noted

that the region we refer to as Central China is geographically located in northern

China. We use the term ‘‘Central’’ to remain consistent with our previous studies.

Statistical Analysis

To quantify genetic relatedness among the studied populations, we calculated Nei’s

genetic distance D (Nei 1987) from Y-STR haplotype frequencies. Neighbor-joining

trees (Saitou and Nei 1987) based on those genetic distances were constructed using

programs in the Phylip 3.6 package (http://evolution.genetics.washington.edu/

phylip.html) (Felsenstein 2004). Robustness of the tree was assessed by 1,000

bootstrap iterations (Felsenstein 1985). Population relationships were examined by

principal component (PC) analysis based on Y-STR haplotype frequencies using

SPSS 13.0 for Windows (SPSS Inc.). The gradient distribution of the PC values

relative to the geographic location of each corresponding Han population was

mapped using Surfer 8.0 (www.goldensoftware.com), in which derived PC1 and

PC2 values served as height values. Population differentiation was evaluated by

analysis of molecular variance (AMOVA) based on Y-STR haplotype frequencies

and 10,000 permutations (Nei 1987; Slatkin 1995) using Arlequin 3.1 software

Table 1 continued

Geographic

group

Population Location Linguistic

family

References

Buyang Yunnan Daic Li H et al. (2008)

Cun Hainan Daic Li H et al. (2008)

Man-Caolan Guangxi Daic Li H et al. (2008)

Lingao Hainan Daic Li H et al. (2008)

E Guangxi Daic Li H et al. (2008)

Sui Guangxi Daic Li H et al. (2008)

Mak Guizhou Daic Li H et al. (2008)

Mulam Guangxi Daic Li H et al. (2008)

Maonan Guangxi Daic Li H et al. (2008)

Biao Guangdong Daic Li H et al. (2008)

Then Guizhou Daic Li H et al. (2008)

Danga Hainan Daic Li H et al. (2008)

DornQdayc Shanghai Daic Li H et al. (2008)
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(Excoffier et al. 2006). The level of admixture of the Central China Han and

southern natives in the Chaoshanese was estimated by Admix 2.0 (http://web.unife.

it/progetti/genetica/Isabelle/admix2_0.html) (Dupanloup and Bertorelle 2001) and

Leadmix (http://www.zoo.cam.ac.uk/ioz/software.htm) (Wang 2003), using MBE

(Bertorelle and Excoffier 1998) and MRH statistics (Roberts and Hiorns 1965). In

this analysis, the haplotype frequency of the Henan Han was used to represent the

Central China Han. The average (arithmetic mean) haplotype frequencies of two

southern native populations, Hlai and Cun (Li H et al. 2008), were taken for that

population, as described (Wen et al. 2004a). We assumed the potential admixture

started 2,300 years ago, when the Qin army (Central China Han) first entered the

Chaoshan area (Ge et al. 1997; Wei and Wang 2000; Huang 2002).

Results

Genetic Relationship Among the Studied Populations

All populations finally selected were included in the neighbor-joining phylogenetic

analysis (Fig. 1) and the PC analysis (Fig. 2). All studied populations clustered on

the basis of their linguistic families irrespective of the geographic division. This

phenomenon was even more evident in the PC analysis. The cumulative

contribution of PC1 and PC2 accounted for 41.71% of the total difference. In the

PC plot, the Han and Daic each fell into their respective linguistic families and were

distinctly separated by both PC1 and PC2, with the Daic clustering together in the

upper left part of the plot and the Han in the lower right. Within the Han cluster, the

distinction between Southern and Northern Hans was noticeable by PC1, but less

evident. It is interesting that the Henan Han lay closer to the Southern Han,

consistent with what we have previously observed by both HLA (Hu et al. 2007) and

autosomal STR analyses (Xu et al. 2009). The other populations formed a loose

gathering in the lower left corner of the plot, with less distinct boundaries between

their linguistic families. This loose gathering was separated from Daic and Hans by

PC2 and PC1, respectively, and the lack of distinction between the linguistic

families may reflect the smaller number of populations sampled in each of those

linguistic families in this study. These results indicate a highly coherent paternal

genetic structure of Chinese populations that is associated with the linguistic family.

The genetic affinity between the Chaoshanese and the other 16 Han populations

was further visualized in a neighbor-joining tree (Fig. 3) and a geographic map of

the PC1 and PC2 values (Fig. 4). The tree for Han populations shows results similar

to those in the first tree. The Han populations clustered together as one linguistic

family, and separation was evident between the Southern and Northern Hans within

the family. The Chaoshanese clustered in general with the Southern Han but

appeared, among the Southern Han, to be more closely related to the Minnanese,

Taiwanese, Singapore Chinese, and Malaysia Chinese. The D values between the

Chaoshanese and these four populations were 0.000006, 0.000008, 0.000008, and

0.00001, respectively. These populations also fall into the same grade in the PC

maps (Fig. 4). Among the Northern Han populations, the Henan Han appeared to be
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closest to the Southern Han populations, with a D value of 0.000009, the smallest

value among the distances between the Chaoshanese and other Northern Han

populations. This indicates a close genetic relationship between the Central China

Han and the Southern Han populations to a certain extent. Moreover, the Chaoshan-

Minnan grade was close to that of the Central China Han populations (Fig. 4).

Analysis of Molecular Variance (AMOVA)

Populations of the same linguistic family clustered together in our phylogenetic and

PC analyses (Figs. 1, 2). If this clustering has a genetic basis, the variance among

Fig. 1 Phylogenetic relationships of the 51 populations in the present study, based on Y-STR haplotype
frequencies. Neighbor-joining tree calculated from Nei’s genetic distance D (Nei 1987). The numbers
above the nodes are bootstrap values (%) estimated from 1,000 replicates. Linguistic groups are indicated
by geometric shapes: open triangle Northern Han, filled triangle Southern Han, open inverted triangle
Hui, filled square Tibeto-Burman, filled diamond Altaic, open diamond Hmong-Mien, filled circle Daic,
open circle Austro-Asiatic
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linguistic groups should be greater, whereas the variance among geographic groups

should be smaller in the AMOVA analysis. We divided the study populations into

southern and northern groups (geographic groups) and also grouped them by their

linguistic families (linguistic groups) for AMOVA analysis to determine the

geographic and linguistic partitioning of Y-STR diversity (Table 2). As anticipated,

Y-chromosome differentiation was far greater among linguistic groups (0.56%;

FCT = 0.00563, P = 0.000) than between the geographic groups (0.08%;

FCT = 0.00077, P = 0.016). The FCT among linguistic groups was much higher

than that between geographic groups, though FCT statistics of both groups were

Fig. 2 Principal component plot of the 51 populations in the present study. Each population is
represented by the symbol for its linguistic group, as listed in Fig. 1

Fig. 3 Phylogenetic tree of 17 Han populations, based on the haplotype frequencies of six specific
Y-STR loci. The numbers in the nodes are bootstrap values (%) estimated from 1,000 replicates. Open
triangles indicate Northern Han linguistic group; solid triangles indicate Southern Han
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significant (P \ 0.05), suggesting a more extensive among-groups differentiation

when populations were divided by linguistic families. In contrast, the variance

among populations within groups was quite the opposite, with 0.84%

(FSC = 0.00839, P = 0.000) for populations within the geographic groups versus

0.55% (FSC = 0.00549, P = 0.000) for those within linguistic groups. These results

clearly indicate that the paternal genetic linkage among the Chinese populations was

associated with their linguistic affiliations more than with their geographic

locations.

Admixture Analysis of the Chaoshanese

Historical records and our previous autosomal STR data suggest two potential

source populations for Chaoshanese Y chromosomes: the Central China Han and the

Daic (Ge et al. 1997; Wei and Wang 2000; Xu et al. 2009). We considered the

Henan Han as the parental population representative of the Central China Han

because Henan covers ancient Central China (Hu et al. 2007; Xu et al. 2009). Hlai

and Cun, two populations that we used as the southern parental population, are

Fig. 4 Principal component maps of Y-STR from 17 Chinese Han populations. Scales indicate the
gradient distribution of the values plotted in Fig. 2 for PC1 (left) and PC2 (right) relative to the
geographic location of the numbered populations: 1. Chaoshanese; 2. Minnanese; 3. Hong Kong Chinese;
4. Taiwanese; 5. Malaysia Chinese; 6. Singapore Chinese; 7. Zhejiang; 8. Sichuan; 9. Hunan; 10. Yunnan;
11. Henan; 12. Shandong; 13. Tianjin; 14. Northeast; 15. Liaoning; 16. Beijing; 17. Ningxia

Table 2 AMOVA of 51 Chinese populations

Group Source of variation

Among groups

(FCT, P)

Among populations within groups

(FSC, P)

Within populations

(FST, P)

Geographic 0.08 (0.00077, 0.016) 0.84 (0.00839, 0.000) 99.08 (0.00916, 0.000)

Linguistic 0.56 (0.00563, 0.000) 0.55 (0.00549, 0.000) 98.89 (0.01110, 0.000)
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believed to be genetically closest to the ancestral Daic (Li H et al. 2008). These two

populations have been living on Hainan Island for generations (Li D et al. 2008).

The Qiongzhou Strait, which lies between the island and the mainland, was a

formidable obstacle to communications until recently, isolating Hainan aborigines

from the influence of exotic ethnic population relocation and admixture (Li D et al.

2008). The two populations thus could serve as representatives of southern natives

(Wen et al. 2004a). Estimates of the admixture coefficient from the two programs

were highly consistent (Table 3). Chaoshanese showed a dominant proportion of the

Central China Han contribution (MRH: 0.8614; MBE: 1.1868 ± 0.2054), but only a

small part from southern natives (MRH: 0.1386; MBE: -0.1868 ± 0.2054). These

results indicate that the Chaoshanese paternal gene pool consists almost exclusively

of Central China Han with little input of southern indigenous origin.

Discussion

In this study, we extended our prior research to determine the origin of the male

founder of the Chaoshanese and the paternal affinity of this population with other

Chinese ethnic groups. By estimating the relative contributions of the two parental

populations in Chaoshanese, using two statistics (Roberts and Hiorns 1965;

Bertorelle and Excoffier 1998), we for the first time showed that the Y chromosome

of the Chaoshanese was derived overwhelmingly from the Central China Han, with

very little contribution from southern natives (Table 3). These results confirm our

prior demonstration of the Central China Han origin of the Chaoshanese (Xu et al.

2009) and further show that males from Central China Han were the predominant

contributors to the paternal gene pool of Chaoshanese, as judged by the high

patrilineal similarity shared by the Chaoshanese and their parental Central China

Han.

High paternal resemblance to Northern Hans (males from Northern Hans are the

primary contributors to the paternal gene pool of the filial generation), along with

considerable maternal differences from either parental population (all parental

populations contribute substantially to the maternal gene pool of filial generation),

has been previously documented for other Southern Han populations (Wen et al.

2004a). The mechanism underlying this pattern has been explained as a strong sex-

biased population admixture due to ‘‘directional mating’’ (Merriwether et al. 1997).

The Chaoshanese belong to the Southern Han (Figs. 1, 2, 3) (Huang 2002; Hu et al.

2007; Xu et al. 2009). We therefore assume that the same admixture process may

have been followed by this population. This is likely to be true as the Chaoshanese,

Table 3 Admixture analysis of the Chaoshanese population

Method Parental population

Central China Han Southern indigenous

Leadmix (MRH) 0.8614 0.1386

Admix (MBE) 1.1868 ± 0.2054 -0.1868 ± 0.2054
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like other Southern Hans (Wen et al. 2004a), showed approximately equal

proportions of maternal genetic components from both the Central China Han and

the southern natives (unpublished observations). It has been previously suggested

for different world populations that directional mating is governed strongly by

several factors, including sex ratio of migration, mate choice, and linguistic, and

social attributes (Bamshad et al. 1998; Seielstad et al. 1998; Pérez-Lezaun et al.

1999; Carvajal-Carmona et al. 2000; Benedetto et al. 2001; Parra et al. 2001; Sans

et al. 2002; Bosch et al. 2003; Wen et al. 2004a, b; Kayser et al. 2008). The

admixture genetics presented here is consistent with the historical and demographic

information available on the Chaoshanese. Regarding migration in Chaoshanese

history, southward expansion of the Central China Han to Chaoshan largely

involved expedition forces primarily consisting of young or middle-aged male

soldiers (Huang 2002; Chen 2006; Hu et al. 2007; Xu et al. 2009). Such an

asymmetrically high male proportion in migrants would have inevitably affected the

mate choice, leaving indigenous women as the primary mating targets (Fan 2000).

From a cultural practice aspect, the Han migration southward followed a demic

diffusion model, in which the mass movement of Han people spread the Han culture

and language (Wen et al. 2004a). Possessing advanced technologies and culture, the

Hans would undoubtedly exert a dominant and extensive influence on indigenous

people (Ge et al. 1997). Specifically, a matrimonial pattern of patrilocal residence

(wives move into the husband’s household) and patrilineal descent (clans are

inherited through the paternal line) was strictly practiced in old-time China (Chen

2006). This would have greatly favored the incorporation and retention of paternal

Central China Han genes in the ancestral Chaoshanese. Indeed, immigrant soldiers

were encouraged to marry indigenous women when they settled in Chaoshan after

wars (Chen 2006). Intermarriage was significant in easing conflict between military

immigrants and indigenous people, and in speeding up cultural exchange and

national integration (Fan 2000). It is worth mentioning that most of the cultural

practices in today’s Chaoshanese reflect a Central China Han origin (Chen 2006).

A distinction between northern and southern Chinese populations, separated at

30� north latitude, approximately by the Yangtze River (Xiao et al. 2000), has been

previously observed by analysis of genetic markers other than Y variations, as well

as somatometric and nonmetric features in our studies (Hu et al. 2007; Xu et al.

2009; unpublished observation) and others (Zhao and Lee 1989; Du et al. 1992; Chu

et al. 1998; Xiao et al. 2000; Yao et al. 2002; Wen et al. 2004a). Contrary to this

observation, however, our phylogenetic and PC analyses (Figs. 1, 2) on Y variations

showed that all the populations clustered essentially by linguistic family, regardless

of their geographic locations and distances. In other words, on the paternal side,

Chinese populations tended to group with their linguistic neighbors, not their

geographic neighbors. This is particularly obvious for those linguistic groups that

include populations from geographically divided northern and southern groups, such

as the Tibeto-Burman and Han. We further showed that language-based clustering

was evident even within a linguistic family. The Tibeto-Burman and Han are both in

the Sino-Tibetan family, but each formed its own assembly (Fig. 1). Chaoshanese,

Minnanese, Taiwanese (Lin et al. 2001), Malaysia Chinese, and Singapore Chinese,

though geographically far apart, clustered together more closely among the
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Southern Han populations (Figs. 1, 4). These five ethnic groups speak the Min

dialect, one of the 10 major dialects within the Han family (Gan et al. 2008), and

share common ancestors (Huang 2002; Tang 2002; Lin and Qiu 2005; Zhang 2006;

Hu et al. 2007; Xu et al. 2009). Our results indicate that the paternal genetic

relationships among Chinese populations correlated more strongly with linguistic

rather than geographic relationships, in agreement with prior observations in

worldwide populations that linguistic distances present a higher correlation with Y

chromosome than with mtDNA markers (Cavalli-Sforza et al. 1992; Chen et al.

1995; Poloni et al. 1997). It is known that the matrimonial pattern has a strong

impact on the genetic structure of a population. In a society centered with

patrilocality and patrilineality, men possess both cultural and political dominance.

This would make society members less motivated to change their life style, but

rather maintain their customs for generations. As we mentioned above, patrilocality

and patrilineality are indigenous to traditional Chinese culture and are still being

practiced in the countryside of China. The same mechanism that keeps coevolution

of Y chromosome and language would therefore also operate in Chinese

populations.

In summary, we have for the first time analyzed the paternal genetic structure of

the Chaoshanese and their affinity with other Chinese populations along the male

lineage. Our results confirm the Central China Han origin of the Chaoshanese and

further reveal that the Y chromosomes of Chaoshanese are derived predominantly

from the Central China Han with little contribution from southern natives.

Moreover, on the paternal side, Chinese populations tended to cluster based on their

linguistic affiliations rather than their geographic distribution. The geographic

boundary between northern and southern Chinese populations, as observed in other

analyses, was no longer distinct.
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