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Three phases for the early peopling of Hainan Island viewed from
mitochondrial DNA
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Abstract Hainan, an island linking mainland East Asia and Southeast Asia, lay in one of the routes of early migration
to East Asia. The largest indigenous group of Hainan is called Hlai, possibly direct descendants of the earliest
migrants. However, there are no sufficient genetic data to assess the population history of Hainan Island. Here, we
have analyzed mitochondrial DNA control-region and coding-region sequence variations in 566 Hlai individuals from
all five subgroups, Ha, Gei, Zwn, Moifau, and Jiamao. Our results suggest three phases for the peopling of Hainan.
The first phase represents the initial settlement of the island as part of the African dispersal approximately 50 000
years ago. The second phase reflects colonization events from mainland Asia before the Last Glacial Maximum,
which was recorded by wide distributed lineages, such as F*, B4a, and D4a.The third phase reflects population
expansions under lineages F1b, M7b, and R9b after the Last Glacial Maximum and Neolithic migrations in and out of
Hainan Island. Selection also started to play a role during the last phase. We also detected different distributions
between paternal Y chromosome and maternal mitochondrial DNA among isolated Hlai populations, which might be

caused by sex-biased cultural practices.
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Hainan Island is located at the southernmost tip of
China. It is geographically unique, in that it sits between
East Asia and Southeast Asia. Therefore, populations
may show characters of both regions. During the last Ice
Age, when the sea level was much lower than present,
Hainan Island was connected to the mainland (Shi
et al., 1989; Xing, 2004), and was in one of the main
routes of modern human migration from Southeast Asia
to East Asia.

The ethnic groups of Hainan include Han Chinese,
Hlai, Miao (here called Kimmun), Lingao, Gelong, and
Utsat. Hlai people, distributed in the mountains of
central and southern Hainan, are probably the earliest
settlers of the island. Nowadays, Hlai is the largest
indigenous population on the island with a population
of more than 1.2 million (2000 census), comprising
14.7% of the whole population in Hainan. The language
of Hlai people belongs to the most primordial branches
of the Tai-Kadai linguistic family (Thurgood, 1994;
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Wang et al., 2004). According to linguistic and cultural
diversity, Hlai can be divided into five subgroups, Ha,
Gei, Zwn, Moifau, and Jiamao.

Knowledge of the history of Hlai populations is
limited as very few archaeological studies have been
carried out in Hainan. However, genetic studies allow
an attempt to reveal the origin of Hlai and the peopling
of Hainan Island. From the paternal side, analyses of Y
chromosomal diversity of Hlai populations resolved
that haplogroups Ola” and O2a” are dominant among
Hainan aborigines. The frequency of the mainland East
Asia dominant haplogroup O3 is quite low, suggesting
that the Hainan aborigines have been isolated from the
mainland for approximately 20 000 years (Li et al.,
2008, 2010). From the maternal side, high frequencies
of mitochondrial DNA (mtDNA) lineages B4, M*, and
R9b was observed in 34 Hlai-Qi and 27 Jiamao
individuals in Hainan. Most Hlai haplotypes were
shared with Daic populations from southern China (Li
et al., 2007). The genetic affinity between Hlai and
populations of southern China has also been supported
by the study of Peng et al. (2011). This study analyzed
mtDNA variations of hypervariable sequence I and 11
(HVS-I and II) as well as partial coding regions of 285
Hlai individuals. They found that Hainan islanders
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showed a close relationship with the populations in
mainland southern China, especially from Guangxi,
suggesting that the recent gene flow from the mainland
might play important roles in shaping the maternal pool
of Hainan islanders (Peng et al., 2011). However,
because of the relatively poor representation of Hlai
subgroups in the sample collection, the genetic structure
of the Hlai populations remains poorly understood. No
research on the mtDNA wvariations of the Hlai
populations has been reported elsewhere. Therefore,
we analyzed mtDNA variations of 566 individuals
collected from all five Hlai populations, Gei, Ha,
Jiamao, Moifau, and Zwn, to uncover more clues to the
origin of the Hlai people.

1 Material and methods

1.1 Population samples

We collected blood samples of 566 healthy and
unrelated individuals from five Hlai populations (Gei,
Ha, Jiamao, Moifau, and Zwn) in Hainan province,
China. All individuals signed informed consent.
Genomic DNA was extracted through the classic
phenol—chloroform method.

1.2 Mitochondrial DNA markers

The HVS-I of the control region was amplified by
primers L15974 and H16488 (Yao etal., 2002). Purified
polymerase chain reaction products were sequenced
using the BigDye terminator cycle sequencing kit and
an ABI 3130XL genetic analyzer (Applied Biosystems,
Foster City, CA, USA). A SNaPshot assay was used for
typing single nucleotide polymorphisms (SNPs) in the
coding regions to confirm haplogroup identity. This
assay was designed as a multiplex panel including
21 coding region SNPs and one length variation
marker (Qin et al., 2010). Both the HVS-1 motif and
the coding region variations were used to infer
haplogroups according to the classification of Kivisild
et al. (2002).

1.3 Statistical analyses

Molecular diversity, population structure esti-
mates, and genetic distances between populations
were calculated using Arlequin version 3.11 (Excoffier
& Lischer, 2010). Classical frequency spectrum tests,
such as Tajima’s D, Fu & Li’s D, D*, F, and F*, were
calculated using DnaSP5.0 to detect deviation from
neutrality (Tajima, 1989; Fu & Li, 1993; Fu, 1997;
Librado & Rozas, 2009). Neighbor-joining unrooted
trees based on Fgr statistics were carried out using MEGA
5.1 (Saitou & Nei, 1987; Tamura et al., 2011) to
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visualize relationships among Hlai populations. Net-
works of the mtDNA HVS-1 motifs were constructed
by the median-joining method (Bandelt et al., 1999)
using Network version 4.5.1.6 (Fluxus-engineering.
com). Coalescence times of haplogroups of interest
were calculated by the p statistic method (Forster
et al., 1996; Saillard et al., 2000) using recently
corrected calibrated mutation rate: 19 171 years per
mutation in HVS-I (16090-16365) (Soares et al., 2009).
It is worthy of note that the age generated could be only
intended as a rough guide for relative haplogroup ages.
The reasons are that: (i) the mutation rates used in time
estimation are in debate; and (ii) some haplogroups had
already differentiated before their arrival in Hainan
Island.

Reference population data on the Y chromosomes
of Hlai groups (Li et al., 2008) and mtDNA (Fucharoen
et al., 2001; Tsai et al., 2001; Oota et al., 2002; Tajima
et al., 2004; Wen et al., 2004a, 2004b, 2005; Black
et al., 2006; Hill et al., 2006, 2007; Trivedi et al.,
2006; Li et al., 2007; Wong et al., 2007; Lertrit
et al., 2008; Irwin et al., 2008; Dancause et al., 2009;
Jin et al., 2009; Mona et al., 2009; Zimmermann
et al., 2009; Maruyama et al., 2010; Peng et al., 2010,
2011; Tabbada et al., 2010; Yang et al., 2011; Wang
et al., 2012) were retrieved from published works.

2 Results and Discussion

2.1 Population summary statistics

We typed 566 individuals from five Hlai pop-
ulations, Gei, Ha, Jiamao, Moifau, and Zwn. Mito-
chondrial DNA HVS-I sequences showed high levels of
diversity, as measured by the number of polymorphic
sites, number of haplotypes, the mean number of
pairwise differences, and haplotype diversity (Table 1).
For the entire Hlai population sample, a total of 203
different haplotypes were defined by 122 variable sites
in the HVS-I dataset. All five studied populations
showed moderate genetic diversities, close to the
average of East Asia and Southeast Asia populations.
The haplotype diversity of the Hlai groups ranged from
0.944 to 0.986, with the lowest haplotype diversity
observed in Moifau (0.944) and the highest in Zwn
(0.986). Measures of population growth (Tajima’s D,
Fu’s Fs, and Fu & Li’s D* and F*) all gave negative
values for each population, with the exception of
Jiamao and Zwn for Fu & Li’s D*. However, all of the
negative values except Fu’s Fs of each population were
not significant. When we combined those five
populations into one Hlai group, all the four tests
yielded significant negative values. This result might
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Table 1 Molecular diversity indices and growth summary statistics for Hlai population groups, Hainan Island, China
N h S Diversity indices Growth statistics
Haplotype MNPD (SD) Nucleotide Tajima’s P Fu’s Fs P Fu & P Fu & P
diversity (SD) diversity (SD) D Li’s D* Li’s F*

Gei 112 52 69 09704+0.006 8.621+4.012 0.0196+0.0101 —1.085 0.132 —24.606 0.0000 —0.773 >0.10 —1.118 >0.10
Ha 122 60 67 0.985+0.003 8.464+3.943 0.0192+0.0099 —1.017 0.145 —24.598 0.0000 —-1.100 >0.10 —-1.372 >0.10
Jiamao 101 55 73 0.98240.004 9.090+4.218 0.0207+0.0106 —1.149 0.110 —24.580 0.0000  0.256 >0.10 —0.426 >0.10
Moifau 103 45 72 0.944+0.012 8.301+3.877 0.0189+0.0098 —1.293 0.073 —24.689 0.0000 —1.243 >0.10 —-1.545 >0.10
Zwn 128 75 81 0.986+0.004 8.357+3.895 0.0190+0.0098 —1.403 0.051 —24.598 0.0001 0.151 >0.10 —0.688 >0.10
Total 566 203 122 0.987+0.001 8.715+4.029 0.0198+0.0101 —1.471 0.023 —23.947 0.0030 —-2.507 <0.05 —-2.429 <0.05

h, number of haplotypes; MNPD, mean number of pairwise differences; N, number of sequences; P, probability value; S, number of polymorphic sites; SD,

standard deviation.

suggest very low levels of growth across the Hlai
groups.

2.2 Mitochondrial DNA haplogroup profiles

All the samples were assigned to mtDNA
haplogroups using a combination of HVS-I sequence
motifs and SNPs distributed around the coding region
of the mtDNA genome. A total of 43 haplogroups or
paragroups (unclassified lineages within a clade marked
with an asterisk (%)) were identified (Table S1). Among
the five groups, Ha shows the highest degree of
heterogeneity, with 30 lineages, followed by Zwn (29)
and Jiamao (26), and the other two populations have 24
lineages each. Almost all the mtDNA lineages in Hlai
groups are East Asian-specific haplogroups, including
those from Northeast Asia (A, D, G, M8a, C, and Z) and
southern China or Southeast Asia (B, F, M7, and R9).
The frequencies of Northeast Asian haplogroups in Gei,
Ha, Jiamao, Moifau, and Zwn are 16.07%, 13.12%,
10.89%, 14.56%, and 21.88%, respectively. However,
Jiamao, Ha, Moifau, Gei and, to a lesser extent, Zwn,
show a considerable proportion of southern China or
Southeast Asia lineages (81.19%, 77.87%, 77.67%,
75.00%, and 62.50%, respectively) (Table S2). The
high frequencies of southern haplogroups are consistent
with our previous paternal Y chromosome study (Li
et al., 2008) which suggested that the specific lineages
of southern areas of mainland East Asia (haplogroups
Ola-M119 and 02al1-M95) are also dominant in Hlai
groups.

2.3 Phylogeography of macrohaplogroup N
However, mtDNA haplogroup frequencies vary a
lot among the Hlai populations (Table S2). Haplogroup
R and its subhaplogroups (F and B) represent the
majority of the lineages branching from the super-
haplogroup N. Haplogroup Flal and Flb comprise
20.39% and 18.45% of Moifau people, respectively. In
the other four Hlai populations, however, those two
haplogroups are observed at moderate or relatively
low levels (Zwn: 0, 2.34%; Gei: 9.82%, 2.68%;
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Jiamao: 3.96%, 3.96%; Ha: 5.74%, 2.46%). At the
haplotype level, one haplotype (16129-16162-16172-
16304-16399) was carried by 90.48% of Moifau Flal
individuals and the other haplotype (16189-16304-
16311) also contributed 89.47% of Moifau Flb,
suggesting a strong bottleneck or founder effect in
the maternal population history of Moifau. It is
noteworthy that haplogroup Fla4, which was previous-
ly suggested as one of the candidate lineages for a
mid-Holocene Taiwanese dispersal (Hill et al., 2007;
Tabbada et al., 2010), was also detected, albeit limited,
in Hlai groups except Moifau (from 1.79% in Gei to
0.82% in Ha). Haplogroup B4 is characterized by
subhaplogroup B4b1 in Hlai groups but its frequency
decreases northward, from Ha (10.66%) and Jiamao
(8.91%) to Gei (5.36%), Zwn (3.91%) and Moifau
(2.91%). Haplogroup BS5 is largely represented by B5a
in Gei (7.14%), Zwn (4.69%), Ha (4.10%), Jiamao
(2.97%), and Moifau (1.94%).

One of the basal mtDNA lineages R22 was
reported in the Nicobar Islands (Trivedi et al., 2006),
Nias islands (van Oven et al., 2011), and shows a
concentration in eastern Indonesia (Hill et al., 2007).
R22 was also detected in Cham, Thailand, and
Cambodia (4.2%, 1.1%, and 6.5%, respectively)
(Peng et al., 2010). R22 might represent indigenous
Southeast Asian lineages. However, R22 was also
found in Gei at a frequency of 0.89% in this study,
which might reflect very recent gene flow, or probably
represent ancient maternal lineages tracing back to the
first settlers in Hainan. Haplogroup N*, a sister clade
of haplogroup R, is largely represented by N9a in
Hlai populations. Specifically, haplotype N9a-16311-
16390, which predominates in Maonan (12.5%) and
other populations at the border of Guangxi and Guizhou
(Li et al., 2007), comprises 63.64% of all the N9a
samples in Hlai.

2.4 Phylogeography of macrohaplogroup M
The frequencies of superhaplogroup M in Hlai
populations also vary heavily, ranging from 54.46% in
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Gei to 21.36% in Moifau. Within this superhaplogroup,
haplogroup M7 and its subhaplogroups (M7b, M7bl1,
M7cl1, and M7¢) were found to predominate in the Hlai
maternal gene pool, which represents nearly a quarter of
individuals in Zwn and Jiamao, and one third of Gei and
Ha. Correspondingly, these haplogroups are rare or
absent in Moifau. It is noteworthy that haplogroup M7*
and M7b show geographical differential distributions
among the four Hlai populations (Zwn, Gei, Jiamao,
and Ha). Higher proportions of M7b are observed in the
northern populations (Zwn and Gei: 11.72%, 9.82%,
respectively) compared to that in the southern groups
(Jiamao and Ha: 5.94%, 5.74%, respectively). In
contrast, M7" comprises 11.88% and 12.30% of Jiamao
and Ha, but only accounts for 3.13% and 4.46% of Zwn
and Gei. At the haplotype level, one haplotype (16129-
16223-16297) comprises 64.10% of Hlai M7b samples.
Haplogroup M7e represents roughly 10% of Gei and
Ha, but only comprises 6.25% of Zwn and less than 1%
of Moifau and Jiamao. Within M7e, only one haplotype
was found among 12 Gei individuals, whereas five were
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found among the Hlai. Haplogroup D, the sister clade of
haplogroup M”, accounts for more than 10% of Zwn
and Gei, but only comprises 3.96% of Jiamao.
Specifically, subhaplogroup D5 represents the majority
of haplogroup D samples in Gei (8.04%) and Moifau
(7.77%), as well as Ha (4.92%). In contrast, D4a
accounts for 6.25% of Zwn.

2.5 Population structure

The detailed genetic patterns among Hlai groups
and other East Asian and Southeast Asian populations
were discerned with the aid of additional published
mtDNA datasets. We carried out a principal component
analysis using the mtDNA haplogroup frequencies of
Hlai groups in this study and another 65 populations
(Fig. 1). The first principal component revealed a clear
geographic division between ISEA (islands of South-
east Asia, including Taiwan) and mainland East and
Southeast Asia. Hlai groups were clustered together
within the MSEA (mainland Southeast Asia) and MEA
(mainland East Asia) group. Haplogroups M8, M7b, C,

Olava
Cambodia
O Qorang Asli
2
TimorQ QOsumba
ADanga
Alor_ 1 Osumatra
LembataQ @) Opgali
1 Qpantar Jiamao_2 A
I S EA OBorneo Thailand AHlai-qi
SolorQ Q'ndonesia : Lin
g0 A
M8vu Malay® cham MSEA Acelong 1
Alor_2Q OL bok Vietnam elong.
Tsould ombo A Gelong_2
T Adonara
ao iliobi i
Puyuma I Ophilippine K|nhO Csui H a i nan
Sulawesi Dong-Laka[T[] A moifau Azun
0 Mulam AHa
Flores Ambon
O O Dong-Kam D DHan-Guangdong
Maonal Aliamao_l
GeihA +L Han-Yunnan
Minz-Zhuan i
CPaiwan il Wizo
CJAmis D Yao
Saisiatd
e E3Bunun Solomon Island M EA
-1 Ta IWaN  new ireland Admiralties
Rukaicg A g:;sgllr‘}‘g\lnlleGuinea [JHan-Shandon,
Atayal 3 Fiji New Britain ¢
o Philippine
°\° West New Guinea .
N Near Oceania 0Ov Autsat
0
(=2)
—
2| N
O
a.
PC1 (16.74%) Lmibetan
-1 0 1 2

Fig. 1. Principal component analysis plot based on mitochondrial DNA haplogroup frequencies of 70 populations from East Asia and Southeast Asia.
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Fig. 2. Neighbor-joining tree of Hlai groups and other populations in
Hainan, China.

and G contributed most to the MSEA and MEA pole. In
contrast, haplogroups E, P, Q, and M7c were found to
contribute most to the ISEA pole. To visualize the
detailed relationships among Hlai populations and other
Hainan populations, a neighbor-joining unrooted tree
was constructed using the HVS-I sequences using
Slatkin’s linearized Fgr as the genetic distance between
populations using Meca 5.1 (Saitou & Nei, 1987;
Tamura et al., 2011) (Fig. 2). An obvious geographical
division was observed in the neighbor-joining tree, in
that northern Hainan groups (Gei, Zwn, and Gelong)
cluster away from southern Hainan populations (Ha and
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Jiamao). However, Moifau fell out of the Hlai group,
probably because of the high frequencies of its founder
lineages, Flal and F1b.

2.6 Network analysis

However, the analysis based on the haplogroup
frequency comparison could be misleading due to the
quickly changing frequencies of the mtDNA lineages
caused by positive selection or genetic drift (Yang
et al., 2011; Lu et al., 2012). A network analysis of
individual lineages will most likely offer a better
investigation of maternal relations among Hlai groups
and other populations (Li et al., 2007; Qin et al., 2010).
Based on the mtDNA HVS-1 motif and SNP-
determined haplogroups, the networks of mtDNA
haplogroups A, B, B4, B4a, B4bl, B5, B5a, B5b,
D4a, D4b, D5, F*, Flal, Flb, F2b1, G2a, M7b, M7bl,
MS8a, M12, N*, N9a, R9b, and R9¢ were analyzed
(Fig. 3). More than half of all the Hlai samples were
found sharing haplotypes with individuals from
southern China and MSEA. In the networks of B4,
D4b, D5, Flb, F2bl, and M12, some Hlai samples
formed almost exclusive clades with few individuals

Dda . - D4b

Flb c F2b1

Hlai
. Hainan
- S.China
A Taiwan
PAFAN ISEA
R ™. B ViSEA

Fig. 3. Networks of mitochondrial DNA showing the gene flow between Hlai and other populations in Hainan, South China, Southeast Asia, and Taiwan.
The Network program was run at the default settings with the same weight for each single nucleotide polymorphism. Node sizes are proportional to the
individual numbers of haplotypes. The lengths of the lines between nodes are proportional to the step numbers of the mutations. ISEA, islands of Southeast

Asia; MSEA, mainland Southeast Asia; S.China, southern China.
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from other populations. Most Hlai samples were also
clustered in exclusive clades with other Hainan
aborigines in the networks of M8a and R9b. Those
exclusive haplotypes might represent the first settlers on
this island. Hlai groups and other Hainan aborigines,
descendants of the first settlers, probably had undergone
bottlenecks or founder events in their history, and
remained genetically isolated for a long period of time.
Some Hlai samples were clustered with Taiwan
individuals in exclusive clades in the networks of F~,
Flal, and M7b. Those shared lineages might be
ancestral haplotypes, and their descendent haplotypes
depicted star-like networks surrounding those exclu-
sive clades, which probably indicated population
expansions.

2.7 Neutrality tests

To validate the authenticity of these star-like
expansion signals in the networks, we used population
growth statistics (Fu’s Fs) and frequency spectrum tests
for deviation from neutrality (Tajima’s D and Fu & Li’s
D, D', F, and F*) to show the differences of the
expansion and selection effects among lineages
(Table 2). Significant negative values of these tests
indicate positive selection, purifying selection, or
demographic expansion effect. Significant negative
Fu’s Fs values were detected in B*, B4a, F*, F1b, M7b,
and R9b. It is particularly noteworthy that F1b also
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showed significant negative values for frequency
spectrum tests, together with another two lineages,
B4bl and Flal.

2.8 Time estimation

Time estimates of the approximate ages of several
high-frequency branches in specific haplogroups of
Hlai were also carried out (Table 3). The mtDNA
lineage history generally falls into three phases, the first
at approximately 50—40 thousand years ago (kya), the
second from 40 tol5 kya, and the third from 15 kya.
The first phase of Hainan mtDNA lineage history
represents the initial settlement of the island as part of
the African dispersal ~50 kya. During this time, which
coincides with the last Ice Age when the sea level was
much lower than it is today, the island was still
connected with mainland Southeast Asia and East Asia.
Hainan acted as one of the routes of modern human
migration from Southeast Asia to East Asia. The second
phase reflects recurrent colonization events from
mainland Asia before the Last Glacial Maximum
(LGM), which was recorded by many wide distributed
lineages across Southeast Asia and East Asia, such as
F*, Bda, D4a. The third phase reflects population
expansions after the LGM and Neolithic migrations in
and out of Hainan Island. Strong population expansions
were detected under lineages F1b, M7b, and R9b. Low
levels of population growth were also observed in

Table 2 Growth summary statistics and frequency spectrum tests for deviation from neutrality

Haplogroup Tajima’s D Fu’s Fs Fu & Li’s D Fu & Li’s D* Fu & Li’s F Fu & Li’s F*
A 0.379 —2.262° 0.796 0.762 0.822 0.753
B? —0.823 —4.388° —0.438 —0.226 —0.671 —0.44
B4 0.498 0.587 —0.266 —0.131 —0.029 0.058
Bda —1.238 —9.448* —1.828 —1.948 —1.971 —2.024
B4bl —~1.909* —2.346° —1.718 —3.060" —2.147° —3.163%
B5 —0.607 —0.024 —1.012 —0.972 —1.093 —0.994
B5a —1.727° —2.268° —2.002° —2.052° —2.304° —2.286°
B5b —0.797 2.598 0.513 —0.797 0.339 —0.753
D4a —1.422 —1.549 —1.044 —1.375 —1.375 —1.549
D4b 0.334 0.536 0.792 0.888 0.803 0.825
D5 —1.03 —1.504° —1.876 —1.942 -1.92 —1.943
F? —1.471 —5.175° —2.002° -1.92 —2.200° —2.092°
Flal —1.546 —1.865° —1.074 —2.744* —1.468 —2.773%
Flb ~1.814* —3.658° —2.715% —2.980° —2.895% —3.066*
F2bl 1.289 —0.317 0.855 0.866 1.131 1.125
M7? —0.94 —2.172° —2.207° -1.86 —2.117° —1.833
M7b —1.271 —3.193° —0.407 —0.342 —0.827 —0.752
M7b1 —1.346 —2.422° —0.725 —1.782 —1.093 —~1.902
M7cl —0.302 0.263 —0.803 —0.519 —0.814 —0.507
M7e 0.084 —2.077° —0.44 —0.376 —0.329 —0.277
M8a 0.69 —0.935 1.291 1.236 1.319 1.25
M12 —0.649 —0.293 —0.881 —1.352 —0.978 —1.332
N? —0.504 —0.714 —0.473 —0.504 —0.575 —0.539
N9a 0.073 —2.639° 0.12 —0.096 0.128 —0.059
R9b —1.23 —3.432° —0.217 —0.822 —0.606 —1.079
R9c 0.751 —2.286° 1.399° 0.704 1.425 0.838

P < 0.05 (numerals in bold).

©0.05 < P < 0.1. Haplotype L3¢ was used as an out group when calculating Fu & Li’s D and F.
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B4
M7b
15976 + 12441

Time (years BP £ SD) 49670 £ 13158 50768 + 13364 27036 £ 7357
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Flb

Time (years BP + SD) 9876 + 3897 8594 + 8594

BP, before present; SD, standard deviation.

Table 3 Estimates of the coalescence time of selected mitochondrial DNA haplogroups inferred from the p statistic within Hainan

Haplogroup
Haplogroup
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B4bl, B5a, Flal, M7bl, M7e, and R9c. As a
consequence of environment change after the LGM
period, selection also started to play a role in the
population adaptation process (Table 2).

2.9 Comparison between paternal and maternal
lineages

Our previous studies into Y chromosome diversity
of Hlai populations resolved that haplogroups Ola™ and
0O2a" are dominant among Hainan aborigines. The
exclusive clades in the short tandem repeat (STR)
networks of those two haplogroups suggest that the
Hainan aborigines have been isolated at the entrance to
East Asia for about 20 000 years (Li et al., 2008). In this
study, we have also detected some isolated mtDNA
lineages in Hlai. The genetic patterns in human societies
are often influenced by their cultural practices, such as
residence patterns and subsistence strategies (Forster &
Colin, 2011). Therefore, the mtDNA results of this
study give us a good opportunity to test whether the
sex-biased cultural practices also have an influence on
relatively isolated populations. We used amova to
reveal the possible genetic differences of paternal Y
chromosome and maternal mtDNA between Hainan
aborigines. The Y chromosome STRs (Fst = 0.080 22)
have distinctly higher diversity among populations than
mtDNA HVS-I (Fst = 0.023 13), suggesting that
women have moved more widely between communities
in the past than men. Such sex-biased dispersal and
admixture patterns remain even after correcting for the
different mutation rates of the Y chromosome STRs and
the mtDNA HVS-I. Although the society of the Hlai is
patrilineal nowadays, matriarchy probably dominated
ancestral Hlai societies for a very long time. Frog grain
and LiMu worship, tattoos of Hlai women, and
Neolithic pottery pattern of reproduction worship are
all thought to be vestiges of matriarchal society. That is
to say, this sex-biased genetic pattern began to emerge a
few thousand years ago, after the transition from
matriarchy to patriarchy occurred in those isolated
populations. Cultural practices probably play an
important role in shaping human population genetic
structures. However, we still could not rule out other
possible interpretations, for example, that there might
be a higher effective population size in ancient Hlai for
females than for males, so that the original mtDNA
variation of Hlai was less affected by genetic drift.
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