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ABSTRACT Mitochondrial DNA (mtDNA) polymor-
phism has been studied systematically in the Han, Tibeto—
Buman, and Hmong-Mien ethnic families of southern
East Asia. Only two families in this region, Daic and Aus-
tro—Asiatic, were still uninvestigated. Daic is a major eth-
nic family in South China and Southeast Asia and has a
long history. To study mtDNA polymorphism within this
family, all the Daic populations of China and some of Viet-
nam (774 individuals from 30 populations) were typed
by HVS-1 region sequencing and by PCR-RFLP assays.
The observed high Southern type frequencies (B, F, M7,
R) confirmed Daic as a typical Southern group. mtDNAs
of other populations (126 individuals from 14 populations)
from Austro—Asiatic ethnic families neighboring the Daic
were also typed. Networks of mtDNA haplogroups in
South China were traced from these new data and those

Modern humans have lived in South China for at least
30,000 years, since the age of the Liujiang Man, discov-
ered in Guangxi, China, in 1958 (Wu, 1959). Genetic
studies show that populations in North China derived
from populations in South China (Su et al., 1999). A
large number of anthropological studies suggested that
South China is the motherland of many ethnic groups
throughout East Asia and the Pacific. There have been
migrations from South China to Southeast and North-
east Asia and other neighboring areas during prehistory
and history. The most famous among these migrations
was the migration of Austronesian populations, which
are believed to have left the coast of South China about
6,000 years before the present (kybp) and spread
throughout the Pacific (Zhang, 1987; Diamond, 1988;
Bellwood et al., 1995). The genetic structure of popula-
tions in this area is, therefore, pivotal in forming of eth-
nic patterns in east Eurasia.

There are many ethnic families besides Han Chinese
in South China, such as the Daic, Hmong-Mien (HM),
Tibeto—Burman (TB), Austro—Asiatic (AA), Taiwan abo-
rigines (TA) and the Malayo—Polynesians (MP). Among
these populations, the Daic (also called Baiyue in Chi-
nese) is the largest and most widespread. The total pop-
ulation of the nine official Daic nationalities in China is
25.8 million (2000 census). However, the population of
the Daic descendants assimilated by Han Chinese is

©2007 WILEY-LISS, INC.
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from the literature. Ethnic families share many hap-
logroups, indicating their common origin. However, the
two largest families in South China, Daic, and Hmong-
Mien, polarized into several ethnic family specific hap-
logroups. Haplogroup ages were estimated in the net-
works of high-frequency haplogroups (B, F, M7, R), and
they were found to originate about 50,000 years ago. In
contrast, ethnic family specific haplogroups all originated
around 20,000 years ago. We therefore conclude that mod-
ern humans have lived in South China for a long time,
inside-ethnogenesis was a rather late event, and frequent
inmixing was taking place throughout. MtDNA data of
Daic, Austro-Asiatic and other populations in South China
has therefore proven pivotal for studying the human his-
tory of East Asia. Am J Phys Anthropol 134:481-488,
2007. ©2007 Wiley-Liss, Inc.

most probably even larger than this number (Song,
1991). Moreover, there are about 80 million (Grimes,
2002) Daic in Thailand, Laos, Vietnam, Myanmar, and
India who migrated from South China. So in size, the
Daic population is second only to the Han, and is far
larger than any other ethnic family in South China.
Until the arrival of the Han (Wen et al., 2004a), the Daic
were the aboriginal ethnic group of China’s southeast
coastal zone, which extends from Shanghai to Hanoi
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Fig. 1. Ethnic divisions in South China before the Han’s
southward expansion. Dashed lines are the ethnic divisions.
Dotted lines are the province borders. Dashed dotted lines are
the country borders. Solid lines are rivers and sea lines. Impor-
tant cordilleras between ethnic areas are marked in the map.

(Kuaiji to Jiaozhi, Song, 1991), although most of the Daic
populations reside to the west of Hong Kong now. Thus, the
genetic structure of the Daic is one of the most important
parts of the study of South China’s genetic structure.
Mitochondrial DNA is a powerful tool in population
history studies, and it claims a vital role in global
human population research (Shriver and Kittles, 2004).
mtDNA in South Chinese populations is also being
explored. Population data from certain areas have been
reported in succession, especially data from the minor-
ities of the Yunnan province in Southwest China (Yao
and Zhang, 2002). Ethnic families are also being system-
atically investigated, and the first family investigation to
be completed was that of TB. mtDNA polymorphisms of
most of the TB populations in China were found to have
a northern origin, while also having had absorbed a
large proportion of southern lineages (Wen et al., 2004b).
Han populations were also studied systematically, and a
mixed structure, similar to that of TB, was found (Wen
et al., 2004a). Similar studies were performed in the HM
family, but these data show less mixing of northern line-
ages with the southern lineages (Wen et al., 2005). Data
of TA have also been reported (Tajima et al., 2003).
Overall, mtDNA research in South China is relatively
complete, except for that of the major group, the Daic,
and for the AA group in outlying regions. As is widely
known, the Han and TB groups moved from Northern
China (Su et al., 2000), and while the Han settled
throughout South China, the TB settled mainly in remote
areas of Southwestern China. The TA and MP groups,
natives of South China, have smaller populations and
now reside in the Southeast islands far from the main-
land. Therefore, the ethnic groups of most relevance to
our study in South China are the HM and Daic. Knowing
their genetic structure would contribute to a full under-
standing of the original genetic structure of Southern
China. Although the AA group is far to the Southwest, it
is still of significant value as a reference population con-
sidering it is so ancient a group (the ancient distribution
of groups mentioned above refers to Fig. 1). As a result,
we will analyze the matrilineal genetic structure of South
China by exploring the mitochondrial DNA polymor-
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phisms of all Daic populations and many AAs, eventually
combining our data with that from other groups.

Through the analysis of mtDNA, we expect to discover
which mtDNA polymorphisms represent the matriline-
age of South China, when they were formed, and how
and when they branched out geographically. In this way,
we hope to ascertain the timetable of modern human set-
tlement and fragmentation in South China, and thus to
provide a sturdy foundation for the original genetic
structure of the whole of East Asia.

MATERIALS AND METHODS

Blood samples of 774 individuals from 30 Daic popula-
tions across South China and Vietnam were collected
with FTA cards (Whatman), covering almost all of the
Daic populations in China. There are also 126 individu-
als from 13 AAs and one Sino-Tibetan population, bring-
ing the total sample size to 900. All of the donors are
unrelated and gave their consent to the study. The data
from the populations studied is shown in Table 1.

An mtDNA fragment containing the HVS-1 region was
amplified by primers L15974 and H16488 (Yao et al.,
2002a), and the purified PCR product was sequenced
using the BigDye terminator cycle sequencing kit and an
ABI 3100 genetic analyzer (Applied Biosystem). Primers
were also designed for amplifying multiple fragments con-
taining 12 RFLP polymorphisms in the coding regions,
and most of the PCR products were digested by restric-
tion enzymes: 9bp deletion, 10397 Alul, 10394 Ddel, 663
Haelll, 5176 Alul, 4831 Hhal, 12406 Hpal, and 9824
Hinfl (Kivisild et al., 2002; Yao et al., 2002a). The addi-
tional variations, 3010, 4715, 5417, and 10310, were geno-
typed by directional sequencing or PCR-RFLP assay by
engineering restriction sites in the primers (primer infor-
mation and genotyping protocol for all the coding region
variants are shown in Supplementary Table 1).

The 464bp long HVS-1 sequences (16024-16488) were
edited and aligned against the revised CRS (Andrews et al.,
1999) using DNASTAR software (DNASTAR). All of the 900
HVS-1 sequences from 53 populations have been submitted
to Genbank (Accession number: EF654716-EF655616).

Haplogroup affiliation of each mtDNA sequence was
inferred by combined use of the HVS-1 motif and diagnos-
tic variants in the coding regions following Kivisild et al.
(2002) and Kong et al. (2003a). Median joining networks
(Bandelt et al., 1999) were constructed by NETWORK
software (www.fluxus-engineering.com) to investigate
detailed lineage relationship within each haplogroup. Co-
alescence time and its standard error of the haplogroups
were calculated by the methods developed by Forster
et al. (1996) and Saillard et al. (2000), respectively. The
reference data of other groups in East and Southeast Asia
used in networks were obtained from the literature (Horai
et al., 1996; Wen et al., 2003, 2004a,b, 2005; Qian et al.,
2001; Yao and Zhang, 2002; Kivisild et al., 2002; Yao
et al., 2002a,b, 2003, 2004; Tajima et al., 2003; Kong
et al., 2003b), including that for the Daic, AAs, HMs, TAs,
Sino-Tibetans, and some Altaic populations.

RESULTS
Distribution and specificity of haplogroups
Almost all of the samples were genotyped and their

haplogroups were confirmed (Supplementary Table 2)
(Table 2). The most common Daic haplogroups are B4a,
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mtDNA OF DAIC AND AUSTRO-ASIATIC

Fla, M7b1, B5a, M7b*, M*, R9a, and R9b, in order of
frequency, and the total percentage of these common
haplogroups is 48.8%. In the remote AA populations, the
most common haplogroups in order of frequency are Fla,
M*, D*, F1b, N*, C, M7b*, M7b1, and Flala. This list is
noticeably but unsurprisingly different from that of the
Daic’s. The percentage of the first three haplogroups for
the AA populations alone totals 50.8%. The Daic’s hap-
logroup list is similar, however, to that of the HM’s (B5a,
B4a, M*, M7b* C, B4bl, M7bl, Fla, B4* and R9b,
totaling 50.6%), and is based on these two Southern pop-
ulations, the Daic and the HM (Wen et al., 2005), we can
conclude that B, M7, F, and R are the most characteristi-
cally Southern haplogroups. Among Daic populations,
the frequencies of these four Southern specific hap-
logroups total 66.4%, which is higher than the totals in
either the AA population (48.9%) or the HM population
(58.9%). Moreover, the frequency of these haplogroups is
decreased in more northern populations, such as in
the Han (40.8%), the more northern Tibeto—Burman
(87.5%), and the northernmost Altaic (16.3%). These four
haplogroups are, therefore, essential to the study of
matrilineage in South China.

Network analysis of related groups

To create networks in the Daic, AA, MP, HM, Sino—
Tibetan, and Altaic populations, we used HVS-1 motifs (see
Supplementary Table 2) from the haplogroups with high
frequencies in South China (Fig. 2) as well as previously
published haplogroup and HVS-1 data (Horai et al.,
1996; Wen et al., 2003, 2004a,b, 2005; Qian et al., 2001;
Yao and Zhang, 2002; Kivisild et al., 2002; Yao et al.,
2002a,b, 2003, 2004; Tajima et al., 2003; Kong et al.,
2003b). We marked each ethnic family in the network by
color, but we separated the coastal Han, those from
Shanghai to Guangxi, from the remaining population,
taking into consideration that there may be a large num-
ber of Daic descendents in the coastal Southeastern Han
populations, especially among the Southern specific hap-
logroup ones.

The networks contain large nodes with primary, sec-
ondary, and sometimes further branching representing
shared haplogroups among ethnic families. The networks
clearly show greater differences in haplogroups between
Northern and Southern populations than between eth-
nicities. For example, some branches contain a variety of
unrelated ethnic families who are geographically close.
However, some haplogroups, such as M7b and B4-16140
(subhaplogroup under B4 with 16140 derived allele),
remain approximately specific to one ethnic group, in
this case the Daic. Han samples from the Southeast
coastal zone are the closest to the Daic samples phyloge-
netically, sharing the most haplotypes. Although link-
ages, which is to say, haplogroup similarities, between
the Daic and the HM are also common, there are still
fewer linkages than between the Southeastern Han and
Daic. The linkages between the Daic and the Han exist
mostly in smaller branches, however; those between the
Daic and the HM are more primary. Differentiation
among the subfamilies of Daic is difficult. The Tai sub-
family is especially varied, indicating a history of strong
population expansion.

Time estimate

We conducted time estimates of the approximate age
of several relatively high-frequency branches in specific
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haplogroups of the South China populations. The results
have a standard deviation of about 1/3. R is a primary
haplogroup that branches off about 70,000 years ago,
while branches for B, F, and M7 are each around 50,000
years old. Most other ancillary branches are 40,000
years old. There is not much contradiction for the corre-
sponding relationship between the phylogenesis of hap-
logroup and branch age. For the age of each branch and
the phylogenic tree refer to Figure 3.

In the root nodes at the very base of the network, the
HM and the Daic are not differentiable. However, in the
first ancillary branches where differentiations begin to
occur, the groupings are extremely HM or Daic specific,
with no more than one outlier per branch. All of the hap-
logroups with ethnic distinctions differentiated within
the last 30,000 years, and most differentiated within the
last 20,000. The largest ethnic specific haplogroups
became distinguishable no more than 10,000 ago, which
is also about when the most terminal ends of the net-
works differentiated. The population fragmentation in
the terminal ends is obvious. According to the time table
in Figure 3, the mtDNA lineage history generally falls
into three phases, the first around 55-25 kybp, the sec-
ond from 25-9 kybp, and the third from 9 kybp present.

DISCUSSION

The Daic contain most Southern specific
mtDNA haplotypes

mtDNA haplogroup distribution in South and North
China is obviously unequal (Yao et al., 2002a; Kong
et al., 2003a; Wen et al., 2004a,b, 2005), and the hap-
logroups B, M7, F, R, which are common in South China,
are clearly of Southern origin. These Southern hap-
logroups exist in high frequencies in the Daic, HM, and
AA populations, indicating that these three ethnic fami-
lies are native to South China. The Daic are acknowl-
edged to be the descendants of the Baiyue, a famous, an-
cient ethnic family, which according to Chinese historical
records lived in the coastal zone that now exists between
Shanghai and Hanoi 2,000 years ago. This family, in
turn, descended from the most powerful ethnic family in
South China 8-2,000 years ago (Song, 1991). Their
ancestors had comparatively advanced cultures (Song,
1991) (Hemudu Culture, Liangzhu Culture, etc) in these
areas during prehistory, and they may have lived in
South China for at least 30,000 years. When the Han
began to expand southward in 2 kybp (Wen et al.,
2004a), a large number of the Baiyue were assimilated
by the Han. Others migrated westwards to become
today’s Daic populations. Thus, we can find a high pro-
portion of mtDNA haplogroups similar to the Daic in
southeastern Han populations.

The Daic population has been shown to have a promi-
nent place in population studies of South China, and an-
cient DNA from archaeological sites in the southeastern
coastal zone can be used to better trace the footprints of
the Daic’s ancestors. These studies could reveal much of
the population history in the entire Southern region.

Among the Daic, the HM, and the AA groups, the
Southern haplogroup frequency is highest in the Daic
and lowest in the AAs, although the AAs are neverthe-
less regarded as a native Southwestern population. The
overall frequencies of B, M7, F, R are high in the South-
east but become lower in the populations to the north-
west. We therefore conclude that the Daic, the HM, and
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Fig. 2. Networks of the mtDNA haplogroups that are in high-frequency in South China derived from East Asian population
data. Triangles represent the networks’ roots. Dark green nodes represent Daic individuals (G: Gelao; Q: Hlai; K: Kam-Sui; D: Tai;
U: Unclassified); orange: Austro—Asiatic (A); amaranthine: Hmong—Mien (M); blue: Taiwanese (T) and Malayo—Polynesian (P); light
green: southeast coastal Han (E); lime green: Han—Mandarin (S: South; N: North); incarnadine: Tibeto—Burman (B); light indigotic:
Altaic (C). The blue background marks the ethnic specific sub-haplogroups. [Color figure can be viewed in the online issue, which is

available at www.interscience.wiley.com.]

the AA haplogroups are Southeast specific rather than
South China specific.

One explanation why these Southern specific hap-
logroups seem to gather in the Southeast might be that
the AA population in Southwest China was affected by
TB returning from the North, thus reducing much of the
Southern specificity. However, the Han and the TB popu-
lations share a geographic origin and were indistinguish-

able before their southward migration, so any affect the
TB population may have had on the AA should be rela-
tively equal to the effect the Northern Han had on the
Daic. Noticeable differences between the AA and the
Daic should therefore not occur, but they do. Another ex-
planation may be that because modern humans entered
South China by more than one route and because the
few original populations in South China were very small,
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independent genetic drift would have taken place in the
populations of East and West transmigrants. Southern
specific haplogroups then randomly became plentiful in
the East while there were relatively few in the West. It is
possible that we, therefore, find many fewer southern
haplogroups in the Northern populations because they
arose from the Western populations, and the difference in
frequencies of Southern specificity is traceable to this day.

History of modern East Asian’s entry into
South China

Because the four main haplogroups (B, M7, F, R) are
all around 50,000 years old, the ancestor groups of mod-
ern East Asians likely differentiated at that time when
the original mutations were formed. However, these
ancestors still had probably not settled in East Asia at
that point. The genetic data must be compared to other
anthropological evidence to give an estimate for the time
of the modern East Asians’ entry into South China.
According to palaeoanthropological evidence, this must
have taken place more than 30 kybp. As a result, the
migration should have taken place in the period between
50 and 30 kybp, which is consistent with the research on
the East Asian Y chromosome (Jin and Su, 2000). After
the first settlement of modern East Asians in South
China, there was a long pause before the diversification
of populations occurred.

Population fragmentation

Basing on our research, the fragmentation of Southern
Chinese populations began around 20 kybp, when ethni-
cally specific haplogroups were formed. Low population
density, which allowed all of the original migrants to
remain in the southernmost part of China, may be one
reason that the population did not differentiate earlier
or upon their arrival. Population growth around 20 kybp
may then have caused the subsequent differentiation.
Inmixing between groups, however, was still quite com-
mon. Therefore mtDNA haplogroups, even some of those
branching later than 20, 000 years ago, were still found
in a wide range of ethnic groups. In fact, the populations
may well have diverged geographically before 20 kybp,
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but the high frequency of inmixing may have homoge-
nized the population’s haplotypes. However, after about
20 kybp, the genetic exchange was almost cut off, either by
natural or social factors or a mixture of the two. No specific
social cause is known, but a natural disaster in the form of
the peak of a glacial age may well have been the cause of
the sudden end of genetic inmixing (Fig. 3, Shi et al., 1989).
The freezing weather very likely not only reduced commu-
nication between populations but also may have altered
their conditions of survival. The original modern East
Asian was probably forced to move to different areas segre-
gated by the cordilleras (Fig. 1), and this segregation was
apt to spur the gradual shaping of the diversity between
populations afterwards. The differentiation was culturally
magnified over 10,000 years concomitant with ever less
genetic communication, and the presently observed diver-
sity of populations, represented by the Daic, the HM, and
the AA of South China, was finally formed. Two most im-
portant archaeological cultures, Hemudu and Daxi, formed
in the region of the Daic and the HM, respectively, around
8 kybp. Based on mtDNA data, population mixing has
never fully stopped, so the differences that exist among the
AA, HM, and Daic are still increasing, albeit very slowly.
Unsurprisingly, then, the groups closest geographically are
also comparatively close in mtDNA haplotype data. This
interchange not only takes place among Southern groups,
but also occurs between Southern and Northern groups
and is likely more frequent between the Northern groups
moving southwards and the Southern aboriginal groups
already there.

Much information can be obtained about the original
settling of South China and the subsequent differentia-
tions of its populations using mtDNA polymorphisms.
However, mtDNA only shows the matrilineal genetic
history of South China. The genetic information to be
gleaned from South Chinese Y-chromosomes might
reflect a very different genetic structure, and is, there-
fore, a vital complement to mitochondria research.
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