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Abstract

The Mosuo people are currently the only matrilocal population in China. The origins of the population and their matrilocal
tradition remain unknown. To address these questions, we studied the mitochondrial DNA (mtDNA) diversity of the Mosuo.
Lower mtDNA diversity is expected in matrilocal populations because the women remain with their families after marriage,
and there is generally less movement of mtDNA genomes in matrilocal populations. However, the haplotype diversity of this
population is not lower than the neighboring patrilocal populations, indicating that the Mosuo started practicing matrilocality
at least after the Paleolithic Age. A previous haplogroup frequency clustering study indicated that the Mosuo are closest to the
Naxi people, but the network analysis of individual sequence haplotypes presented herein shows that most Mosuo lineages
cluster with Pumi lineages. Therefore, we concluded that the Mosuo people have the closest genetic relationship with the

Pumi, and that they started to practice matrilocality several thousand years ago.
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Introduction

Human mitochondrial DNA (mtDNA) is passed onto
the next generation through maternal lineages; there-
fore, it is the only genetic material available to trace
the matrilineal history of individuals or populations.
However, because most present-day populations
have been practicing patrilocality (i.e. a practice in
which females are exchanged frequently among
populations) for many years, maternal lineages form
very complex networks, making it difficult to trace the
matrilineal history of these populations. Therefore,
paternal genetic material (i.e. Y chromosome
lineages) is much simpler and more helpful in
understanding the population history in patriarchal
populations (Su et al. 1999; Jin and Su 2000; Jobling
and Tyler-Smith 2003). Nevertheless, there are still a
few matrilocal populations in the world. MtDNA is
therefore most useful in reconstructing the origins of

these rare matrilocal populations. These populations
also provide unique opportunities to study the
population genetics of human mitochondria. In
theory, there is less movement of mtDNA genomes
in matrilocal populations because women tend to stay
with their families after marriage. Here we examine a
well-known matrilocal population in China, the
Mosuo, to find an approach that could reveal their
accurate maternal history.

The Mosuo, the last living matrilocal population in
Mainland China (Gottner-Abendroth 1999), have a
population of around 53,000 (2010 census), mostly
distributed around Lugu Lake, on the border of
Yunnan and Sichuan provinces (Figure 1). The
present language of the Mosuo belongs to Tangut-
Qiang branch of the Sino-Tibetan language family.
Ethnographic studies suggest that the Mosuo were
believed to be descendants of the ancient Qiang tribes.
The ancient Qiang group is believed to be the ancestor
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Mosuo

Figure 1. Geographic location of the Mosuo people and the ethnic groups around.

of all Sino-Tibetan populations. They originally lived
in Northwest China, and some migrated to Southwest
China about 2700 years ago, where they diversified
into several branches. Among these branches, the
Tangut-Qiang is most similar to the ancient Qiang (He
1999; You 1997).

The origin of the Mosuo’s matrilocality has been a
controversial subject in Chinese anthropological
literature. Some suggest that the Mosuo might have
come from the ancient Qiang, and that matrilocality
might have been practiced by all Sino-Tibetan
populations, including Han Chinese (Zhong and
Xiao 2008). Others think that the Mosuo are a
recently admixed population, and the frequent
mercantile travels of the men resulted in the
matrilocality (Liu 2004, 2008). A study of the recent
origin of the Mosuo might shed light on their adoption
of matrilocality.

Although the Mosuo people are officially registered
as the Naxi in Yunnan province and as Mongolian in
Sichuan province, such official registrations have been
contested for not reflecting the ethno-history of the
population. The larger populations surrounding the
Mosuo, including the Lolo, Naxi, Pumi, and Khamba
Tibetan, have been considered as possibly contribut-
ing to the Musuo’s origin and/or gene pools (Wen et al.
2004b; Figure 1). Cultural influences from neighbor-
ing populations on the Mosuo are evident (Xu 2004).

As there are few available historical records of the
Mosuo, genetic studies could be helpful in recon-
structing its origin. A study of Y-STR polymorphisms
among five Chinese minorities shows that the Tibetan
and Mosuo peoples are closest in paternal lineage
(Yang et al. 2004). However, paternal origin may be
inconsequential for a matrilocal population. Our

previous study of the Mosuo people suggests that
they have various paternal origins, and therefore
cannot identify a definitive source of genetic origin
(Wen et al. 2004b). The maternal lineages of the
Mosuo bear the strongest resemblance with those
found in Naxi (Wen et al. 2004b). However, the
results based on the haplogroup frequency compari-
son could be misleading due to the variability of the
mtDNA lineage frequencies, since most mtDNA
lineages are widely shared, and their frequencies
among the population are changing quickly by positive
selection or genetic drift (Yang et al. 2011). A network
analysis of individual lineages will most likely offer a
better means of investigating maternal relations
among populations (Li et al. 2007; Qin et al. 2010).

Methods
Popularions and data

Peripheral blood samples from 47 Mosuo individuals,
14 Naxi individuals, and 18 Pumi individuals from
various villages were collected for this study, with an
approval from the Ethics Committee of the Fudan
School of Life Sciences. Each subject was adequately
informed and signed consent forms in either Chinese
or Tibetan. For those who could not speak Chinese
or Tibetan, the informed consent was translated into
their respective languages. The subjects were all
healthy and not related within five generations. Data
(Table I) pertaining to neighboring populations were
obtained from existing literature (Yao and Zhang
2002; Yao et al. 2002; Wen et al. 2004c). Data
pertaining to the Naxi and Pumi were published in our
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Table I. Information for populations examined.
Population Language Location N Reference
Mosuo ST, TB, Tangut-Qiang Ninglang, Yunnan 47 This study
Naxi ST, TB, Loloish Lijiang, Yunnan 44 Wen et al. (2004c)
Pumi ST, TB, Tangut-Qiang Ninglang, Yunnan 35 Wen et al. (2004c)
Hani ST, TB, Loloish Xishuanbanna, Yunnan 80 Wen et al. (2004c)
Bai ST, TB, Bai Dali, Yunnan 55 Wen et al. (2004c)
Dai Daic Jinghong, Yunnan 38 Yao and Zhang (2002)
Jino ST, TB, Loloish Xishuanbanna, Yunnan 18 Wen et al. (2004c)
Lisu ST, TB, Loloish Gongshan, Yunnan 37 Yao and Zhang (2002)
Lahu ST, TB, Loloish Xishuanbanna, Yunnan 15 Wen et al. (2004c)
Miao HM, Hmongic Wenshan, Yunnan 142 Wen et al. (2005)
Nu ST, TB, Nu Gongshan, Yunnan 30 Yao and Zhang (2002)
Lolo/Yi ST, TB, Loloish Shuangbai, Yunnan 87 Wen et al. (2004c) and Yao
and Zhang (2002)
Tibetan ST, TB, Himalayish Zhongdian, Yunnan, 35 Wen et al. (2004c)
ST, TB, Himalayish Qinghai 56 Wen et al. (2004c)
ST, TB, Himalayish Deqin, Yunnan 40 Yao and Zhang (2002)
Tu Altaic, Mongolic Huzhu, Qinghai 35 Yao and Zhang (2002)
Tujia ST, TB, Loloish Western Hunan 96 Wen et al. (2004c)
Yao HM, Mienic Malipo, Yunnan 394 Wen et al. (2005)

Note: ST, Sino-Tibetan; TB, Tibeto-Burman; HM, Hmong-Mien. Haplogroup frequencies of the populations are in Table S1.

previous paper (Wen et al. 2004b), and the genotype
data on Mosuo were generated in this study.

MiDNA HVS-1 region sequencing

The hypervariable segment 1 (HVS-1) region of
mtDNA was amplified by the primers 1.15996 and
H16401 (Lum et al. 1998). PCR products were
purified by resin. The purified PCR product was
sequenced using the Big-Dye Terminator Cycle
Sequencing Kit and an ABI 3100 Genetic Analyzer
(Wen et al. 2004a,c, 2005). Sequence Analysis 3.3
software (BigDye Terminator Cycle Sequencing Kit,
AppliedBiosystems, Foster city, CA, USA; ABI 3100
Genetic Analyzer, Applied Biosystems, Foster City,
CA, USA) was used to extract sequences.

The HVS-1 sequences were edited and aligned
against the revised Cambridge reference sequence
(CRS; Andrews et al. 1999) using DNASTAR
software (DNASTAR, Madison, WI, USA). All the
HVS-1 sequences of the Mosuo people in this study
are included in GenBank (HM215521-67).

Data analysis

Haplotype diversity was calculated using Arlequin
software (Version 3.11; Arlequin software, University
of Bern, Bern, Swiss) (Excoffier et al. 2005). The
mutation model used here was the Kimura two-
parameter model with a gamma shape parameter
(alpha) of 0.26 (Jin and Nei 1990). Networks of
mtDNA HVS-1 motifs were constructed by the
median-joining method (Bandelt et al. 1999) using
Network version 4.5.1.0 (Fluxus-engineering.com).
The time to the most recent common ancestor
(TMRCA) and their standard error of the haplogroups

observed in Mosuo were both estimated by the
methods developed by Forster et al. (1996) and
Saillard et al. (2000), and calibrated using a mutation
rate of one transition every 20,180 years.

Results

We detected 35 mtDNA HVS-1 motifs within 11
haplogroups from the 47 Mosuo individuals (Table IT).
Lower mtDNA diversity is usually expected in the
matrilocal populations with long histories. However,
we found that the mtDNA HVS-1 haplotype diversity
of Mosuo (0.9843) is not always lower than those of
surrounding patriarchal populations, but even higher
than those of the Naxi and Pumi (Table III). Mean-
while, this pattern is less clearly reflected in the
haplotype mutation-drift statistic (6,), segregating
sites mutation-drift statistic (6s), or the mean number
of pairwise differences (7). 0 is the expected level of
diversity in a population in terms of the mutation rate
and drift. Different estimators of 6 should give the
same value in a neutrally evolving population.
However, in the presence of natural selection or
other evolution processes, these estimators might vary
greatly. For instance, 7 is a sample size independent
measurement of nucleotide diversity, and 6s is clearly
dependent on the length and the number of sequences
analyzed. Taking into account all of these diversity
estimators, the Mosuo are considered intermediate
among comparative populations.

There may be three mechanisms for a matrilocal
population that would result in a population not
exhibiting low mtDNA diversity: large population
size, frequent admixture with other populations, and
short matrilocality history (i.e. only several hundred
or thousand years). Large population size may result
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in high diversity; however, the Mosuo is a very small
population and, aside from matrilocality, does not
display a lifestyle different from neighboring popu-
lations. Therefore, it is unlikely that the maternal
population size of the Mosuo is larger than that of
neighboring populations. Admixture between Mosuo
and neighboring populations is frequent but only in
paternal lineages (Mu 1990; Liu 2004, 2008). Social
studies have proven that maternal lineages of
matrilocal populations are seldom exchanged with
other populations (Gottner-Abendroth 1999), which
also proves to be true in our later analyses. The last
possible explanation for this pattern is that the Mosuo
might have switched from patrilocality to matrilocality

very recently, and that their matrilocal society has not
yet left visible effects on their genetic structure. We
tried to estimate the time of coalescence for the Mosuo
lineage clusters; however, present methods can only
give very rough estimates and are not helpful in
realizing TMRCA of the Mosuo. In Figure 2, ages of
some clusters had extremely large standard errors and
were therefore unreliable. The others with moderate
standard errors included 5045 *+ 2912 years (Clade
2), 7338 = 2427 years (Clade 4), 8072 = 5708 years
(Clade 5), and 8649 *+ 3223 years (Clade 6), mostly
during the Neolithic Age, indicating that the Mosuo
may not be a population that has existed since
Paleolithic Age, as previously suggested. The short

Table II. MtDNA HVS-1 motifs of the Mosuo people.

Haplogroup HVS-1 motif (16,000 +) Frequency Sample GenBank accession no.
A 129 223 239A 290 319 362 1 MOS36 HM215537
B4 187 189 217 264 1 MOS4 HM215540
69 189 197 217 223 311 362 380 1 MOS14 HM215523
187 189 217 2 MOS3 HM215532
MOS46 HM215545
189 217 311 362 2 MOS34 HM215558
MOS40 HM215541
B5a 140 189 266A 270 1 MOS5 HM215546
38C 85 140 189 228G 266A 1 MOS7 HM215547
42C 91T 140 189 225A 266A 270 1 MOS31 HM215534
46 140 189 266A 1 MOSI11 HM215549
140 189 266A 3 MOS18 HM215552
MOS26 HM215530
MOS50 HM215564
C 189 223 293 298 357 1 MOS49 HM215563
111 189 223 293 298 349 357 1 MOS23 HM215528
223 298 311 327 354 357 1 MOS37 HM215538
92 129 223 298 311 327 357 4 MOS1 HM215521
MOS2 HM215525
MOS17 HM215551
MOS42 HM215542
Dx* 158 223 234 274 362 1 MOS10 HM215548
158 223 234 362 1 MOS43 HM215561
223 232 362 1 MOS15 HM215524
86 223 271 338C 362 1 MOS20 HM215554
223 362 2 MOS21 HM215526
MOS39 HM215539
86 223 362 2 MOS44 HM215543
MOS45 HM215544
D5 42C 163 189 223 242 296 300 362 380 1 MOS27 HM215531
D5a 92 111 129 164 189 223 266 362 1 MOS33 HM215557
92 111 129 164 179 189 223 266 362 MOS29 HM215556
MOS32 HM215535
MOS38 HM215559
Fl1b 189 212 232A 249 304 362 1 MOS6 HM215565
189 232A 249 304 311 343C 1 MOS12 HM215522
189 232A 249 304 311 376 1 MOS35 HM215536
189 304 1 MOS30 HM215533
189 304 351 1 MOS9 HM215567
189 232A 249 304 311 2 MOS19 HM215553
MOS41 HM215560
F2a 185 266G 291 304 1 MOS8 HM215566
185 266G 291 304 362 1 MOS48 HM215562
F* 86 167 304 318 1 MOS24 HM215529
M13 145 148 188 189 223 1 MOS13 HM215550
145 148 223 381 1 MOS22 HM215527
145 148 223 1 MOS25 HM215555
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Table III. Diversity indices of the 16 populations, based on 360-bp-length sequences (from neighboring populations 16,024—16,383) of

HVS-1 region.

Population  n* H' (SE) K* st I (SE) 0 (95% CI) 6. (SE) 6s (SE)

Lahu 15  1.0000 (0.0243) 15 36 8.010 (3.943) NA 8.010 (4.421)  11.072 (4.343)
Bai 55 0.9960 (0.0046) 50 78  7.343 (3.489)  261.24 (120.82-614.98)  7.343 (3.870)  17.048 (4.941)
Lolo 87  0.9952 (0.0026) 71 91  8.057 (3.778)  178.02 (107.65-303.32)  8.058 (4.185)  18.065 (4.807)
Dai 38 0.9943 (0.0082) 35 59  8.283 (3.924) 209.67 (82.10-597.94)  8.283 (4.360)  14.042 (4.429)
Tujia 96  0.9936 (0.0028) 74 75  7.202 (3.405) 146.21 (93.04-234.45)  7.202 (3.771)  14.602 (3.888)
Hani 80  0.9905 (0.0048) 64 80  7.318 (3.461) 146.38 (87.93-250.76)  7.318 (3.835)  16.151 (4.397)
Tibetan 132 0.9874 (0.0029) 79 79  6.423 (3.061) 82.10 (57.78-117.00)  6.423 (3.389)  14.479 (3.667)
Yao 394 0.9866 (0.0021) 190 117  6.767 (3.196)  143.72 (116.72-176.80)  6.767 (3.535)  17.856 (3.791)
Mosuo 47 0.9843 (0.0083) 35 61  8.047 (3.805) 60.52 (32.95-114.43)  8.047 (4.223)  13.811 (4.188)
Tu 35 0.9832 (0.0112) 27 56  7.538 (3.605) 52.32 (25.74-110.99)  7.538 (4.008)  13.598 (4.370)
Miao 142 0.9832 (0.0048) 97 87  6.482 (3.085) 133.61 (94.15-191.04)  6.482 (3.415)  15.734 (3.910)
Naxi 44 0.9810 (0.0102) 33 61  8.534 (4.021) 58.31 (31.10-112.88)  8.534 (4.465)  14.023 (4.300)
Pumi 35 0.9798 (0.0159) 29 50  7.555 (3.612) 76.87 (35.81-175.48)  7.555 (4.016)  12.141 (3.939)
Jino 18 0.9739 (0.0293) 15 34 7.111 (3.500) 39.68 (14.47-118.30)  7.111 (3.914) 9.885 (3.755)
Lisu 37 0.9520 (0.0171) 20 45  8.413 (3.983) 17.01 (9.03-32.05) 8.413 (4.427)  10.780 (3.498)
Nu 30 0.8483 (0.0363) 8 27 7.120 (3.436) 3.226 (1.409—7.040) 7.120 (3.823) 6.815 (2.426)

*Sample size; THaplotype diversity; ¥ Number of different haplotypes; ¥ Number of segregating sites; S Average number of pairwise

differences.

history of the Mosuo’s matrilocality is also supported
by several anthropological studies (Mu 1990; Liu
2004, 2008).

Our previous analyses based on the
haplogroup frequency data (Table S1) suggest that
Mosuo are most similar to the Naxi, a neighbor in
the south. However, that does not mean that
the Mosuo share a common maternal ancestor. A
detailed mtDNA sequence comparison among popu-
lations will be more reliable for population
relationship evaluation. We used the Network pro-
gram for an HVS-1 sequence comparison.

The six major mtDNA haplogroups (B4, B5a, C,
Dx*, D5a, and F1b) encompass over 80% of the Mosuo
samples. The origins of these haplogroups may reflect
the origins of the founders of the population. A
network of these six haplogroups was reconstructed for
populations from the region (Figure 2). The branch
length between each of the two haplotypes in the
network is proportional to the number of mutations (or
nucleotide differences) between the individuals with

relevant haplotypes. Most populations are scattered all
over the network, indicating high diversity in maternal
lineages as well as an ancient common ancestors for
Sino-Tibetan populations. If the Mosuo (M) was
closest to the Naxi (X), as we previously showed, or
shared or connected haplotypes are expected between
the two populations in Figure 2, we would expect them
to share a recent common ancestor. However, no such
relationship was seen in the network, strongly arguing
against the assumption that the Mosuo and Naxi share
a recent common ancestor in their maternal lineages.
(NB: A few haplotypes connect the two populations,
e.g. B5a, D*, but such connections are indirect or
connected to the ancestral haplotype and are therefore
not informative). However, most Mosuo haplotypes
are shared or connected to Pumi haplotypes (Clades
1-3in Figure 2). Some are also close to Mien (Clade 4)
or Lolo (Clade 5), or found in unique clades (Clades 6
and 7). This provides strong evidence for the affinity
between the Mosuo and Pumi in the maternal lineages.
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Figure 2. An mtDNA HVS-1 haplotype network of the populations in Southwest China. Note: A, Lahu; B, Bai; D, Dai; H, Hani; I, Miao
(Hmong); J, Jino; L, Lisu; M, Mosuo; N, Nu; O, Yi (Lolo); P, Pumi; T, Tu (Tughun); U, Tujia; X, Naxi; Y, Yao (Mien); Z, Tibetan.
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Discussion

Inferring origin(s) of a population from modern
genetic data is a considerable challenge. In this
study, the great distance between the Mosuo and Naxi
in the network is inconsistent with similar
haplogroup frequencies of the two populations.
This indicates that simply comparing haplo-
group frequencies among populations is not sufficient
in mtDNA data analyses and sometime even results in
large bias. A network analysis can offer more details
and higher resolution about population relationships.
In this case, the close relationship between the
Mosuo and Pumi revealed by the network analysis is
a more reliable finding. Small sample sizes could
underestimate haplogroup percentages, diversity
indexes, and TMRCA for a population growing at a
constant rate, in theory, because some deep phylogeny
branches might be missing. However, the probability
of capturing both sides of the basal split in a sample of
n lineages is estimated as (z — 1)/(n + 1) (Saunders
et al. 1984; Henn et al. 2009). This would mean that
there is an 87.5% chance of observing the deepest
branching divergence from our smallest sample of the
Lahu (15 samples).

The genetic resemblance of the Mosuo and Pumi is
supported by other evidence; for example, the two
ethnic groups have much in common in terms of
culture, language, and clothing (Guo and He 1994).
These similarities can be explained as legacies from the
common ancestor of the Mosuo and Pumi people.
According to our results, most Mosuo maternal
lineages share a recent common origin with the Pumi,
and share some common origins with other neighbors
such as the Lolo. However, the matrilocality of the
Mosuo is probably not a legacy from their common
ancestor with the Pumi or Lolo, because neither the
Pumi nor Lolo have evinced practicing matrilocality
recently. It is certainly possible that matrilocality could
have been practiced by their common ancestors;
however, to explain why only the Mosuo have kept
this tradition is difficult under this assumption. The
Mosuo are not really isolated from the Pumi or the
Lolo, but rather they are quite possibly a part of Pumi.
Therefore, the most probable explanation is that
Mosuo started matrilocality not long ago, and a
possible reason for abandoning patrilocality is the
frequent mercantile travels of their men.
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