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Summary

The eastern Himalayas are located near the southern entrance through which early modern humans expanded into East
Asia. The genetic structure in this region is therefore of great importance in the study of East Asian origins. However,
few genetic studies have been performed on the Sino-Tibetan populations (Luoba and Deng) in this region. Here, we
analyzed the Y-chromosome diversity of the two populations. The Luoba possessed haplogroups D, N, O, J, Q, and R,
indicating gene flow from Tibetans, as well as the western and northern Eurasians. The Deng exhibited haplogroups
O, D, N, and C, similar to most Sino-Tibetan populations in the east. Short tandem repeat (STR) diversity within the
dominant haplogroup O3 in Sino-Tibetan populations showed that the Luoba are genetically close to Tibetans and the
Deng are close to the Qiang. The Qiang had the greatest diversity of Sino-Tibetan populations, supporting the view of
this population being the oldest in the family. The lowest diversity occurred in the eastern Himalayas, suggesting that this
area was an endpoint for the expansion of Sino-Tibetan people. Thus, we have shown that populations with haplogroup
O3 moved into the eastern Himalayas through at least two routes.
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Introduction

The peopling of the Himalayas may be quite late relative to
other areas of eastern Eurasia, being settled only in the past
5000–7000 years (Huang, 1994). This region is now occu-
pied by many populations speaking Sino-Tibetan languages.
Tibetan speakers, including Monba, Bhutanese, Sikkimese,
and northern tribes in Nepal (Lewis, 2009), reside in the
western Himalayas, and can trace their origins back to the
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Tibetan expansion in the recent 2000 years (Huang, 1994).
In the eastern Himalayas between Tibet and Assam, two main
populations reside in the region, the Luoba (synonym of Adi)
and Deng (synonym of Mishmi) (Kang et al., 2010). How-
ever, we know very little about how and when the Luoba
and Deng arrived in this region. The languages of these two
populations belong to the North Assam branch of the Sino-
Tibetan language family, and thus provide no clear evidence
for their origins. Therefore, we investigated genetic diversity
in these populations to clarify their origins and biological
relationships to other Sino-Tibetan groups.

The best genetic systems to use for tracing population his-
tory are the Y chromosome (Jin & Su, 2000; Underhill et al.,
2000; Jobling & Tyler-Smith, 2003) and the mitochondrial
DNA (Wallace, 1994). The mitochondrial DNA data from the
region of the Tibetan Plateau and the Himalayas have revealed
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that there have been multiple population expansions into the
plateau (Fornarino et al. 2009; Qin et al., 2010), although
these data have provided limited information about the mi-
gration routes into the Himalayas. Therefore, we attempted
to elucidate the population origins of the Luoba and Deng by
studying their Y-chromosome diversity, since the Y chromo-
some has diversified into dozens of haplogroups among the
world populations (Y-Chromosome-Consortium, 2002).

Among these paternal lineages, haplogroup O3 is the dom-
inant haplogroup in Sino-Tibetan populations (Shi et al.,
2005), and therefore, is the most useful paternal lineage for
studying the expansion history of Sino-Tibetan populations.
In this paper, we investigated Y-chromosome variation in the
Luoba and Deng people, and analyzed the phylogeography
of haplogroup O3, to explore the migration routes of Sino-
Tibetan people into the eastern Himalayas. Our data suggest at
least two migration routes from North China into this region.

Materials and Methods

Population Samples

The saliva samples collected and analyzed in this study include
90 Deng from Zayü County of Nyingtri Prefecture, and 130
Luoba from Mainling County of Nyingtri Prefecture. All
individuals gave their informed contents before their partic-
ipation in the study. This study was approved by the Ethics
Committee of Fudan University, School of Life Sciences.

To obtain a more comprehensive picture of the genetic
affiliation of the Himalayan populations to groups from East
Asia, Y-chromosome data from 75 populations were com-
piled from the literature (Shi et al., 2005; Gayden et al., 2007;
Gan et al., 2008; Shi & Su, 2009) (Table S1). The com-
parative groups included populations speaking Sino-Tibetan,
Altaic, Tai-Kadai, Hmong-Mien, Austro-Asiatic, and Indo-
European languages. Unpublished data from North Assam
provided by the Genographic Consortium South Asian Re-
gional Center were also included in the analyses, although the
original data were omitted.

Y-Chromosome Genotyping

The samples were typed through seven panels of 75 single
nucleotide polymorphisms (SNPs), as listed in the latest Y-
chromosome phylogenetic tree (Karafet et al., 2008). The
panels were organized as follows: Panel 1 (within Haplogroup
O), M175, M119, P203, M110, M268, P31, M95, M176,
M122, M324, M121, P201, M7, M134, M117, 002611,
P164, L127 (rs17269396), KL1 (rs17276338); Panel 2 (non-
Haplogroup O), M130, P256, M1, M231, M168, M174,
M45, M89, M272, M258, M242, M207, M9, M96, P125,

M304, M201, M306; Panel 3 (Haplogroup C), M217; Panel
4 (Haplogroup D), P47, N1, P99, M15, M125, M55, M64.1,
M116.1, M151, N2, 022457; Panel 5 (Haplogroup N), M214,
LLY22g, M128, M46/Tat, P63, P119, P105, P43,M178;
Panel 6 (Haplogroup R), M306, M173, M124, M420,
SRY10831.2, M17, M64.2, M198, M343, V88, M458, M73,
M434, P312, M269, U106/M405; Panel 7 (Haplogroup Q),
P36.2.

These binary markers were hierarchically genotyped with
a SNaPshot R© Multiplex Kit (Applied Biosystems, Foster
City, CA) and fluorescent allele-specific PCR (Lehmann &
Romano, 2005). PCR products (fragments) were read on a
3730xl Genetic Analyzer (Applied Biosystems).

In addition, 14 short tandem repeat (STR) polymorphisms
(STRs: DYS19, DYS385a, DYS385b, DYS388, DYS389I,
DYS389II, DYS390, DYS391, DYS392, DYS393, DYS426,
DYS437, DYS438, DYS439) were typed using fluorescently
labeled primers for PCR amplification. The allelic data were
read on a 3100 Genetic Analyzer (Applied Biosystems).

All samples were successfully typed for SNPs, but 29 Luoba
and 21 Deng samples were not successfully typed for STRs.
Therefore, our STR analyses were based on the rest of the 61
Luoba and the 109 Deng samples.

Statistical Analyses

Haplogroups were assigned to each sample according to the
SNP haplotyping following the most updated Y-chromosome
nomenclature (Karafet et al., 2008). The haplogroup diversity
(H) is calculated as:

H = N
N − 1

(
1 −

∑
i

x2
i

)

where xi is the (relative) haplogroup frequency of each hap-
logroup in the sample and N is the sample size (Nei &
Tajima, 1981). Fst values (Nei & Kumar, 2000) for populations
were estimated for each subhaplogroup (namely, O3-M134
and O3-M117) of haplogroup O3 based on STR diversities,
using SPSS 15.0 software (SPSS, Chicago, USA). Multidi-
mensional scaling plots were constructed using Fst values and
SPSS. The phylogenetic relationships among STR haplotypes
were determined by constructing networks with Network
4.6 software (Polzin & Daneschmand, 2003), and ages of the
clades were also estimated in the networks using an evolu-
tionary mutation rate of 0.00069 (Zhivotovsky et al., 2004).
The average haplotype diversity within each population was
estimated from STR data using ARLEQUIN 3.0 software
(Excoffier et al., 2005) and plotted onto a geographic map
using Surfer 7.0 (Golden Software, Inc., Golden, CO, USA).
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Table 1 Y-SNP haplogroup frequencies (%) of the eastern Himalayans.

Haplogroup
Population C3 D∗ D1 D3 J N1∗ O∗ O3∗ O3a3c∗ O3a3c1∗ Q R∗ R1∗ R1a1 diversity

M217 M174 M15 P99 M304 LLY22g M175 M122 M134 M117 M242 M207 M173 M17
Luoba 1.54 3.08 16.15 0.77 34.62 1.54 0.77 2.31 30.77 0.77 2.31 1.54 3.85 0.7608
Deng 1.11 1.11 1.11 1.11 1.11 31.11 63.33 0.5072

Analyses of the molecular variations (AMOVA) were also
done using ARLEQUIN 3.0 software.

Genetic components of each individual were estimated
by STRUCTURE 2.2 (Pritchard et al., 2000) based on
STR data. If the data consisted of STR data of multi-
ple Y-chromosome SNP haplogroups, then the estimated
structure would presumably reflect something about the Y-
chromosome SNP tree and not population structure per se.
Therefore, we did STRUCTURE analyses on the STR data
of O3-M117 and O3-M134 separately.

In these analyses, reference populations were classi-
fied into seven groups: Northwestern Tibeto-Burman (Ti-
betan), Northeastern Tibeto-Burman (Qiang), Southwestern
Tibeto-Burman (northeastern India), Southeastern Tibeto-
Burman (South China and Indo-China), Han Chinese,
Northern Asian (Altaic), and Southeast Asian (Hmong-Mien,
Tai-Kadai, and Austro-Asiatic). The resemblances of any of
these groups to the Deng or Luoba were then examined with
the methods mentioned above.

Results

SNP Haplogroups

The pattern of Y-chromosome haplogroup diversity in a pop-
ulation can often provide a clear overview of its origin. The
two Himalayan populations, Luoba and Deng, exhibited quite
different patterns of Y-chromosome variation (Table 1). In
the Deng, O3 was the dominant haplogroup and C, D, and
N appeared as minor lineages. This pattern was similar to
that seen in many other Sino-Tibetan populations (Shi et al.,
2008). However, the Luoba showed a more complicated pat-
tern, having high frequencies of not only O but also N and
D, and also low frequencies of J, R, and Q. High frequen-
cies of O and D are commonly seen in Tibetans (Qian et
al., 2000). However, haplogroup N does not typically occur
at high frequency in East Asians but is observed in Uralic
populations from northern Europe (Rootsi et al. 2007). The
Luoba has a haplogroup diversity of more than three times
than that of the Deng. Low diversity mostly indicates a bottle-
neck effect. However, here two populations might both have
gone through bottlenecks, while later population admixtures

might have raised the diversity of Luoba. Therefore, based on
the SNP haplogroup patterns, the Luoba had more compli-
cated origins than the Deng, and were genetically closer to
Tibetans, whereas the Deng appeared very similar to other
Sino-Tibetan populations from South China.

Because haplogroup D might have been present in Tibetan
populations prior to the Last Glacial Age (Shi et al., 2008),
it may not be directly linked to the history of Sino-Tibetan
expansions. Conversely, haplogroup O3 is quite relevant for
the genetic history study of the Sino-Tibetan populations
because of its ubiquity in groups speaking these languages.
Thus, the subsequent analyses in this paper focus mostly on
the STR diversity within this haplogroup.

Cluster Analyses

To assess the relationships among the haplogroup O3 Y-
chromosomes from different populations and explore the ori-
gin of O3 in the Himalayas, we performed multiple clus-
tering analyses with the STR haplotypes from haplogroups
O3-M117 and O3-M134, two of the major subbranches of
O3 (Table S2). In our reference populations, haplogroup O3-
M117 was more widely distributed among the populations
than O3-M134, thus, more populations were included in the
analyses for haplogroup O3-M117.

The multidimensional scaling plot of FST estimates for O3-
M117 (Fig. 1A) distinguished the Tibetan populations (upper
left side) from the Qiang populations (lower right side). The
Luoba populations were positioned much closer to Tibetans,
while the Deng populations showed similarities to the Qiang.

For the other reference samples, the distribution was more
discrete but clusters were still observed. The southwestern
Tibeto-Burman populations from India were similar to
the Luoba and close to Tibetans, while the southeastern
Tibeto-Burman populations from China were close to the
Qiang and Deng. In the MDS plot of FST estimates for
O3-M134 Y chromosomes (Fig.1A), similar patterns were
found, with the Deng being close to the Qiang and the
Luoba being close to Tibetans.

Results of AMOVA between the Deng or Luoba and each
of the other population groups are displayed in Fig. 1B. In
both O3-M117 and O3-M134 haplogroups, the differences
between the Deng and the Luoba were pronounced. AMOVA
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Figure 1 Clustering analyses based on the STR data of Y haplogroup O3. (A) Multidimensional plots for the Sino-Tibetan
populations. (B) Pairwise AMOVA between the Deng or Luoba and other population groups. Variance components are displayed as
a histogram. Significance levels: ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.00001.

also grouped the Deng to Qiang and Han, and the Luoba to
Tibetans and Southwestern Tibeto-Burman.

We also performed network analyses for the two hap-
logroups (Fig. S1). However, the networks have low reso-
lution in distinguishing the populations from each other. We
also noted that most of the Deng O3-M134 haplotypes were
shared with those of the Han Chinese, and the Luoba O3-
M117 haplotypes were shared with those of the Tibetans. The
time was also estimated in the networks. The haplotype data
of the Luoba were too discrete for time estimate, while some
Deng haplotypes concentrated in several clades provided op-
portunity for estimate. Two clades were 2113 ± 798 (Clade 1)

and 2052 ± 1122 (Clade 2) years old, respectively, agreeing
with the results of the history studies (Huang, 1994).

The STRUCTURE software can extract some genetic
components out of a set of population data, and estimate
the frequency of each component for each individual sample.
When we set eight components for the East Asian samples
of O3-M117, the genetic structures of Luoba and Deng
were distinctly different (Fig. S2). The total samples were
roughly divided into two groups. Luoba was very similar to
the Tibetans and the southwestern Tibeto-Burman popula-
tions, while Deng was similar to the Qiang, Han Chinese, and
the Southeast Asians. In the structure of O3-M134 (Fig. S3),
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Figure 2 Average gene diversity map and the possible migration routes into the eastern Himalayas.

although there were not distinctly divided groups, the Deng
and Luoba were still well distinguished. The pattern of Deng
was most similar to some Han Chinese samples.

Average Gene Diversity

Usually, gene diversity is associated with the antiquity and size
of a particular population (Nei & Kumar, 2000). We there-
fore estimated the gene diversity of each population using the
STR data from haplogroup O3-M117, which appeared in
most of the populations being compared. Geographically, we
observed a single center with the highest gene diversity in the
area of the Qiang people (Fig. 2). This result suggested that the
Qiang might be the oldest population from the Sino-Tibetan
family, at least with respect to O3-M117. The gene diver-
sity also gradually declined along two routes in the eastern
Himalayas. The first moved through Qinghai and Tibet in a
counterclockwise direction, while the second passed through
Yunnan in a clockwise direction. The Luoba and the Deng
reside at the end of these two routes, respectively.

Discussion

Origin of Sino-Tibetan Populations

Haplogroup O3 is the dominant paternal haplogroup in Sino-
Tibetan populations (Shi et al., 2005), and therefore, is more
informative in revealing the history of those populations
than other haplogroups. There are around 20 subhaplogroups
within haplogroup O3, among which O3-M117 occurs at the
highest frequency (Yan et al., 2011). In fact, O3-M117 is the
only O3 subhaplogroup appearing in certain Sino-Tibetan
populations from the border of Yunnan and Tibet (Fig. 2).
For this reason, it is crucial to analyze haplogroup O3-M117
Y chromosomes when studying the genetic origin of Sino-
Tibetan populations, especially those from southeastern Tibet
(the eastern Himalayas).

A potential place for the origin of all Sino-Tibetan pop-
ulations is the region east of Tibet, as we found the highest
STR diversity of O3-M117 in the Qiang population from
this area. The ancient tales of the Han Chinese clearly trace
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their origin to the Qiang people (Wang, 1994). Archaeo-
logical findings also suggested that the Yangshao Culture of
approximately 7000 years ago had its origin in the region of
the Qiang people (Liu, 2005; Zhao et al., 2011). For members
of the Tibeto-Burman linguistic subfamily, most populations
had their previous names of “certain branches of Qiang,”
which was also recorded in ancient Chinese books (Ge, 1985).
Therefore, our genetic evidence supports data from historical
and archaeological studies that indicate the Qiang group to
be the origin of the Sino-Tibetan expansion.

Two Migration Routes into the Eastern
Himalayas

The migration(s) of Sino-Tibetan populations into the eastern
Himalayas might be much more recent than into other regions
of their present distribution, as quite low STR diversity was
found in the populations living in the eastern Himalayas. Our
genetic analysis suggests that there were at least two routes
of migrations into the region. The populations in the west-
ern part of the eastern Himalayas, including the Luoba and
most of the Sino-Tibetan populations from northeastern In-
dia, were closely related to Tibetans. The populations from the
eastern part of the region, including the Deng and some pop-
ulations near northern Myanmar, were related to the Qiang
and other southeastern Sino-Tibetan populations. Thus, our
data suggest that the Sino-Tibetan populations in the eastern
Himalayas arose through different expansion events based on
different sets of paternal lineages.

The routes indicated in the map of Fig. 2 were just a rough
estimate. A smoothing approach was used for the no data
areas, which is a limitation of the map (Rendine et al., 1999;
Sokal et al., 1999). Fortunately, population data along the
routes are relatively prevalent in this study.

Distinct Histories for Other Haplogroups
and Genetic Markers

The history of O3 lineages did not reveal the full histories
of the Sino-Tibetan populations. As we have shown, other
Y-chromosome haplogroups are present in our population
samples. These haplogroups may tell different stories of the
population origins. For example, haplogroup N might have
a very long history in this region since ancestral East Asians
first entered East Asia from this region, which was related to
the origin of the Uralic populations (Rootsi et al., 2007) and
worthy of further detailed studies. In addition, given that hap-
logroup D is a common paternal lineage in Tibet and Japan
(Qian et al., 2000; Su et al., 2000; Wen et al., 2004; Hammer
et al., 2006), we need to examine whether this haplogroup
was carried together with haplogroup O3 from the Tibetans

into the Luoba or whether it had been in this region before
O3 arrived. More interestingly, the presence of haplogroup J,
Q, and R lineages in the Luoba suggest some migration or
gene flow with populations from western or northern Eurasia.
Therefore, more detailed studies are definitely required to re-
veal those missing histories at one of the entrances of East Asia.

Other genetic markers than Y chromosomes have also
been involved in revealing the peopling of the Tibet and
Himalayas, including mitochondrial DNA, autosomal STRs,
and immunoglobulins. The mitochondrial DNA showed that
Tibetans have multiple origins, including a Paleolithic
origin from North Asia and a Neolithic origin from the
Qiangs (Qin et al., 2010). The Nepalese have mitochondrial
lineages from Sino-Tibetan, Indian, and western Eurasian ori-
gins (Fornarino et al. 2009). However, no data of mitochon-
dria have been report for the Luoba and Deng. Autosomal
STRs revealed that the Tibetan populations are all similar to
each other, while Luoba and Deng are quite unique with
pronounced signals of founder effects (Kang et al., 2010).
The data of immunoglobulins showed a similarity between
the Tibetans and the North Asians including the Northern
Han Chinese (Matsumoto, 1988), and no data of the Luoba
and Deng have been reported. Altogether, genetic studies for
the eastern Himalayas are quite limited, and the present data
of other genetic markers all agree with the conclusion of our
study.
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