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Abstract
The rugged topography of the Himalayan region has hindered large scale human
migrations, population admixture and assimilation. Such complexity in geographical
structure might have facilitated the existence of several small isolated communities in this
region. We have genotyped about 850,000 autosomal markers among 35 individuals
belonging to the four major populations inhabiting the Himalayas and adjoining regions. In
addition we have genotyped 794 individuals belonging to 16 ethnic groups from the same
region, for uniparental (mitochondrial DNA and Y chromosomal) markers. Our results in
the light of various statistical analyses suggest a closer link of the Himalayan and adjoining
populations to East Asia than their immediate geographical neighbours in South Asia. Allele
frequency based analyses likely support the existence of a specific ancestry component in
the Himalayan and adjoining populations. The admixture time estimate suggests a recent
westward migration of populations living to the East of the Himalayas. Furthermore, the
uniparental marker analysis among the Himalayan and adjoining populations reveal the
presence of East, Southeast and South Asian genetic signatures. Interestingly, we observed
an antagonistic association of Y chromosomal haplogroups O3 and D clines with the
longitudinal distance. Thus, we summarise that studying the Himalayan and adjoining
populations is essential for a comprehensive reconstruction of the human evolutionary and
ethnolinguistic history of eastern Eurasia.
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Introduction
The Himalayan mountain ranges extend from Pakistan in the West to the northeastern
Indian states and northern Burma in the East. More than three hundred distinct ethnic
groups and language communities have been documented in this region (Van Driem 2001).
The number of individuals living in the whole area is small due to the cold climate and
some inhospitable alpine habitats. It has been estimated that the population size of the
Himalayas tripled only in recent times, i.e. from 1901 to 1980 (Nandy and Rao 2001).
Trans-Himayalan is the second most populous language family in the world, comprising
more than 300 different languages, which can be divided into 42 subgroups (Van Driem
2001). Out of the 42 major linguistic subgroups, 30 live to the south of the Himalayas, 7 to

the north and east, and the remaining 5 are distributed over both the southern and
northern flanks (Van Driem 2001).
The prehistoric human settlement in this region remains poorly studied. It is still unclear
when the first human activities occurred in this region. The archaeological record in Nepal
suggests a long prehistory of human habitation, with abundant lithic material from the
Early, Middle and Late Palaeolithic periods as well as through the Mesolithic and Neolithic
periods (Corvinus and Erlangen Institut für Ur-und Frühgeschichte 2007). An Early
Palaelothic presence of the Acheulian tradition in the Early Middle Pleistocene is indicated
by Acheulian bifacial sand flake tools industry, with Levallois technology appearing in the
Middle Palaeolithic. Further, archaeological record suggest an increase in population
density at the end of the last glacial maximum (Field et al. 2007). The foothills of the central
Himalayas straddle the so-called Movius line, represent a transition zone between two
traditions of lithic expression and show affinity with coetaneous Occidental
technocomplexes as well as with technocomplexes in Southeast Asia (Schick 1994). The
Acheulian artefacts in the Śivālik region were made by archaic humans about 0.7 Ma
(Khanduri 2002; Ganjoo and Ota 2012; Leipe et al. 2014).

The Tibetan plateau was likewise occupied by modern humans during their first arrival in
Asia (Qiu 2015), and the Neolithic presence of modern humans both North and South of the
Himalayas is archaeologically widely attested (Khanduri 2002; Tewari 2007; Ganjoo and Ota
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2012; Wang et al. 2012; Leipe et al. 2014). During the Neolithic time many pastoralist

communities have made permanent settlements in this region. One such pastoral
community, the Changpa tribe in Ladakh, were thought to have originated from the ancient
tribes on the Tibetan Plateau (Ganjoo and Ota 2012; Leipe et al. 2014).
Genetic studies so far have suggested two different schools of thoughts (Torroni et al. 1994;
Su et al. 2000; Gayden et al. 2007; Qin et al. 2010; Wang et al. 2012; Huerta-Sánchez et al.
2014; Bhandari et al. 2015; Zhang et al. 2017). Some studies have suggested that the
Himalayan border formed a natural barrier for migratory animals including humans
(Papiha et al. 1989; Aggarwal et al. 2003; Gayden et al. 2007). However, there is also
evidence supporting the Himalayas as a corridor for human migrations (Debnath et al.
2011; Wang et al. 2012; Bhandari et al. 2015; Kang et al. 2016). These studies were mainly
based on a limited number of samples as well as low-resolution markers. Moreover, to
explore a detailed genomic ancestry of this region, one needs to cover the wider geographic
region as well as populations, whereas previous studies were largely inclined towards
Tibetan and Sherpa populations. Thus, to establish the temporal and spatial origin of
Himalayan and adjoining populations (HAAPs) and their affinity with East and South
Asians, we have undertaken an extensive study with more than 790 samples from the
political boarders of India, however their geographical spread is across the Himalayas (Fig.
1; Supplementary Table 1a; and Supplementary Text). Additionally, we have also assayed
two phenotype markers, the 1540C variant in EDAR, known to be positively selected among
East Asians (Bryk et al. 2008) and rs1426654 pigmentation gene SLC24A5 associated with
lighter skin colour among South Asians (Jonnalagadda et al. 2011; Basu Mallick et al. 2013;
Mishra et al. 2017). (Supplementary Table 8). We analysed these data to address four
major questions: Which geographic region or ethnic group share the closest genetic affinity
with the HAAPs? Do the HAAPs have any specific ancestry component? Since, we included
large number of populations from a diverse region of Himalaya we also addressed whether
we see any genetic cline of HAAPs? Is there any sex specific admixture pattern, as we see
among Indian Austroasiatic speakers?
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Results and Discussion
HAAP’s specific ancestry and genetic cline
First, we merged the high-quality autosomal SNP data of 35 samples from this study with
the available published data. The combined data was thereafter used in all our autosomal
analyses (Supplementary Table 1b and Supplementary Text). To have an insight at the inter
and intra population variation among the HAAPs, we computed the Fst distances
(Supplementary Fig. 1 and Supplementary Table 2). The HAAPs showed closest and largely
similar genetic distances with the East Asian and Southeast Asian populations, followed by
the Central Asians. When we compared the intra-population distances among the HAAPs;
Kusunda, Khasi and Sherpa showed larger distances, likely due to drift and, in the case of
Kusunda and Khasi, perhaps due to linguistic isolation (Supplementary Table 3).
Highlander Ladakh (India) pastoral population Changpa was closest to Tibetan followed by
Subba and Sherpa populations. Among the South Asian populations, apart from TibetoBurman speakers, Munda speakers showed the closest affinity to the studied groups,
probably due to the shared East/Southeast Asian ancestry (Chaubey et al. 2011). The
principle component (PC) analysis of Eurasian groups placed the HAAPs closer to the
East/Southeast Asians (Fig. 2a), supporting the Fst analysis. To see the placement of the
HAAPs within the East/Southeast Asian cluster, we ran a separate PC analysis among the
HAAPs along with the East and Southeast Asian populations (Supplementary Fig. 2). It is
interesting to note that the HAAPs do not assemble in the defined East and Southeast Asian
cline, instead they form their own cline. In the wider picture of a Eurasian PC plot, this cline
is also visible and we see that it is stretched between East/Southeast Asia and South Asia
(Fig. 2). This suggests that the HAAPs are admixed populations with higher East-Asian-like
and lower South-Asian-like ancestries, whereas, the admixture observed in South Asian
Munda (Austroasiatic) populations is characterised by the opposite pattern i.e. higher
South-Asian-like and lower East-Asian-like ancestries (Chaubey et al. 2011).
To gain a better understanding of ancestral components as well as to test the scenario that
has emerged from PC analysis, we inferred the ancestry components of HAAP populations
by using the model-based algorithm, ADMIXTURE (Alexander et al. 2009) (Fig. 2b and
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Supplementary Figs. 3 and 4). We have used our previously described method (Metspalu et
al. 2011; Chaubey et al. 2015) to find the best K value (Supplementary Fig. 4). At K=11, a
unique ancestral component distinguishing itself from the widely known ancestries, was
visible. This unique ancestry was observed to be highest among the HAAPs and was also
found to be present in a majority of East/Southeast Asian and Central Asian populations
(Fig. 2b). Intriguingly, the pattern of this component among East/Southeast Asian and
Central Asian populations is fairly similar to the Siberian component reported earlier
(Fedorova et al. 2013). To investigate whether the lack of Siberian samples in our data
might have given rise this pseudo-ancestry component, we included Siberian populations
and repeated the analysis (Supplementary Fig. 5). The best K (K13) was consistent with our
previous observation and supported the existence of the distinct HAAPs-specific ancestry
component. We also note here that the clinal pattern of the HAAPs in PC analysis is not only
governed by East Asian and South Asian ancestry components, but a third local component
also exists which profoundly moderates this pattern (Figs. 2a and 2b, and Supplementary
Figs. 3 and 5). The spatial distribution of this component showed its peak in the Himalayan
region with a moderate distribution across regions to the North of the Himalayas, i.e. in
East Asia, Siberia and Central Asia (Supplementary Fig. 6). This component was virtually
absent among South Asians (except for the HAAPs living in this region, including TibetoBurmans, Burusho and Hazara populations). The emergence of this component in this
analysis also differentiated the HAAPs with some of the South Asian populations who
received geneflow from East/Southeast Asia (Tharu and Munda). To confirm the high level
of affinity of HAAPs with the populations living to the North of the Himalayas, we
performed outgroup shared drift f3 statistics (Patterson et al. 2012) (Supplementary Fig.
7). All the HAAPs largely showed a consistent pattern with a high number of alleles shared
with one another as well as with East Asian populations.
The spatial distribution of the HAAPs-specific ancestry up into Siberia was intriguing,
considering its limited spread towards South Asia (Supplementary Fig. 6). However, one
may also argue that the shared East Asian ancestry might be the reason for Siberians to
show such elevated levels of this ancestry. To rule out this possibility, we masked EastAsian-specific ancestry and counted the derived alleles shared between the Tibetan and the
6

targeted populations (Supplementary Table 4). Here we used the Dai population, who
showed least HAAPs-specific ancestry. The significantly higher level of alleles shared with
Siberian populations opposed the above assumption and supported the independent
nature of the HAAPs-specific ancestry reported in Siberian populations (Supplementary
Fig. 6 and Supplementary Table 4).
East Asian specific ancestry
Since both of the ancestry components (HAAP and East Asian specific) were present among
East Asian populations, we calculated aggregate East Asian ancestry (Han related) among
studied populations using f4 ancestry ratio estimate implemented in AdmixTools
(Patterson et al. 2012) (Table 1 and Supplementary Table 7). Among the HAAPs, the
Austroasiatic Khasi showed the lowest East Asian ancestry, likely because of their distinct
population history (Reddy et al. 2007; Chaubey et al. 2011). We estimated the level of
geneflow for the HAAPs with the East Asian, Southeast Asian and South Asian groups using
D statistics (Patterson et al. 2012). We used the Han as a proxy for East Asian and the
Harijan as a representative of North Indian populations (Table 2). All the HAAPs showed a
significant level of geneflow with the East Asian when compared to North Indian. However,
Tharu, who live in the Tarai area, which forms a border between the Indo-Gangetic plain
and the lower foothills of the Himalayas, showed a higher level of affinity with North Indian
populations. We also investigated whether the Tibetan or Han share more ancestry with
the HAAPs (Table 2). Not surprisingly, the Sherpa and Changpa shared a significant level of
ancestry with the Tibetans, who are their close linguistic relatives, in comparison with the
Han, whereas, Northeast Indians and Southeast Asians shared more ancestry with the Han.
Subba (i.e. Limbu), Nyishi, Kusunda and Tharu too shared a higher number of alleles with
the Han, though the difference was insignificant. All the HAAPs (except Khasi) shared a
higher affinity with Tibetans when compared with the Cambodians. Notably, the HAAPs
share a higher number of alleles with the Tibetans than with the Sherpa, likely due to high
level of genetic drift and isolation of the Sherpa population (Table 2).
Validation from Haplotype based method

7

In order to gain a better understanding of genome sharing between the HAAPs, we used the
haplotype-based method, fineStructure (Lawson et al. 2012). Consistent with allele
frequency-based analyses, the inter-population haplotype-based analysis also showed East
and Southeast Asian as major haplotype (chunk) donors to the HAAPs (Fig. 3). The mean
intra-population chunk sharing for the HAAPs was significantly higher (two tailed p value
<0.0001), than the mean chunk donated by the East Asian populations (Supplementary Fig.
8), suggesting a high level of geneflow among the HAAPs. Among the HAAPs, the TibetoBurman language communities represented by the Tibetan, Changpa, Sherpa, Subba, AoNaga, Naga and Nyishi populations showed high level of chunk allotment, however
linguistically Tibeto-Burman Garo, exhibited a lower level of chunk distribution. The nonTibeto-Burman Khasi and Kusunda remain fairly distant from the other HAAPs populations
(Supplementary Fig. 8).
Runs of Homozygosity and Admixture event(s)
The Runs of Homozygosity (RoH)(Kirin et al. 2010) analysis was in consonance with the
findings of previous studies, suggesting the Sherpa to be a unique isolated population due
to low effective population size (Ne), likely due to limited number of founders
(Supplementary Fig. 9). After Sherpa, Ao Naga, Kusunda and Khasi also exhibited a large
number of longer RoH segments in their genome. Among the HAAPs, Tibetan and Subba
showed the lowest RoH segments. It is interesting to note that none of the HAAPs showed
a ‘right shift’ pattern, which is an indicator of recent consanguinity.
We used the LD-based method Alder (Loh et al. 2013) to estimate the time of admixture for
the HAAPs-specific ancestry and South Asian ancestry. As a HAAPs proxy, we used the
Sherpa, whereas as a surrogate for North Indian populations we included the Harijan
population. Many tests either failed and/or yielded low p value or Z scores. However, we
were able to obtain significant test results for a few the HAAPs, which clearly suggests that
the expansion of the HAAPs-specific component in South and Southeast Asia happened in
the last 1,000 years (Table 3). The recent entry of the HAAPs towards South Asia is also
evident in its limited geographical spread (Supplementary Fig. 6).
Archaic ancestry among HAAPs
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In the prior knowledge that the ancient hominin genome lingers on in extant modern
humans, we assessed the genetic relatedness of the HAAPs with the ancient genomes
published elsewhere (Green et al. 2010; Meyer et al. 2012; Prufer et al. 2014). We first
investigated the outgroup f3 statistics for the 45 Kya older Ust'-Ishim genome (Fu et al.
2014) (Supplementary Fig. 10). The East Asia, Southeast Asian and the HAAPs showed an
excess of derived alleles shared with the Ust'-Ishim man, supporting the previous
observations (Lu et al. 2016; Wong et al. 2017). Notably, Indian Austroasiatic populations
also exhibited largely a similar pattern, likely due to East/Southeast Asian ancestry or
ancient shared ancestry with Ust'-Ishim. We applied a f4 ratio test in order to estimate the
Denisovan ancestry among the HAAPs (Supplementary Table 8). We also included the
Philippines negrito population, Aeta, and Papuan and Melanesian populations as positive
controls. Consistent with the previous work, Tibetan and Sherpa showed traces of
Denisovan ancestry (Yi et al. 2010; Huerta-Sánchez et al. 2014; Sankararaman et al. 2016;
Hackinger et al. 2016). Moreover, we also see the same pattern among Khasi, Ao-Naga,
Naga and Nyishi populations. To confirm the Denisovan introgression, we applied RD(x)
statistics (Qin and Stoneking 2015). Values >1 was considered as an indicator of Denisovan
introgression. Many of the HAAPs showed values close to 1 (Supplementary Table 7). Since
our data contain a lower number of SNPs, we considered Z score >2 as an indicator of
Denisovan introgression.
EDAR and SLC24A5
Several scans of positive selection on genome-wide polymorphism data from global human
populations have identified the EDAR (ectodysplasin-A receptor) gene as the candidate of
the strongest positive selection among East Asian populations (Sabeti et al. 2007; Bryk et
al. 2008; Fujimoto et al. 2008; Kamberov et al. 2013). The non-synonymous SNP rs3827760
(370A; 1540C) has been known to be associated with a multitude of phenotypes including
hair shape (Fujimoto et al. 2008), tooth (Kimura et al. 2009), sweat gland density
(Kamberov et al. 2013), reduced chin protrusion and ear pinna morphology (Adhikari et al.
2016). This SNP shows a high frequency in populations of East Asian and native American
origin but essentially absent among the Indians (Dravidian and Indo-European), European
and African populations (Sabeti et al. 2007; Fujimoto et al. 2008; Chaubey et al. 2011) . We
9

analysed the 1540C polymorphism in 165 individuals of HAAPs and 43 Andaman and
Nicobar Islanders (Supplementary Table 8a). On average, we have observed a similar mean
frequency (~61%) of 1540C allele among HAAPs as was reported among Indian TibetoBurman populations (Chaubey et al. 2011). However, this allele was highly variable among
Andaman and Nicobar islanders. The Onge population, which is genetically isolated, lacks
1540C allele, whereas the Great Andamanese populations have a low frequency of this
allele(6.3%), and Nicobarese have a high frequency of 63.2% (Supplementary Table 8a).
Next, we genotyped 423 individuals of the HAAPs including 10 ethnic groups for
rs1426654 SNP located in SLC24A5 pigmentation gene. The ancestral allele G of rs1426654
predominates in Africans and East Asians (93-97%) and the derived A allele is almost fixed
among Europeans (100%) (Lamason et al. 2005). We found that the rs1426654-A allele
frequencies among the Tibeto-Burman speaking groups was low, ranging from 0-0.13
except for Sema Naga and Bhotia that showed the frequency of 0.23 and 0.22 respectively
which otherwise doesn’t show a deviation of maternal and paternal ancestries from their
neighbouring populations (Supplementary Tables 8b and 9). The low frequency among the
Tibeto-Burman speakers corroborates with our earlier study (Basu Mallick et al. 2013).
The comparatively higher A allele frequency in Bhotia population can be further explained
either by their intermixing with the Indo-European speakers or(and) by their habitat which
constitutes the Central Himalayan region, a region known for ethnic intermixing and the
fact that they also practice vertical transhumance i.e moving to higher pastures in summer
and lower valleys in winter.
Sex-specific admixture
In order to gain a better understanding of sex-specific admixture, we analysed the HAAPs
using mtDNA and Y chromosomal markers (Table 4, Supplementary Fig. 11 and
Supplementary Tables 9 and 10). For mtDNA, all the HAAPs carried frequent
East/Southeast-Asia-specific haplogroups supporting their overwhelming ancestry from
East/Southeast Asia. However, the Sukna village population which are a heterogeneous
mixture of Austroasiatic and other tribes showed a high level of South Asian maternal
haplogroups. Likewise, Austroasiatic population Khasi showed a higher level of South-Asiaspecific maternal ancestry. Consistent with the maternal ancestry, the paternal ancestry of
10

the HAAPs was clearly inclined towards East/Southeast Asia. For Y chromosomal
haplogroups, Sukna village tribes and Khasi did not mirror the maternal profile. Overall, the
HAAPs showed a moderately male-biased admixture. However, this bias was not as severe
as observed in Munda-speaking populations (Chaubey et al. 2011).
It is also interesting to note that the HAAPs showed a maternal segregation of East Asian vs
Southeast-Asia-specific haplogroups. The major Southeast Asia-specific haplogroups (B4,
B5, F) were rare (except for F1a which was moderate among Northeast Indian populations)
in the HAAPs, whereas Tibet/East Asia-specific haplogroups (A, C and D) were frequent
(Supplementary Tables 9 and 10). The Y chromosomal haplogroup (hg) D-M174 was
predominant among populations living at high altitude (Tibetan, Changpa, Sherpa and
Bhutia), while hg O3-M134 was dominant among populations living at lower altitude
(Table 4 and Supplementary Table 9). Interestingly, we observed a decreasing trend in the
frequency of hg D-M174 from Jammu and Kashmir to the northeast Indian states. However,
the opposite trend was observed for hg O3-M134 (Table 4).
Conclusions
In conclusion, we report a distinct genetic cline of the HAAPs, which is likely to have
originated due to a novel genetic component, admixed to different degrees with East and
South Asian ancestries. The HAAPs share a high level of affinity with the East Asian
populations, rather than with South Asians. The spatial distribution of the HAAPs-specific
component is widespread over the regions to the North of the Himalayas, whereas this
component experiences an abrupt fall towards the western Himalayas. In haplotype-based
analysis, the HAAPs showed massive intra-population sharing of chunks than any other
neighbouring groups (East Asian or South Asian), supporting a common ancestry of the
populations studied here. The haplotype and RoH based analyses supported the isolated
nature of the Sherpa population. Consistent with the previous analyses, many of the HAAPs
showed a significant level of shared ancestry with Ust’-Ishim and Denisovan. Our time of
admixture estimation suggested a recent dispersal of the HAAPs-specific ancestry in
Northeast India and northern Nepal.
Materials and Methods
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Detailed materials and methods has been added in the Supplementary material online. 2-5
ml of blood samples were collected from 794 individuals belonging to 16 ethnic groups.
This project was carried out in accordance with the Helsinki decleration guidelines and
also permitted by the Institutional Ethical Committee of the Centre for Cellular and
Molecular Biology-CSIR, Hyderabad, India. After careful removal of people related to last
three generations, we landed to 792 samples which have been genotyped for mtDNA and Y
chromosome markers (Supplementary Table 1a). For autosomal analysis we genotyped 35
individuals with Affymatrix 6.0 kit following the manufacturer specifications. After quality
control, we have merged this data with the data published elsewhere (Supplementary
Table 1b). We have calculated Fst distance (Weir and Cockerham 1984), performed PC
(Principle component) analysis (Patterson et al. 2006), unsupervised ADMIXTURE analysis
(Alexander et al. 2009), fineSTRUCTURE analysis (Lawson et al. 2012) and AdmixTool
(Patterson et al. 2012) package for f3, f4 and D statistics. (Supplementary Table 8). Further,
we have used the RD(x) statistics defined elsewhere (Qin and Stoneking 2015) to confirm
Denisovan introgression. The Runs of Homozygosity (ROH) was calculated using Plink 1.9
(Chang et al. 2015). To estimate the admixture time we used the ALDER software (Loh et
al. 2013), for HAAP populations.
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Figure Legends:
Figure 1: The Geographic location of populations samples in present study.
Figure 2: a) Principal component analysis of the Eurasian populations showing the
placement of the HAAPs. b) The barplot of global population ancestry pattern at K13,
showing the unique and shared ancestry components of the HAAPs . The dark brown
HAAPs specific ancestry can be seen among the populations from East, Southeast and
Central Asians.
Figure 3: Haplotype analysis based on fineStructure programme. East and Southeast
Asians are distinctly visible as the major haplotype (chunk) donor to the Himalayan and
adjoining populations.
Tables:
Table 1. Estimated East/Souteast Asian ancestry among Himalayan and adjoining
populations (HAAPs).
Population (X)
% East Asian ancestry Z score
87.72 + 0.72
Tibetan
122.7
79.21 + 0.65
Changpa
121.9
78.37 + 0.65
Sherpa
120.1
86.47 + 0.66
Subba
130.9
53.95
+
1
Khasi
53.7
93.76 + 0.79
Garo
118.0
94.16 + 0.77
Ao Naga
122.1
92.4 + 0.81
Naga
113.4
60.1 + 0.77
Nyishi
78.2
75.59 + 0.87
Kusunda
87.1
f4 ancestry ratio=( Japanese,Kurumba;X,French)/Japanese,Kurumba;Hàn,French)
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Table 2. The D statistics test to compare the level of geneflow between Himalayan and
adjoining populations (HAAPs) with respect to East Asia, Southeast Asia and South Asia
Pop1
Tibetan
Changpa
Sherpa
Subba
Khasi
Garo
Ao Naga
Naga
Nyshi
Kusunda
Burmese
Tharu
Changpa
Sherpa
Subba
Khasi
Garo
Ao Naga
Naga
Nyshi
Kusunda
Burmese
Tharu
Changpa
Sherpa
Subba
Khasi
Garo
Ao Naga
Naga
Nyishi
Kusunda
Burmese
Tharu
Changpa
Subba
Khasi
Garo
Ao Naga
Naga
Nyishi
Kusunda
Burmese
Tharu

Pop2
Harijan
Harijan
Harijan
Harijan
Harijan
Harijan
Harijan
Harijan
Harijan
Harijan
Harijan
Harijan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan
Tibetan

Pop3
Han
Han
Han
Han
Han
Han
Han
Han
Han
Han
Han
Han
Han
Han
Han
Han
Han
Han
Han
Han
Han
Han
Han
Cambodians
Cambodians
Cambodians
Cambodians
Cambodians
Cambodians
Cambodians
Cambodians
Cambodians
Cambodians
Cambodians
Sherpa
Sherpa
Sherpa
Sherpa
Sherpa
Sherpa
Sherpa
Sherpa
Sherpa
Sherpa

D value Z score
-0.1157 -51.811
-0.103 -50.432
-0.1006 -46.951
-0.1149 -53.16
-0.0657 -27.437
-0.102 -45.345
-0.1279 -55.87
-0.128 -55.212
-0.1232 -53.393
-0.0736 -34.78
-0.0975 -48.164
0.0163
8.996
0.0097
6.342
0.0076
5.149
-0.0002 -0.149
-0.0105
-6.31
-0.0109 -6.406
-0.0055 -3.099
-0.0058 -3.311
-0.0019
-1.08
-0.0012 -0.782
-0.0109 -7.727
-0.0026 -1.875
0.0367 21.012
0.0349 20.852
0.0291 16.327
-0.0005 -0.262
0.0082
4.157
0.0258 12.807
0.0273 13.643
0.0305
15.98
0.0194 11.528
0.0076
4.65
-0.0011 -0.704
0.0101
5.868
0.0088
5.033
0.0093
4.893
0.0106
5.504
0.0149
7.445
0.0156
8.131
0.0152
7.951
0.0094
5.556
0.0108
6.927
-0.0021 -1.441

D= (Pop1,Yoruba;Pop2,Pop3)
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Table 3. The time of admixture between Himalayan and adjoining populations (HAAPs) and North
Indian populations

Population
Changpa
Subba
Nyishi
Kusunda
Burmese

Surrogate 1
Sherpa
Sherpa
Sherpa
Sherpa

Surrogate 2
Harijan
Harijan
Harijan
Harijan
Harijan

Gen (SD)
20.30 (7.54)
38.45 (17.82)
13.86 (3.46)
8.43 (2.32)
16.34 (4.94)
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p value Z score
7.1 x 10-3
2.7
3.1 x 10-2
2.2
6.2 x 10-5
4.0
2.8 x 10-4
3.6
9.3 x 10-4
3.3

Table 4. The comparison of maternal and paternal ancestries of the Himalayan and adjoining
populations. The complete table is provided in Supplementary Table 9
mtDNA
Y chromosome
East/Southeast Asian South Asian West Eurasian Unclassified East/Southeast Asian South Asian West Eurasian Unclassified
Population
0.092
0.890
0.009
0.018
0.083
Tibetan
0.826
0.073
0.009
0.560
0.100
0.060
0.280
Changpa
0.700
0.280
0.020
0.815
0.111
0.019
0.056
Sherpa
0.944
0.056
0.977
0.023
Subba
0.841
0.159
0.175
0.682
0.030
0.091
0.197
Khasi
0.250
0.450
0.125
0.197
1.000
Ao Naga
0.591
0.212
0.306
0.833
0.021
0.042
0.104
Poumai Naga
0.612
0.082
0.185
1.000
Sema Naga
0.648
0.148
0.019
0.200
0.964
0.018
0.018
Chakhesang Naga
0.673
0.091
0.036
0.104
1.000
Nyishi
0.688
0.208
0.429
1.000
Chin
0.429
0.143
0.015
0.775
0.025
0.025
0.175
Darjeeling
0.591
0.394
0.083
1.000
Mizo
0.688
0.229
0.111
0.556
0.333
0.111
Sukna village tribe
0.889
0.921
0.053
0.026
Ban Ravt
1.000
0.400
0.091
0.036
0.473
Bhutia
0.764
0.200
0.036
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