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Mitochondrial DNA analysis reveals diverse histories
of tribal populations from India
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We analyzed 370 bp of the first hypervariable region of the mitochondrial DNA (mtDNA) control region in
752 individuals from 17 tribal and four nontribal groups from the Indian subcontinent, to address
questions concerning the origins, genetic structure and relationships of these groups. Southern Indian
tribes showed reduced diversity and large genetic distances, both among themselves and when compared
with other groups, and no signal of prehistoric demographic expansions. These results probably reflect
enhanced genetic drift because of small population sizes and/or bottlenecks in these groups. By contrast,
northern groups exhibited more diversity and signals of prehistoric demographic expansions. Phylogenetic
analyses revealed that southern and northern groups (except northeastern ones) have related mtDNA
sequences albeit at different frequencies, further supporting the larger impact of drift on the genetic
structure of southern groups. The Indian mtDNA gene pool appears to be more closely related to the east
Eurasian gene pool (including central, east and southeast Asian populations) than the west Eurasian one
(including European and Caucasian populations). Within India, northeastern tribes are quite distinct from
other groups; they are more closely related to east Asians than to other Indians. This is consistent with
linguistic evidence in that these populations speak Tibeto-Burman languages of east Asian origin.
Otherwise, analyses of molecular variance suggested that caste and tribal groups are genetically similar
with respect to mtDNA variation.
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Introduction

Archeological, fossil and genetic evidence points to a major
expansion of anatomically modern humans out of Africa
some 100 000 years ago,"? but the migration routes remain
poorly understood. In this respect, the Indian subconti-
nent is considered to be a crucial geographic area for
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human migrations,>* since it is located at the crossroads of
Africa, the Pacific and west and east Eurasia.

More than one billion people with enormous morpho-
logical, genetic, cultural and linguistic diversity inhabit the
Indian subcontinent.>® At least four potential sources of
genes contributing to the current Indian gene pool can be
envisaged.® The first one is an old Paleolithic component,
probably almost extinct nowadays. The second component
would have witnessed early Neolithic migrations of farmers
from the eastern horn of the Fertile Crescent, probably
speaking proto-Dravidian languages. The third source is
responsible for the arrival of Indo-European speakers
~ 3500 years ago, who most probably introduced the caste
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system that hierarchically organized the vast majority of
Indian society. The fourth component is associated with
Austro-Asiatic and Tibeto-Burman speakers inhabiting east
and northeast India, with ties to east Asia.

The molecular genetic data generated so far concerning
the people of the Indian subcontinent have largely focused
on caste populations rather than on tribal groups.”™
According to the 1991 census, ~8% of the Indian
population belong to tribal communities.'* They represent
minorities that have not been absorbed by the caste
system.® They are generally thought to be the aboriginal
inhabitants of the Indian subcontinent that were present
in the region before the arrival of Indo-European speakers.
There are currently about 400 tribes in India that vary in
size from a few hundred to a few million; they speak
languages belonging to all four of the major language
families represented in India (Austro-Asiatic, Dravidian,
Indo-European and Tibeto-Burman). Their origins and
genetic affinities remain largely unknown, although such
information is of primary importance in understanding
the possible role of India in early migrations of modern
humans, since any remnants of genetic contributions from
pre-Indo-European migrants would presumably be present
in tribal populations rather than in caste populations.

The molecular genetic evidence on Indian tribal origins
and relationships is rather scanty. The mitochondrial DNA
(mtDNA) intergenic COII/tRNA™® 9-bp deletion marker,
present at high frequency in some Asian'® and African'®
populations, is found at low frequencies in India and arose
multiple times independently.!”"'® Based on a study of
autosomal and mtDNA markers in eight Indian tribes
speaking Austro-Asiatic, Dravidian or Tibeto-Burman
languages, it was concluded that these different language
groups represented distinct founding groups, with Austro-
Asiatic speakers being the most ancient inhabitants of the
region.’

With the aim of furthering our understanding of their
origins and relationships, we report here a comprehensive
study of mtDNA variation in Indian tribal groups. We
analyzed sequences of the first hypervariable segment
(HV1) of the mtDNA control region in more than 750
individuals belonging to different language families and
compared these to available data from caste populations
and from world populations, in order to obtain a global
picture of the genetic structure and the relationships of
populations inhabiting the Indian subcontinent.

Subjects and methods
Samples

DNA samples from 752 individuals belonging to 21
populations inhabiting the Indian subcontinent were
analyzed (Table 1, Figure 1). Additional information on
the 17 tribal populations and the four nontribal popula-
tions can be found elsewhere.'®2° Published data were also
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included from 10 tribal populations,'>'® one Indo-Euro-

pean-speaking caste from north India,'* eight Dravidian-
speaking castes from Andhra Pradesh,'® and two castes
from south India.” Although they were sampled in the
southern state of Andhra Pradesh, the Andh, Pardhi, Thoti
and Lambadi tribes as well as the eight Dravidian-speaking
castes'® will be referred to as central Indian populations in
the following text, in order to differentiate them from the
populations sampled in the states of Kerala, Karnataka and
Tamil Nadu (Figure 1).

mtDNA sequencing

The mtDNA HV1 was amplified using primers L15996
(Vigilant et al®') and H16410 (Handt et al®®). Purified PCR
products were sequenced on both strands using primers
L16001 (5'-ATTAGCACCCAAAGCTAAGA-3’) and H16401
(Vigilant et al*!). Sequencing reactions were prepared with
the BigDye Terminator Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA, USA) and purified by iso-
propanol precipitation, according to the supplier’s recom-
mendations. Sequencing reactions were resolved on either
ABI 377 or 3700 automated DNA sequencers (Applied
Biosystems). The HV1 sequences were deposited in the
HvrBase?* and are also available from the authors.

Data analysis

HV1 sequences were manually aligned with the published
reference sequence.?* After removal of sites with insertions
and deletions, the software package ARLEQUIN version
2.000 (Schneider et al*®) was used to calculate haplotype
and nucleotide diversity and their standard deviations
(SD), mismatch distributions, mean pairwise differences
and their SD, Fu’s?® Fs statistic and associated P-values
based on 1000 simulated samples, raggedness index r*” and
Fst distances between pairs of populations and associated
P-values based on 1000 permutations. Analyses of mole-
cular variance®® (AMOVA) were performed using ARLE-
QUIN to evaluate the genetic structure of the populations,
with the significance of variance components tested with
10000 permutations.

Multidimensional scaling (MDS) was performed by
means of STATISTICA, based on Fst distances. Populations
from the Indian subcontinent were compared to world-
wide populations from Africa (IKung,? Dinka,*® Turkana
and Yoruba®!), Europe (Germans,** Bulgarians and
Turks®?), Caucasus (Armenians, Azerbaijanians, Georgians
and Kabardinians®¥), central Asia (Kazakh, Kirghiz and
Kirghiz-Talas®®), east Asia (Han Chinese-Changsha,
Han Chinese-Xi’an, Tottori,*® Japanese,® Koreans*® and
Mongolians®*?), southeast Asia (Akkha, White and Red
Karen, Lahu, Lisu-Chiang Rai, Lisu-Mae Hong Son*® and
Vietnamese®®), Australia (from Arnhem Land, Sandy
Desert,*! Desert and Riverine*?), and island southeast
Asia (Indonesians,?**® coastal and highland Papua New
Guineans*! (PNG)).
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Table 1 Relevant information for 31 populations from the Indian subcontinent

Ethnic groups Sample size Linguistic affiliation Population size (< 1000) Reference
Tribals
North India
Tharu 12 Indo-European 95 Kivisild et al'?
Buksa 18 Indo-European 43 Kivisild et al'?
Northeast India
Adi 45 Tibeto-Burman 110 Present study
Apatani 52 Tibeto-Burman 23 Present study
Nishi 52 Tibeto-Burman 261 Present study
Naga 43 Tibeto-Burman 1400 Present study
Tipperah 20 Tibeto-Burman 105 Roychoudhury et al'®
East India
Lodha 14 Austro-Asiatic 75 Roychoudhury et al'®
Munda 6 Austro-Asiatic 2000 Roychoudhury et al'®
Santal 14 Austro-Asiatic 6000 Roychoudhury et af'®
Central India
Andh 40 Indo-European 80 Present study
Pardhi 42 Indo-European 18 Present study
Thoti 39 Not available Not available Present stud
Lambadi 86 Indo-European 2000 Kivisild et al™?
South India
Jenukurumba 6 Dravidian 35 Present study
Kattunaiken 16 Dravidian 26 Present study
Soligas 14 Dravidian 16 Present study
Koragas 53 Dravidian 16 Present study
Kuruchian 46 Dravidian 22 Present study
Mullukurunan 44 Dravidian 20 Present study
Mullukurumba 17 Dravidian 6 Present study
Bettakurumba 19 Dravidian 10 Present study
Paniya 17 Dravidian 6 Present study
Yerava 53 Dravidian 19 Present study
Irula 14 Dravidian 75 Roychoudhury et af'®
Kurumba 10 Dravidian 150 Roychoudhury et al'®
Kota 25 Dravidian 2 Roychoudhury et af'®
Non-tribals
Pushtoons 36 Indo-European 9000 Present study
Northern Indians 40 Indo-European 400000 Present study
Bangladeshis 29 Indo-European 120000 Present study
Southern Indians 49 Dravidian 300000 Present study

A gene tree was computed using the neighbor-joining
method, based on p-distances, as implemented in
MEGA version 2.1 (Kumar et al**). The tree was rooted
using a Neanderthal HV1 sequence*® and bootstrap
analysis was carried out with 500 replications. In addition
to Indian sequences, worldwide HV1 sequences’ were
included for comparison, as well as PNG highlanders,
central Asians and Australians described above. We
inferred the frequencies of some major mtDNA haplo-
groups in our data from the resulting tree topology,
from Indian HV1 sequences whose haplogroup informa-
tion is available,'> and from haplogroup-diagnostic
substitutions in HV1.%°

Results
Diversity indices and demographic parameters

Sequence data corresponding to nucleotide positions
(np) 16022-16391 in the reference sequence®* were
obtained from 752 individuals. Nucleotide substitutions
were observed at 153 sites, which defined 316 different
HV1 sequences. Some individuals exhibited length
variation between np 16181 and 16 183 (these positions
were removed from the subsequent analyses). Deletions
were observed at five sites (np 16166, 16179, 16194,
16195 and 16 258) and insertions at two sites (a C between
np 16169 and 16170 and an A between np 16189 and
16190).
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Figure 1 Map of the Indian subcontinent indicating approx-
imate locations of populations used in this study.

The 752 HV1 sequences from the present study were
subsequently analyzed together with 219 previously pub-
lished sequences from 10 Indian tribes, enabling a more
comprehensive study of HV1 variation in Indian tribal
populations. Since small sample sizes could potentially
affect the reliability of the analyses, some populations were
pooled. Pooling was performed according to several criteria
including geographical proximity, linguistic affiliation,
historical record and population relationships deduced
from Fst distances. For example, the Mullukurunan and
Mullukurumba are both south Indian tribes speaking a
Kannada language (a Dravidian language-subfamily). Some
scholars have argued that they are the same although they
nowadays live in different areas, and it has been reported
that the Mullukurunan are also known as ‘Mullu Kurum-
ba’.*” Moreover, the two tribes were separated by an Fst
distance of —0.030, which is not significantly different
from zero (P=0.84). Therefore the data from these two
groups were pooled. In summary, this approach resulted in
23 groups, each of which was composed of at least 20
individuals (Table 2).

Diversity indices and demographic parameters estimated
for these groups are reported in Table 2. Overall, haplotype
diversity in Indian tribals ranged from 0.671 to 0.995
and nucleotide diversity from 0.005 to 0.023. Haplotype
diversity was significantly higher (Mann-Whitney U-test:

European Journal of Human Genetics

Z=3.24, P<0.01) in north, east and northeast India
(0.940-0.995) than in south India (0.671-0.939). Inter-
mediate haplotype diversity values were observed in
central India (0.884-0.985); they were not significantly
different from north, east and northeast India (Z=1.51,
P=0.13) or south India (Z=1.70, P=0.09). Similarly,
nucleotide diversity in north, east and northeast India
(0.014-0.023) was significantly higher (Z=2.78, P<0.01)
than in south India (0.005-0.017). Again, central India
exhibited intermediate values (0.012-0.017); they were
not significantly different from north, east and northeast
India (Z=1.61, P=0.11) or south India (Z=1.78,
P=0.07). Therefore, north, east and northeast Indian
tribes showed greater mtDNA diversity than south Indian
tribes.

These patterns of genetic diversity in Indian tribes were
further strengthened by the analysis of mean pairwise
differences (MPD). MPD for south tribes (1.77-5.80) were
significantly lower than MPD from north, east and north-
east tribes (5.06-7.69; Z=2.78, P<0.01) or from central
tribes (4.46-5.91; Z=2.04, P=0.04), whereas MPD from
central and north, east and northeast tribes were not
significantly different (Z=1.70, P=0.09). Mismatch dis-
tributions (Figure 2) were computed for the 14 tribal and
four nontribal populations from Table 1 whose sample size
is >20. Unimodal distributions were observed mostly in
northeast tribes and some central tribes, whereas all of the
south tribes exhibited multimodal distributions with a
higher frequency of the low difference classes (0 and 1):
25-61% of the pairwise differences for the south tribes were
in the 0/1 classes vs only 1-13% for the other tribes.
Unimodal distributions are interpreted as signs of demo-
graphic expansions while multimodal distributions are
interpreted as signs of constant population size over
time.?” Moreover, the peaks observed at 0/1 classes in the
mismatch distributions indicated bottlenecks in these
populations.*® In parallel, the raggedness index r was
generally less than 0.03 in north, east and northeast tribes
but more than 0.07 in south tribes (Table 2). Values of r
lower than 0.05 suggest demographic expansions while
values of r greater than 0.05 are more consistent with
constant population sizes.?” Fu’s Fs also support these
patterns of demographic history in India (Table 2).
Negative values of Fs that differ significantly from zero,
indicative of population demographic expansions,?® were
obtained in 86% of north, east and northeast tribes, 50%
of central tribes and only 25% of south tribes. Therefore,
several approaches provided congruent evidence for differ-
ent demographic histories in Indian tribes. In general,
north, east and northeast tribes showed signs of expansion
while south tribes, and to a lesser extent central tribes, were
likely to have experienced bottlenecks and/or constant
population sizes over time.

The four nontribal populations exhibited high gene and
nucleotide diversities (Table 2). In addition, the Fs statistic
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Figure 2 Mismatch distributions of mtDNA HV1 sequences from 18 populations from the Indian subcontinent. The number
of nucleotide differences between pairs of sequences is indicated along the x-axis, and their frequency (%) is indicated along the

y-axis.

as well as the raggedness index (Table 2) and mismatch
distributions (Figure 2) suggested demographic expansions
in these populations.

MDS analysis

MDS analysis based on Fst distances was performed to
investigate relationships between Indian tribes, Indian
castes and world populations. In the MDS plot (Figure 3),
Indian tribal and caste populations both clustered together
with other Eurasian and Australian populations. The Kung
were a clear outlier, but removing them from the analysis
did not significantly change the results, except as noted
below (analysis not shown).

Among Indian populations, most of the south tribes
were outliers within the Eurasian/Australian cluster.
Further information on the affinities of Indian tribes was
obtained by focussing on the Eurasian/Australian cluster
in the MDS plot (Figure 4). Overall, Indian subcontinent
populations were closer to east Eurasians (including
central, east and southeast Asians) than to west Eurasians
(including Europeans and Caucasians). Since the smaller
number of European populations considered might have
contributed to suggesting stronger affinities between India
and east Eurasia, the analysis was repeated by adding six

European populations (from Sweden, Austria, France,
Britain, Italy and Spain). However, the trends in the MDS
plot did not change (not shown). The smaller average Fst
distance separating Indian populations from east Eurasians
(0.081) than from west Eurasians (0.118) confirmed the
aforementioned affinities. The removal of northeast tribes
from the analysis led to similar average Fst values (0.087 for
India-east Eurasia vs 0.116 for India—west Eurasia) and the
removal of south tribes resulted in ~25% smaller average
Fst values (0.058 for India—east Eurasia vs 0.093 for India-
west Eurasia). The removal of both northeast and south
tribes was almost equivalent to removing only south tribes
(0.061 for India—east Eurasia vs 0.083 for India-west
Eurasia). In all cases, then, Indian populations showed
closer affinities to east than to west Eurasians.

In contrast to other tribal groups, the five northeast
Indian groups were closer to east Eurasian populations
(average Fst distance: 0.049) than to other Indian tribes
(average Fst distance: 0.118, dropping to 0.084 when south
tribes were removed). The same trend was observed for east
Indian tribes; however, when the !Kung were removed
from the analysis, east Indian tribes were closer to other
Indian groups than to east Asians in an MDS plot (not
shown). Average Fst values also supported their closer

257
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Table 2 Diversity and demographic parameters deduced from mtDNA HV1 sequences in India

Populations N? n° Haplotype diversity Nucleotide diversity © mpD< Fu’s Fs re
Tribals
North India
North tribes’ 30 28 0.9954+0.010 0.01440.008 5.06+2.53 —25.48* 0.014
Northeast India
Adi 45 36 0.98440.010 0.01640.009 5.75+2.81 —25.33* 0.014
Apatani 52 28 0.958+0.012 0.016+0.008 5.73+2.79 -12.67* 0.018
Nishi 52 33 0.977+0.008 0.019+0.010 6.83+3.27 —-17.74* 0.012
Naga 43 21 0.940+0.019 0.016+0.009 5.73+2.80 -5.93 0.031
Tipperah 20 19 0.995+0.018 0.021+0.012 7.17+3.51 —-12.20* 0.028
East India
East tribes? 34 29 0.989+0.010 0.023+0.012 7.69+3.67 —-19.29* 0.013
Central India
Andh 40 22 0.967+0.012 0.014+0.008 5.024+2.49 -9.13* 0.036
Pardhi 42 10 0.884+0.019 0.01240.007 4.46+2.24 +0.88 0.091
Thoti 39 16 0.910+0.030 0.015+0.008 5.57+2.73 -2.29 0.025
Lambadi 86 57 0.985+4+0.005 0.017+0.009 5.91+2.85 —25.24* 0.018
South India
South tribes-1 h 22 6 0.6714+0.077 0.007+0.004 2.544+1.42 +0.60 0.298
South tribes-2' 28 20 0.939+0.037 0.0174+0.010 5.80+2.86 -9.19* 0.016
Koragas 53 7 0.746+0.039 0.008+0.005 3.00+1.59 +1.98 0.238
Kuruchian ' 46 11 0.800+0.034 0.0134+0.007 4.76+2.37 +0.73 0.083
South tribes-3' 61 9 0.672+0.057 0.005+0.003 1.774+1.04 -1.31 0.073
South tribes-4% 46 19 0.937+0.019 0.013+0.007 4.44+2.23 —-5.52 0.035
Yerava 53 12 0.7754+0.049 0.00740.004 2.64+1.43 -2.12 0.079
Kota 25 14 0.920+0.036 0.007+0.004 2.44+1.37 -8.12* 0.071
Nontribals
Pushtoons 36 32 0.994+0.008 0.017+40.009 5.80+2.84 —25.32* 0.012
Northern Indians 40 33 0.990+40.008 0.015+4+0.008 5.27+2.60 —25.45* 0.012
Bangladeshis 29 25 0.988+0.013 0.01740.009 6.11+2.99 -18.12* 0.010
Southern Indians 49 45 0.997+0.005 0.017+0.009 6.08+2.94 —25.26* 0.011

2Sample size. PNumber of haplotypes. €+ SD dMe@n pairwise differences. ®Raggedness index. Includes Tharu and Buksa. 9Includes Lodha, Munda and
Santal. Mincludes Jenukurumba and Kattunaiken. ‘Includes Soligas and Irula. 'Includes Mullukurunan and Mullukurumba. *Includes Paniya, Kurumba
and Bettakurumba. “Significant value after Bonferroni correction for multiple tests.

affinities to Indian tribes (0.048 with south and northeast
tribes excluded; 0.084 if they are included) than to east
Eurasians (0.068).

Gene tree

The outlier positions of south tribes in the MDS plot
(Figure 3), coupled with demographic inferences indicating
bottlenecks in these populations, mean that either south
tribes have different HV1 sequences than other groups, or
related sequences at very different frequencies. To distin-
guish between these two hypotheses, a neighbor-joining
tree was constructed for 553 Indian and 420 worldwide
HV1 sequences and rooted with a Neanderthal sequence
(Figure 5). To facilitate the analysis, it was subdivided into
14 clusters (I-XIV). The deepest cluster (cluster I) was
almost exclusively African-specific, with the exception
of a single sequence from a south Indian tribe (Kuruchian).
Sequences from the south tribes were found in all of the
clusters, as were sequences from at least one other Indian
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population (with the exception of cluster I). This suggested
that south tribes do not have different HV1 sequences than
other groups, but rather related sequences at different
frequencies.

The gene tree also suggested a close relationship between
east Eurasians and northeast Indians in that 90% of the
sequences in cluster XIII belonged either to east Eurasians
or northeast Indians. In addition, 93% of the sequences
from cluster XIV belonged either to Indian tribes (exclud-
ing northeast tribes) or castes, suggesting close relation-
ships between these groups.

mtDNA haplogroup affiliation

mtDNA haplogroups are defined by RFLPs, but by using
information from the gene tree, published data on Indian
HV1 sequences for which the mtDNA haplogroup was
known, and diagnostic HV1 mutations, we were able to
infer the haplogroup affiliation for 90% of the Indian
sequences (Table 3). Most Indian sequences belonged to



3.5

B:South Indian tribes
@ Indian subcontinent except south Indian tribes
O:World populatidns except Indian subcontinent

25

o
15 Island southeast Asia
Eurasia +Australia
= of-. 9
0.5 BoT0
o o
L] Vel S o
om 'Kurig
e o ] 3
-0.5 " o,
L
w Africa
]
-1.5
=
Stress =0.16
-2.5
-2 -1 0 1 2 3 4 5 6

Figure 3 MDS plot of 66 world populations, based on Fst

distances. The area enclosed by a solid line is magnified in

Figure 4.
< o A
0.5 o
< < A
L]
L] o A
o ® o g
A, ©:O
A
. o.s. N
A o % oA AR AO A
e A A ®
o o AbD o A
° o
-0.5 o
o
o O Indian tribes except northeast tribes A East Eurasia
O Northeast Indian tribes < West Eurasia
@ Other Indian subcontinent populations O Australia

-1

0

Figure 4 Magnified view of the MDS plot from Figure 3,
focussing on Eurasian and Australian populations (area
enclosed by solid line in Figure 3).

the Asian haplogroup M, as found previously.>'#!? South,
central and east tribes exhibited very similar high frequen-
cies of haplogroup M (~75%). North tribes showed a
somewhat lower frequency (~67%), with a correspond-
ingly higher frequency of the west Eurasian haplogroup JT
(~7%). Haplogroup M frequency in northeast tribes was
found to be lower (~56%) than in other Indian regions.
The northeast tribes were also distinguished by a combined
frequency of the east Asian haplogroups A and F of ~32%,
while these two haplogroups were virtually absent else-
where in the Indian subcontinent.

Genetic structure of Indian populations

AMOVA was used to investigate the genetic structure of
Indian populations, focussing either on tribes only or on
both tribes and castes (Table 4). In the total tribal sample
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(model 1), 88% of the variance was found within popula-
tions and 12% among populations. Indian tribes were then
grouped according to geographic proximity (model 2), to
linguistic affinities (model 3) and to the results suggested
by the MDS analysis, namely two groups separating
northeast tribes from all others (model 4). Under these
models, 86-88% of the variance was found within popula-
tions, 10% among populations within groups and 2-4%
among groups. A model that accurately reflects the genetic
structure should maximize the variance among groups and
minimize the variance among populations within groups;
therefore, none of these models provides a good descrip-
tion of the genetic structure, although model 4 is the best.

When the northeast, central and south groups of
populations were analyzed separately, 22% of the variance
was among populations in south tribes but only 3-5% in
central and northeast tribes. These results emphasize the
distinctiveness of south tribes from one another that was
also evident in the MDS plots (Figures 3 and 4). Therefore,
the analyses corresponding to models 1-4 were repeated
with the south tribes excluded (not shown). Again, none of
these models provided a good description of the genetic
structure. The best model grouped populations on the basis
of linguistic criteria, and was the only model for which
the ‘among groups’ component was larger than the ‘among
populations within groups’ component.

We also compared tribes to caste populations. East and
northeast tribes were excluded from the analyses since:
(i) no HV1 data from east and northeast castes are avail-
able, and (ii) these tribes speak Austro-Asiatic and Tibeto-
Burman languages (respectively) which are spoken exclu-
sively by tribal populations (preventing linguistically based
analyses between tribes and castes). For the model based on
social criteria (ie castes vs tribes; Table 4, model 5), 91% of
the variance was within populations and 9% among
populations within groups. The variance among groups
did not differ significantly from zero (P=0.33), suggesting
that the social distinction of castes vs tribes does not
accurately reflect the genetic structure of Indian popula-
tions. Removing south groups from the analysis did not
change the picture (not shown), with the variance among
groups still not differing significantly from zero (P=0.57).

Discussion

Origins of tribal groups

Our analyses of mtDNA variation in tribal populations of
India indicate that groups in different geographic regions
have different demographic histories. In general, southern
tribes have reduced mtDNA diversity and mismatch
distributions strongly indicative of recent bottlenecks.
The distinctiveness of southern groups is also emphasized
by the MDS analyses and AMOVA. However, it is difficult
to distinguish from these data between old and severe
bottlenecks or more recent and less severe bottlenecks.
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. . ’ . India
cluster| n Africa | Australia| PNG |W Eurasia| E Eurasia NE tribes | S tribes lother ribes _castes
XIV | 59 1 0 0 0 2 1 8 18 29
X 30 0 0 0 0 9 18 3 0 0
Xl 39 3 0 0 0 13 8 4 5 6
Xl 79 9 8 6 3 17 11 5 8 12
X 134 12 10 1 0 37 14 7 20 33
IX 47 2 9 0 1 6 10 1 6 12
Vil 74 4 1 0 13 10 6 12 9 19
\ll 80 0 4 0 0 7 8 12 13 36
VI 64 1 14 0 3 15 14 2 7 8
\Y 38 0 8 1 1 5 2 1 10 10
\Y 68 0 8 0 6 10 3 10 9 22
] 111 0 9 6 23 15 9 5 11 33
1l 104 20 11 0 5 26 4 1 12 25
| 46 45 0 0 0 0 0 1 0 0
Neanderthal

Figure 5 Summary information of a gene tree of 973 mtDNA HV1 sequences, rooted with a Neanderthal sequence. The topology
of the tree is represented on the left-hand side; 71 is the number of sequences in each cluster (I-XIV). The table also provides the
number of sequences in each cluster sampled in the following geographic areas: Africa, Australia, Papua-New-Guinea (PNG), West
Eurasia (W Eurasia), East Eurasia (E Eurasia) and India (‘NE tribes’: northeast tribes; ‘S tribes’: south tribes).

Present-day population sizes in southern tribes tend to be
small (ie generally less than 30000; Table 1), as compared
to northern tribes (ie generally over 100000; Table 1).
Consequently, genetic drift could have generated large
genetic distances both among southern groups and
between southern and other groups, thereby masking their
real affinities to other populations.*® According to this
scenario, southern populations have related mtDNA se-
quences (albeit at different frequencies) and hence a shared
history with other Indian populations. An alternative
hypothesis is that southern tribes have a specific mtDNA
gene pool as compared to other Indian populations,
indicating a long period of isolation and/or different
history from other tribal groups. An example of the latter
is PNG,*""*° in which most sequences are found in two
clusters (within clusters III and XI, Figure 5) characterized
by long branches (not shown). However, southern Indian
sequences are intermingled throughout the tree, clustering
with sequences from multiple populations. In addition,
south, central, and east Indian tribes all have similar
mtDNA haplogroup compositions (Table 3). These results
provide strong support for the hypothesis that southern
tribes have mtDNA sequences closely related to those of
other tribes, but with different frequencies, which would
suggest fairly recent bottlenecks occurring in these popula-
tions.

A possible cause of these bottlenecks, put forth by
Excoffier and Schneider,*® involves Neolithic human
expansions. According to this hypothesis, the recent
settlement of Indo-European speakers in India some 3500
years ago® might have had a major impact on the
demography of south tribes. West Eurasian mtDNA
haplogroups H, JT and W represent 6-7% of north and
central tribes (Table 3), which are located in the area where
Indo-European languages are spoken. In contrast, these
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west Eurasian mtDNA types are virtually absent in south
tribes, which are located where Dravidian languages are
spoken. This might reflect different responses of local
people to the Indo-European settlement of India. In the
north and center, Indo-Europeans may have admixed with
local people,®® concomitant with the spread of Indo-
European languages. In contrast, in the southern part of
India, local populations may have challenged the arrival of
Indo-European newcomers, resulting in limited admixture,
reduction of tribal population sizes and retention of their
original languages, thus explaining why Dravidian lan-
guages survived the spread of Indo-European languages in
south India.

Tibeto-Burman speakers from northeast India show
closer genetic affinities with east Asian groups than with
other Indian groups. This is suggested by the MDS analyses
and mtDNA haplogroup composition, in that northeast
Indian tribes possess haplogroups A and F which are
frequent in east Asians but virtually absent from other
regions of India. The mtDNA evidence (Clark et al'®, this
study) thus agrees with Y chromosome evidence®' as well
as linguistic evidence,>? indicating a probable east Asian
origin of these particular tribes. Archeological, linguistic
and genetic evidence®' suggests that proto-Tibeto-Burman
languages arose 5000-6000 years ago in east Asia. The fact
that Tibeto-Burman speaking tribes from India have
retained genetic traces of east Asian origins for such a long
time suggests that, despite the more recent migrations to
India, these populations remained relatively isolated,
explaining the close correlation between genetic and
linguistic results. This contrasts with the situation observed
in other regions in the world, for example in Scandinavia®?
and the Caucasus,> where migrations led to language
replacements and hence to incongruencies between genet-
ic and linguistic results.
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Table 3 Frequencies of some major mtDNA haplogroups in India inferred from HV1 sequences

Indian castes Indian tribes

Haplogroups North® Central® North® Central South East* Northeast
M (all) 54.8 65.7 66.7 73.3 74.6 76.3 55.7
M-C — — 3.3 — 2.9 — 7.5
R (all) 323 NA® 33.3 23.6 25.1 NA¢ 27.6
R-F 8.1 — — — — —e 15.5
RT 4.8 2.1 6.7 4.2 — e —
R-H — 1.2 — 0.5 0.6 — —
R-U 4.8 10.3 10.0 6.3 14.9 13.6 1.7
Others 12.9 NA¢ — 3.1 0.3 NA¢ 16.7
A — — — — — — 16.7
L — — — — 0.3 — —
w 12.9 0.4 — 1.6 — —e —

Deduced from Kivisild et al,'® PBamshad et al,” “Roychoudhury et al,'® “Not available, °Deduced from sequence data of Roychoudhury et al.'®

Table 4 Results of AMOVA

Among groups Among populations within groups Within populations
Model Var?® P Var? P Var?®
(1) Total tribal sample — — 11.83 <0.001 88.17 —
(2) Geographic criteria 1.73 0.085 10.50 <0.001 87.77 <0.001
(3) Linguistic criteria 2.53 0.015 10.22 <0.001 87.25 <0.001
(4) Northeast vs. all others 3.96 <0.001 9.94 <0.001 86.10 <0.001
(5) Social criteria 0.09 0.326 9.37 <0.001 90.54 <0.001

Variance (%).

Apart from northeast tribes, all other Indian tribes
exhibited a similar and high frequency of mtDNA haplo-
group M (ie 56% in northeast vs ~75% for others). These
results are strikingly similar to a previous study based on
RFLP analysis of a smaller set of Indian tribes,'® according
to which haplogroup M had a frequency of ~51% in
northeast tribes and ~76% in east, central and south
tribes. This homogeneity in frequency of haplogroup M
further supports the view that south tribes have sequences
closely related to those of their neighboring populations.
Thus, our mtDNA data are compatible with at least three
major sources for the present-day mtDNA gene pool of
Indian tribes: (i) a major one associated with all non-
northeast tribes (whatever their linguistic or geographic
ties), with a high frequency of mtDNA haplogroup M;
(ii) one associated with Tibeto-Burman speakers from
northeast India, with affinities to east Asians; and (iii) a
third one associated with the presence of west Eurasian-
typical mtDNA haplogroups (ie haplogroups H, JT and W,
which represent 6-7% of mtDNA types in north and
central tribes), most probably attributable to admixture
with recent Indo-European-speaking migrants to India.*°

Relationships between castes and tribes
The comparison between Indian castes and tribes revealed
no strong difference between them, as pointed out by the

AMOVA. A possible explanation for the observed simila-
rities in caste and tribal mtDNA gene pools is common
ancestry, with a proto-Asian origin of Indian castes.® An
alternative hypothesis involves a proto-west-Eurasian ori-
gin of castes, with the present-day similarities in caste and
tribal mtDNA gene pools then being attributable to recent
admixture with local Indian populations. The latter
hypothesis would require extensive gene flow, which could
seem a priori to be incompatible with the mating practices
imposed by the caste system in India.® However, there is
evidence for female gene flow between Hindu castes'® and
it has been suggested that male gene flow in south Indian
populations may not be as negligible®® as previously
thought.'* Our results show the presence of west-Eurasian
typical mtDNA haplogroups in Indian tribes, presumably
resulting from admixture with Indo-Europeans (ie who
probably introduced the caste system in India). This
interpretation would suggest that caste people initially
possessed west-Eurasian mtDNAs rather than Asian
mtDNAs. This view is reinforced by the fact that caste
groups are more similar to west Eurasians (average Fst:
0.080) than are the tribals (average Fst: 0.149; and 0.117
if south tribes are excluded). Therefore, the similarities in
caste and tribal mtDNA gene pools might reflect extensive
maternal gene flow rather than common ancestry.
However, caste and tribal populations are separated by an
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average Fst distance of 0.049 (if south tribes are excluded;
0.082 if they are included), suggesting that overall, castes
are closer to Indian tribes than to west Eurasians. This
makes the hypothesis of proto-Asian ancestry of castes
equally plausible. The mtDNA data alone do not support
one hypothesis over the other. Moreover, caste populations
from different regions of India may have different
origins,*>® some of them being derived from west Eurasian
ancestors with subsequent admixture with local popula-
tions, others being derived from local population ancestors
via acculturation.

Relationships with other populations

mtDNA variation in India suggests that overall, Indian
tribes show more affinities to east Eurasians than to west
Eurasians. This means that migrations from the west (ie
involving Indo-Europeans and Neolithic expansions of
farmers) have not had a major distorting impact on the
original gene pool. This view is consistent with the
relatively small proportion of west Eurasian typical mtDNA
haplogroups present in Indian tribes. On the other hand,
three typical east-Asian mtDNA haplogroups (A, B and F)
are absent or virtually absent from non-northeast India
(Bamshad et al® Kivisild et al,'> Roychoudhury et al,*® this
study). Furthermore, the fourth typical east Asian mtDNA
haplogroup M has a different structure in India as
compared to other Asian areas.” This suggests that,
although they show close affinities, the east Asian and
Indian mtDNA gene pools are fairly distinct. This result is
consistent with the suggestion that the east Asian and
Indian mtDNA pools have been separated from each other
for about 30000 years.*’

It has been hypothesized that the peopling of Sahul
(PNG and Australia) may have been the result of an early
migration from east Africa through the Indian subconti-
nent following the ‘southern route’.’*>¢ Australian popu-
lations exhibited an average Fst distance of 0.067 with east
Eurasians and of 0.089 with Indians (but only 0.062 if
South tribes excluded), whereas the average Fst values
separating Australians from PNG or African (!Kung ex-
cluded) populations were 0.194 and 0.145, respectively.
These results suggested close genetic affinities between
Australian populations and both Indian and east Eurasian
populations. An India-Australia connection is consistent
with other mtDNA*! and Y chromosome®” evidence. Taken
together with other conclusions,*'” the present results
give credence to the trihybrid model of peopling of
Australia®® involving ‘Negrito’, east Asian and Indian
sources. The Indian influence on Australia may be recent
(ie <5000 years),*'*” thus much later than (and therefore
independent from) the early migration that would have
followed the southern route ~ 60000 years ago.

In addition, Forster et al** have proposed an mtDNA
control region motif (16223C and 16357C) which could
represent a signature of an early migration from Africa
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to Sahul through the southern route. This motif was not
found in any Indian tribal mtDNA; 16357C had a
frequency of only 2.1% and was always associated with
16223T, while 16223C had a frequency of 27.9%. Further-
more, Indians do not show particular affinities to Africans.
A possible exception is the typical African HV1 sequence
found in a Kuruchian from south India. However, there are
communities in India such as the Siddis, who are known to
be recent migrants from Africa.® The African-like sequence
found in India could therefore originate from admixture
between recent African migrants and Indian tribals, or it
may represent a remnant of an ancient migration from
Africa to India; it is difficult to draw conclusions from a
single sequence.

In summary, although the data support a recent India—
Australia connection, we could not find in Indian tribals
any unquestionable genetic signature of the ~ 60000 year-
old migration from Africa to Sahul following the postu-
lated southern route. A possible explanation would be that
such migration never occurred along that route. Alterna-
tively, the early migrants from Africa may have made their
way to Sahul following the southern route without settling
in India. Another possibility, which is probably the most
reasonable one, is that in India the genetic traces of early
migrations along the southern route were erased by the
subsequent migrations which shaped the present-day
mtDNA gene pool of India.?
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