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We analyzed 370 bp of the first hypervariable region of the mitochondrial DNA (mtDNA) control region in



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.7–13

According to the 1991 census, B8% of the Indian

population belong to tribal communities.14 They represent

minorities that have not been absorbed by the caste

system.



A gene tree was computed using the neighbor-joining

method, based on p-distances, as implemented in

MEGA version 2.1 (Kumar et al44). The tree was rooted

using a Neanderthal HV1 sequence45 and bootstrap

analysis was carried out with 500 replications. In addition

to Indian sequences, worldwide HV1 sequences9 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,12 and from haplogroup-diagnostic

substitutions in HV1.46

Results
Diversity indices and demographic parameters

Sequence data corresponding to nucleotide positions

(np) 16 022–16 391 in the reference sequence24 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 16 181 and 16 183 (these positions

were removed from the subsequent analyses). Deletions

were observed at five sites (np 16 166, 16 179, 16 194,

16 195 and 16 258) and insertions at two sites (a C between

np 16 169 and 16 170 and an A between np 16 189 and

16 190).

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 al12

Buksa 18 Indo-European 43 Kivisild et al12

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 al19

East India
Lodha 14 Austro-Asiatic 75 Roychoudhury et al19

Munda 6 Austro-Asiatic 2000 Roychoudhury et al19

Santal 14 Austro-Asiatic 6000 Roychoudhury et al19

Central India
Andh 40 Indo-European 80 Present study
Pardhi 42 Indo-European 18 Present study
Thoti 39 Not available Not available Present study
Lambadi 86 Indo-European 2000 Kivisild et al12

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 4(()Tj
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0.5222 0 TD
(�)Tj
/F5 1 Tf
92t 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



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),



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

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



the Asian haplogroup M, as found previously.9,12,19 South,

central and east tribes exhibited very similar high frequen-

cies of haplogroup M (B75%). North tribes showed a

somewhat lower frequency (B67%), with a correspond-

ingly higher frequency of the west Eurasian haplogroup JT

(B7%). Haplogroup M frequency in northeast tribes was

found to be lower (B56%) than in other Indian regions.

The northeast tribes were also distinguished by a combined

frequency of the east Asian haplogroups A and F of B32%,

while these two haplogroups were virtually absent else-



Present-day population sizes in southern tribes tend to be

small (ie generally less than 30 000; Table 1), as compared

to northern tribes (ie generally over 100 000; 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.48 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,41,49 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,48 involves Neolithic human

expansions. According to this hypothesis, the recent

settlement of Indo-European speakers in India some 3500

years ago3 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



Apart from northeast tribes, all other Indian tribes

exhibited a similar and high frequency of mtDNA haplo-

group M (ie 56% in northeast vs B75% for others). These

results are strikingly similar to a previous study based on

RFLP analysis of a smaller set of Indian tribes,
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