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Figurel. mtDNA haplotype diversitiesin 23 ethnic populations of India.
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expansion model (Harpending et al 1993) and examined
the fit of the observed and expected mismatch distri-
butions for the three linguistic groups of tribals. The
observed and expected distributions are presented in
figure 2(a—c). From the unimodal nature of the observed
mismatch distributions, their smoothness [as revealed
by the very small values of the raggedness statistic
(Harpending et al 1993); table 2] and the reasonably good
fits with expected distributions, it is clear that there were
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significant expansions of these linguistic groups of tribals.
To detect traces of population expansions, we also used a
second approach. We computed Fu's (1997) Fs statistic,
which is particularly sensitive to population growth.
Significantly large negative values indicate population
expansion (Fu 1997), which is what is observed (table 2)
in our data set for each of the three language groups. We
estimated the expansion times, which are also presented in
table 2, using the methodology proposed by Slatkin and

Table2. Descriptive statistics and estimated expansion times of Indian tribals belonging to various language
groups and haplogroups.

No. of Mean Expansion timein
poly- No. of Nucleotide No. of mis- Ragged- years before present
Linguistic No. of morphic muta- diversity matches ness Fs (95% confidence
group sequences sites tions (p)£2SD (k) (r) (P-value) interval)
Austro- 34 54 59 0023 + 0002 47 00157 —19476 56098 (51220-60975)
Asiatic (0000)
Dravidian 61 59 66 0016 + 0002 5432 00058 —25417 39024 (34146-43902)
(0000)
Tibeto- 20 42 42 0021 + 0001 7470 00281 —12203 51220 (48780-53659)
Burman (0000)
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Figure 2. Observed (--0--0--) and expected (——) mismatch distributions based on mtDNA HVS-1 sequences for (a) Austro-
asiatic, (b) Dravidian, (c) Tibeto-Burman speaking tribals of India, and (d) tribals belonging to mtDNA haplogroup M.
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sites examined by us. Haplogroup M was found to be the
most frequent — 71x4% of the individuals in the pooled
sample belonged to this haplogroup. The frequency
(51°41%) of this haplogroup was found to be significantly
lower among Tibeto-Burman tribals compared to the
Austro-Asiatic (76227%) and the Dravidian (76%66%). Of
the remaining haplogroups observed in the study popu-
lations, haplogroup U was also found to occur in most
populations. This haplogroup is known to occur in high
frequencies among Caucasian populations, including
those of central and west Asia The frequency of this
haplogroup in our pooled tribal sample was about 10%.
Considerable differences in the frequencies of this haplo-
group were observed among Austro-Asiatic (13°66%),
Dravidian (947%) and Tibeto-Burman (6X%) tribals;
these differences were, however, not statistically signifi-
cant at the 5% level. Kivisild et al (1999) found that there
are several subclusters of haplogroup U, of which they
had found 6 to be present in their sample of Indians. We
have found only 2 of these subclusters to be present
among the tribals in India. These are subclusters U2i
and subcluster U1, with frequencies 778% and 9:%,
respectively. Interestingly, we have found that all the 6
Irulas who belonged to haplogroup U also possessed
transitions at nucleotide positions 16051, 16189, 16234
and 16247. This association was not found in any other
tribal belonging to haplogroup U. It is remarkable that our
estimate (77°8%) of the proportion of tribals belonging to
Indian-specific subcluster U2i of haplogroup U coincided
with that (77>0%) estimated earlier by Kivisild et al
(1999) based on samples primarily from caste populations.
Because the antiquities of the tribal populations are far
greater than the time of entry (30004000 ybp) of Indo-
Aryan speakers in India, our data support Kivisild et al’s
(1999) conclusion that haplogroup U was introduced in
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India by an ancestral population that preceded the arrival
of Indo-Aryan speakers into India. However, while
Kivisild et al (1999) found several western-Eurasian
mtDNA lineages belonging to haplogroup H and
subcluster U1, K, U4, U5 with frequencies between
1%-5% in their samples from India, we found only the
subcluster U1 in our tribal samples with a frequency of
9%. The subcluster U7, found at a frequency of about
13% in Kivisild et al’s (1999) samples but not found in
our tribal samples, may also be western-Eurasian. Since
the samples included in Kivisild et al’s (1999) study were
obtained primarily from Indo-Aryan speaking caste
populations, it is possible that these western-Eurasian
specific haplogroups and subclusters, except U1, which
are not found among the tribals in India may have been
introduced in India with the entry of Aryan speakers from
west and central Asia. This is contrary to Kivisild et al’s
(1999) suggestion that all of the western-Eurasian sub-
clusters of haplogroup U were present in India before the
entry of the Aryan speakers. Thus, mtDNA provides
signatures of population movements into India from
central and west Asia.

Since many contend that immigrants from central and
west Asia were predominantly males, we also sought
to find similar signatures on Y-chromosoma DNA
(Mukherjee et al 2001). Prehistoric, historic and linguistic
evidences have suggested that Middle Eastern/west Asian
and central Asian gene pools have contributed to the
Indian gene pool. The northern exit route of humans from
Africa to India was through the Middle East and west
Asia. Subsequently, with the development of agriculture
in the fertile crescent region that extends from lsrael
through northern Syria to western Iran, there was possibly
migration of humans from this region into India. More
recently, pastoral nomads originating in the central Asian

Table 3. Haplogroup frequencies among 8 tribal populations of India.

Geographical Hapl ogroup frequency* (%)
Population region of
name sampling A ol D' M U Other
Lodha East 26 (81) 6 (18%)
Munda East 5 (714) 2 (28%)
Santal East 14 (700) 2 (100) 4 (20%)
Irula South 1(3%) 16 (53*8) 7 (238) 7 (238)
Kota South 29 (96%) 1(38)
Kurumba South 1(3%) 23 (76%) 2 (6%) 4(138)
Muria Central 24 (80%0) 2 (6%) 4 (138)
Tipperah Northeast 4 (8%9) 1(22) 4 (89) 23 (511) 3 (6%) 15 (33>8)
Pooled 5(22) 2 (09) 4(18) 160 (714) 22 (98) 37 (16%)

*Haplogroups B, H and L were not observed in the study samples.
"Haplogroups C and D are subsets of haplogroup M; therefore, individuals belonging to haplogroups C and D

are also counted as belonging to haplogroup M.
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