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ABSTRACT Paleoanthropological evidence indicates that modern humans reached South Asia in one of the first
dispersals out of Africa, which were later followed by migrations from different parts of the world. The variation of
20 microsatellite and 38 binary polymorphisms on the non-recombining part of the uniparental, hapliod Y-chromosome
was examined in 1434 male individual of 87 different populations of India to investigate various hypothesis of
migration and peopling of South Asia Sub-continent. This study revealed a total of 24 paternal lineages, of which
haplogroups H, Rlal, O2a and R2 portrayed for approximately 70% of the Indian Y-Chromosomes. The high NRY
diversity value (0.893) and coalescence age of approx. 45-50 KYA for H and C haplogroups signified an early
settlement of the subcontinent by modern humans. Haplogroup frequency and AMOVA results provide similar
evidence in support of a common Pleistocene origin of Indian populations, with partial influence of Indo-European
gene pool on the Indian society. The differential Y-chromosome and mt DNA pattern in the two Austric speakers of
India signaled that an earlier male-mediated exodus from South East Asia largely involved the Austro-Asiatic tribes,
while the Tibeto-Burman males migrated with females through two different routes; one from Burma most likely
brought the Naga-Kuki-Chin language and O3e Y-chromosomes and the other from Himalayas, which carried the
YAP lineages into northern regions of subcontinent. Based on distribution of Y-chromosome haplogroups (H, C, O2a,
and R2) and deep coalescing time depths for these paternal lineages, we propose that the present day Dravidian
speaking populations of South India are the descendants of earliest Pleistocene settlers while Austro-Asiatic speakers

came from SE Asia in a later migration event.

INTRODUCTION

Theoriginsof modern humansin SouthAsia
have been obscure. Archeological and paleo-
anthropological evidences are few and frag-
mentary. Human remains dating back to the L ate
Pleistocene provide limited but conclusive
evidencefor early human occupationinthendian
subcontinent (Deraniyagala1992; Kennedy 2000;
Jameset al. 2005). A number of artefactsof Middle
and Upper Paleolithic culturesin NarmadaValley
and the remains of Acheulian culture have been
extensively found through out South Asia.
Mesolithic microlithsand evidences of Neolithic
settlements found in diverse parts of the
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subcontinent also testify towards occupation of
Indiaby early humans (Misra2001). Most of the
prevailing genetic recordsfurther corroboratewith
the hypothesis that Homo sapiens colonized
South Asiaasapart of an early southern dispersal
from Africa (Quintana-Murci et al. 1999; Cann
2001; Macaulay et al. 2005). Thispaper examines
the current genetic diversity of Indian'Y chromo-
somes in context to place the genetic origin/(s)
and time of settlement of the earliest human
populationsin India.

The present-day populations of India belong
to 4635 endogamous communities(Singh 1998)
and speak as many as 350 living languages
(ethnologue), which fall under the four major
supra-language families, i.e., Indo-European,
Dravidian, Sino-Tibetan and Austric. The nature
of extensive diversity among varied groups
reported with 54 classical markers showed a
typically north-south geographic division of
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populations and placed Indians closer to
European populations than either with east-
Asians or Africans in the genetic distance trees
(Cavalli- Sforzaet a. 1994). A number of studies
based on mt DNA, Y-chromosome and other
nuclear DNA markershaveinvariably supported
these observations. Numerous surveys of genetic
variation have generally portrayed the differences
between caste and tribes, and the extent of gene
flow among ranked caste clusters. Most of the
studies conclude that maternal gene pool of
Indian populationsare proto-Asianin origin with
limited west-Eurasian admixture. While the Y-
chromo-somes of the caste populations were
found to be more similar to Europeans than
Asians; with greater west-Eurasian admixturein
castes of higher rank (Bamshad et al. 2001), recent
studies provide congruent evidence against any
major influx of Indo-European speakersinto the
Indian gene pool and have ascertained a late
Pleistocene South Asian origin for majority of
Indian populations (Sahoo et a. 2006; Sengupta
2006). These new findings are consistent with
archeobotanical evidences (Fuller 2003) and
linguistic data (Renfrew 1989) which suggest a
recent common root for Elamite and Dravidic
languages. It is hypothesized that the same
prehistoric gene pool of southern Asian
Pleistocene coastal settlersfrom Africaprovided
inocula for both Indian castes and tribes, and
subsequent diversification of the gene poolswas
probably due to the genetic imprints laid down
by later migrants, such asHuns, Greeks, Kushans,
Moghuls, and others (Kivisild et al. 2003).
However, much specul ation remains about which
of the population groups are amongst the earliest
settlers of the Indian subcontinent. While the
Austro-Asiatic tribes have been presumed to be
descendants of the early modern humans based
on nucleotide diversity of mitochondrial M
haplogroup (Roychoudhary et al. 2001; Basu et
al. 2003), analysisof theIndian Y chromosomes
undertaken in this study depicts a different
scenario.

Inthisstudy, we have assessed atotal of 1434
unrelated male individuals belonging to 87
different Indian populations, of which 936 Y-
chromosomes have been previously analysed for
38Y-SNPmarkers(Sahoo et a. 2006). Additional
216 samplesareincluded inthe present analysis,
while Y-chromosomal haplogroup data for 282
additional samples from seven other Indian
populations were collated from the literature

(Kivisild et al. 2003; Cordaux et al. 2004). The
present study is based on simultaneous analysis
of 38 SNP and 20-STR markers on the Y-
chromosome to provide the age estimates and
describetheir phylogeographic distribution. Apart
from determining antiquity of various popul ations
groupsin South Asia, we also discussthe genetic
structure and peopling of the subcontinent in
light of present molecular evidences.

SUBJECTSAND METHODS
PopulationsAnalyzed

A total of 1152 unrelated male individuals
belonging to 80 different populations were
analyzed in the present study. Samples include
populationsfrom variouslinguistic families (Indo-
European, Austro-Asiatic, Dravidian and Tibeto-
Burman) and sixteen geographical areasof India.
Blood samples were collected with informed
consent using a protocol approved by the ethical
committeeof CFSL, Kolkata. DNA wasextracted
using standard protocol s (Sambrook 1989) from
peripheral blood lymphocytes. Information
concerning their geographic origin, linguistic and
socio-ethnic affiliation for each population is
givenintable 1. Additional dataon 282 samples
from seven Indian populations (Punjab,
KonkansthaBrahmin, Koya, Yerava, Mullukunan,
Kuruchian, Koraga) and from 76 popul ations of
Western Europe (51), Russia (281), Middle East
(102), Caucasus(122), Central Asia(584), Siberia
(66), North East Asia(334), South East Asia(552),
Oceania(225), Pakistan (691) and Sri Lanka(39)
were collated from literature and included in the
genetic distance analysis.

MarkersAnalyzed

38 binary polymorphisms included in the
present analysis have been previously described
(Sahooetd. 2006). Analysisof 20 Y-STRs (twelve
tetranucleotiderepeatsDY S19, DY S385a/b, DY S
3891/11,DY S390, DY S391, DY S393, DY 460, H4,
DY $437 and DY $439 and three trinucleotide
repeats, DY S392, DY S388 and DY $426, two
dinucleotide Y CAlla/b, two pentanucleotide
repeat loci, DY 438 and DY $447 and ahexa-repesat
nucleotide DY S448) was carried out in the same
DNA samplesby using an in-house standardized
protocol using primers described elsewhere
(Butler et a. 2002). Y-STR haplotypes were
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constructed in a sequential order of loci keeping
an ascending numerical order for the minimal
haplotype to facilitate Y-chromosome compari-
sons with other world populations.

Statistical Analyses

Several population genetic parameters,
including mean haplogroup and haplotype
diversity and their standard errors, mean number
of pair wisedifferences(MPD), pairwise F_, values
for haplogroups and associated p values were
calculated using ARLEQUIN ver.2.0 software
package (Schneider et al. 2000). To test for
differences in the proportions, x2- test for
significance was employed. Apportionment of
genetic differences among various socio-ethnic,
geographic and linguistic groups at different
levels of hierarchical subdivisions; between
individuals within populations, between
populations within groups and between groups
of populationswere calculated using analysis of
molecular variance (AMOVA) (Excoffier et al.
1992). To examine the factor/(s) responsible for
genetic differentiation of Y-chromosomes,
AMOVA was done both on binary markers as
well as with Y-STRs within the lineages.
Significance levels of the genetic variance
componentsaswell as O valueswere estimated
by using 10000 iterations.

Median-joining network algorithm of
hapl ogroup associated haplotypes (Bandelt et al.,
1999; Forster et al., 2000) was performed using
the software NETWORK 4.1.0.8 version (Life
Sciences and Engineering Technology Solutions
Web site), with epsilon value set to zero. For
network calculation, seven Y-STR (DY S19,
DY S3891, DY S38911, DY S390, DY S391, DY S392
and DY S393) loci were used, whereweightageto
each locus was given according to the estimated
variance. Y-STR loci with highest variance was
given thelowest weights. To estimatethetimeto
the most recent common ancestor (TMRCA), we
calculated the ages to STR variation within the
correponding haplogroup observed in the Indian
populations using the average square difference
(ASD) method. We used the same seven Y-STRs
as those used in Network analysis and and a
generation time of 25 years and mutation rate of
6.9 X 10* as described by Zhivotovsky et al.
(@08

Neighbor-joining tree based on F_. values
of 87 Indian populations were used to ilustrate
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the genetic affinity between the studied groups
using MEGA 3.0. Genetic relationship between
populations of Indiaand other parts of the world
was estimated based on pairwise genetic
distances (Fsr va ues) cal culated from haplogroup
frequencies. Multidimensional scaling (MDS)
analysis of pairwise Fsr values was performed
using XL STAT pro 7.5 to decipher the genetic
affinities of populations. The Indian populations
were pooled into their regional boundaries for
comparison of genetic similarity with world
populations, to obtain a better resolution in the
MDSplat.

RESULTS

Approximately 1152 individual sbelonging to
80 extant human populations from 16
geographical regionsof Indiawere analysed with
38Y-SNPsand 20 Y-STR markersto evaluatethe
possibility that Austro-Asiatic speakers are the
earliest settlers of the Indian subcontinent. 24
different paternal lineages were observed, out of
which, haplogroupsH-M69, R1al-M17, R2-M 124
and O2a-M 95 together account for 69% of the
paternal diversity in South Asia. Another 20.9%
of the genetic variation in Indian males is
described by haplogroupsL-M 11, 2-M 172, O3e-
M134,K2-M70, -M89and C-RPAY _ , whilethe
presence of other haplogroups- R1b3-M269 and
G-M201 could be attributed to recent admixture
with Europeans.

Haplogroupsand Extent of Y-Chromosome
Diversity in Indians

TheY-SNPsused in this study were based on
previous reports of polymorphisms in Eurasian
and Oceanic populations. Overall haplogroup
diversity among Indianswasrelatively highwhen
compared to European or East Asian populations.
Indian popul ations depi cted diversity valuesfrom
0.133toahigh of 0.914, with Austro-Asiatic and
Tibeto-Burman tribes generally showing reduced
diversity (Table 1). Twenty-five Dravidian
populations showed a higher mean haplogroup
diversity (0.723+ 0.083) compared to Indo-
European speakers (0.684+ 0.079) represented by
thirty endogamous groups. South Indian groups;
Andhra Brahmins, Kallar, Raju, Chenchu and
Lambadi displayed high lineage diversity values,
while populations of North India typically
demonstrated lower mean haplogroup diversity
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(0.569 + 0.104). The distribution of the lineages
and Y-STR diversity within the haplogroups are
described in detail.

Haplogroup H-M 69

Majority of males analyzed from different
geographic regions of India (23%) carried the
M®69C haplotype, which is additionally defined
by M52C mutation. Distribution of Haplogroup
H showed a north-south gradient (24.4% to
27.4%), however geographically its total
frequency was highest (44.4%) in popul ations of
western India(Table2a). Among the 23% carrying
H lineagein their Y-chromosomes, most of them
were representatives of south India (27.4%),
speaking Dravidian languages (30.0%). In socio-
ethnic groups, the frequency was 27.6% in lower
caste groups, while in the tribal groups it
accounted for 21.2% of their paternal variation.
However, the pattern of distribution did not vary
statistically between the Dravidian and Indo-
European speaking tribes or caste cluster (Table
2b). 206 distinct 20-Y-STR haplotype profiles
deciphered out of 221 individualscarried amean
pairwisedifferenceof 12.66 (Table3), wherenone
of the hapotypes were shared between groups.
In the median—joining network analysiswith 7-Y-
STRs associated with M69C/ M52C lineage
branch, majority of Y-chromosome STR
haplotypes are connected by one-or two-step
mutation events (Fig. 2a). Kora, an Indo-European
speaking tribal group from eastern India, branched
out of the network with more than three mutation
steps. The Y-STR based coalescence time of
haplogroup H1 chromosomes was estimated to
be~ 43,556 years(Table4).

Haplogroup R1al-M 17

Haplogroup R1al-M17 characterizes 17.5% of

the Indians. The Indo-European speakers
demonstrated a significantly higher proportion
of this lineage as compared to populations
belonging to Dravidian linguistic family (29.7%
vs. 11.7%; x?=7.82, p<0.05) (Table 2a). With the
exception of Lodha, Nepali and Bhutia, all other
Austro-Asiatic and Tibeto-Burman speakerslack
thishaplogroupintheir Y-chromsomes. Whilethe
Indo-European and Dravidian caste group depict
significant variation (x?= 12.5, p<0.01), thetribal
groupsaremoreakin. Distribution of M17 lineage
al so showed adecreasing geographic clineaong
the latitude; its frequency was highest (approx.
50%) among the populations of Bihar and Uttar
Pradesh, where almost 60% of the Upper and
Middle caste groups harbored R1al Y —chromo-
somes. Out of the 191 males that carried R1al
haplogroup, 188 unique 20-Y STR haplotypes
were observed (h=0.999). While no haplotype
was shared between populations, intra-
population variation was observed within Jat,
Bhoksha and Yerukula and the mean pairwise
difference between al the Y-STRswasfound to
be high (12.05) (Table 3). The median—oining
network analysis, however, revealed that
populations of neighbouring area shared few of
the haplotypes (Fig. 2b). Passarino et al 2002
reported two region specific allele pattern
associated within M17 among Europeans;
DY S19=15and Y CA lla,b=19,21 was specific to
the Rlals in Western Europe, while Eastern
European R1alstypically harbored allelel6 for
DY S19and 19,23 for Y CA Ilab. In our dataset,
athough, dlele15and 16 at DY S19 werethetwo
most common alleleswith significant difference
in their frequency (x?= 4.66, p<0.05), they did
not reveal any specific geographical, socio-
ethnic or linguistic pattern in their distribution.
The TMRCA of those individuals harboring
R1al Y-chromosomeisestimated around ~32 KYA
(Table4).

Table 4: Y-Chromosome haplogroup variances and TMRCA estimated on seven Y-STR loci

Locus -wise variance Rlal H C 02a R2
DY S19 0.549 0.497 1.183 0.293 0.770
DY S3891 0.793 0.760 0.783 0.383 0.649
DY S3892 0.960 0.872 1.400 0.620 1.211
DY S390 1.173 2.246 1.983 2.314 1.375
DYS 391 1.081 2.533 1.762 0.791 0.966
DY S392 1.009 0.708 1.662 1.620 1.749
DY S393 0.710 0.921 0.917 0.995 1.051
Average 0.896 1.220 1.384 1.002 1.110
Age estimates in years 32,015.31 43,556.12 49,438.78 35,795.92 39,647.96
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Fig. 1. Y-Chromosome haplogroups and their frequency distribution in different regional
populations of India

Haplogroup O2a-M 95

Haplogroup M95, which forms the major
South-East Asian male lineage, (Su et a. 2000,
Karafet et al 2001) accounts for 15% of the Y-
chromosome variation in India. It is however,
localized to the eastern part of the subcontinent,
restricted among the Austro-Asiatic speakers
(72.9%) and Tibeto-Burman speaking tribes
(56.4%) of NE India (Table 2a). Although this
hapl ogroup was also detected in Indo-European
and Dravidian speakers (3.3% in total), its
presencein them could be sufficiently attributed
to admixture from Austro-Asiatic speaking
neighbors living in close vicinity. While this
lineage is completely fixed in Juang, Ho and
Santhal, it is observed that the frequency in
Tibeto-Burman tribesvaried from 25% in Kuki to
80% in Hmar. Surprisingly however, none of the
Himalayish branch of Tibeto-Burman speakers,

Nepali, Bhutia, Tharu, Jaunsari and Bhoksha
harbor this haplogroup (Fig. 1). Although the Y-
chromosomes were rather similar (Fsr =0.03,
p<0.05), none of the Y-STRswere shared between
groups (Table 3). A comparison of Indian M-95 Y-
STR haplotypes with populations of SE Asia
including Java, Borneo, Taiwan and Malay
revealed that the Austro-Asiatic speakers of
Indian subcontinent showed closer affinity to the
SE Asians than their Tibeto-Burman speaking
neighbors (Fcr =0.43 vs4.15, respectively) (data
not shown). To further investigate the
rel ationships between O2aY-chromosomein the
Austro-Asiatic and Tibeto-Burman speakers, a
median-joining network of 27 discrete haplotypes
of 151 individualswas constructed (Fig. 2¢). This
network exhibited two distinct clusters of
hapl otypes with considerabl e haplotype sharing
between the two linguistic families; however the
Austro-Asiatic speakers depicted more diverse
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hapl otypes compared to the Tibeto-Burmans. The
TMRCA of al M95T chromosomeswas estimated
tobe~35,795 years (Table4).

Haplogroup R2-M 124

Our analysis revealed that haplogroup R2
characterizes 13.5% of the Indian Y-chromosomes
and itsfrequency among Dravidian speakerswas
comparableto that of haplogroup H (20.9%) and
significantly different from Indo-European and
Austro-Asiatic speakers (x?= 16.2, d=3, p<0.05).
While the distribution across various geographic
regionswas almost uniform, significant differen-
tiation was observed along the social groups (x*=
18.7, d=3, p<0.05); a decreasing gradient was
discernible as one moved up the caste hierarchy
(Table 2a). Although tribes contributed only 7.4%
of the total R2 lineage, it was proportionately
distributed between the Austro-Asiatic and
Dravidian tribes(Table 2b). Extensive anaysisof
its distribution between north and south Indian
populations showed that while there was
margina differenceamong middleand lower caste
groups of north India (17.1 and 17.4 %
respectively), a clear gradient was observed
among south Indians, where the frequency
declined by more than one-half from lower to
upper castegroups. Analysisof 20-Y-STRswithin
the R2 lineage revealed that three haplotypes
were shared; one between Kamma Chaudhary and
Kappu Naidu, both lower caste Dravidian
speakers from Andhra Pradesh and two within
Karmali and Pallar populations. Network analysis
(Fig. 2d) depicted that alarge number haplotypes
were shared between populations of south India,
while the populations of eastern India harbored
more discrete Y-STR haplotypes. The TMRCA
for M124T was estimated to be ~39,647 years
(Tabled).

Haplogroup L-M 11

The overall frequency of haplogroup L-M11
in the Indian populations was estimated to be
5.6%, while sporadic occurrence of this lineage
has earlier been described among Indo-European
speakers of Caucasus, Middle East, Europe and
amaximum of 4.3%in Central Asia(Seminoet al.
2000; Wellset a. 2001). Dravidian speaking popu-
lationsharbored asignificantly higher percentage
of L haplogroup compared to the Indo-European
speakers, 11.2 and 3.7% respectively (x>= 3.77,

R. TRIVEDI, SANGHAMITRA SAHOO, ANAMIKA SINGH ET AL.

d=1, p=0.05). While frequencies were rather
comparable in the lower caste groups of north
and south, middle and upper caste populations
of south India demonstrated relatively higher
frequencies than northern caste groups (Table
23). TheL-network and highMPD (13.13) revesled
results in congruence with AMOVA suggesting
that no clear geographic, linguistic or social
pattern could be discerned among the Y-STR
haplotypes (data not shown).

Haplogroup J2-M 172

Haplogroup J2-M 172 isthe major lineage of
Middle East/Mediterranean and its frequency
decreasesinto Europe. Among the studied Indian
populations, M172G exhibited atotal frequency
of 5.1%, whereit wasuniformly distributed among
thethree major linguistic families. Except for the
Tibeto-Burman speaking tribes of northeast India,
wherethislineage wastotally absent, no specific
cline could be deciphered among the other
seventy-three mainland populations. Inthe social
categories, upper and middle caste populations
harbor a significantly higher percentage of J2
lineage (~ 10%) ascompared to ~3%inlower caste
populations and tribal groups (x?= 7.74, d=3,
p=0.05). Whilethedistribution was proportionate
among upper caste groups of north and south
India, the difference was more discrete (6.8% vs
15.5%) among middle caste groups of these
regions (Table 2b). The Near Eastern populations
harboring M172 Y-chromosomes are charac-
terized by avery high frequency of DY S388 dleles
with €'15 repeats, while more than 70% of the
malesexamined under thisstudy displayed aleles
withrepeat motifsd” 14. Network analysis showed
alarge number of divergent haplotypeseven with
7-Y STRsand only two reticulations. L odha, the
only Austro-Asiatic tribethat harbored J2 lineage
also displayed very diverse haplotype profiles.
The genetic structure estimated with AMOVA
showed that although the extent of Y-STR
differentiation in the populations carrying this
lineage was approximately 3%, geography,
language or positionin the social hierarchy could
not statistically delineate the studied Indian
populations. Because this marker is associated
with the spread of agriculture, wefurther estimated
variance in the agricultural groups and observed
amargina differenceof 1% inY-chromosomes of
landowner and labourer communities harboring
the J2 lineage (data not shown).
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Haplogroup O3-M 122 and O3e-M 134

The M122 haplogroup and its sub-lineage
M 134 areamong the predominant and widespread
lineagesof EastAsia(Su et a. 2000; Karafet et al.
2001; Shi et al. 2005). Inthe Indian males, it was
detectable at frequencies less than 3% and was
largely restricted among the Tibeto-Burman
speakers of North-East. It was sporadically
present among tribal groups of north India,
particularly Tharu (Fig. 1), probably dueto recent
admixture with neighboring Tibeto-Burman
speakersof Nepal and China. A clear delineation
along the language family was observed in its
distribution; where it was completely absent
among the Tani speakers (Adi Pasi), while the
Naga-Kuki-Chin branch of Tibeto-Burman
speakers contributed the entire 26.7% of O3
lineage. The mean pairwise difference between
Y-STRsand thelineagediversity waslow at 7.37
and 0.993, respectively, compared to its sister
cladeOza.

Haplogroup K2-M 70

Hapl ogroup K 2 occurs on aM9G background
and is reported to occur in populations of Near
East and Europe (Underhill et al. 2000). In our
study, it was found only in the eastern and
southern regions of the country, adding to an
overdl frequency of 3.1%. Althoughit waspresent
inthethreemajor linguistic families, the statistical
difference in its distribution was insignificant.
However, its distribution depicted an inverse
relation as one moved up the social ladder, with
the upper caste populations completely lacking
the M70 lineage in their Y-chromosomes (Table
2a). This lineage was predominant amongst the
lower caste groups of east (Bauri) and tribal
groups of south, particularly Yerukula, contri-
buting approx. 60% of thetotal K2 chromosomes.
Withinthelineage, 36 distinct Y-STR haplotypes,
with avery high mean pairwise difference (14.18)
between them, depicted the absence of population
structure due to language, geography or ethni-

city.

Haplogroup C-M 130 (RPS4Y )
TheRP3AY 11, T formsthe second mgjor cluster

in Asia and Australo-Melanesia and has

reportedly spread into North America (Wells et
al. 2001; Underhill et d. 2000; Karafet et al. 1999;
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Underhill et al. 2001). In the present study, this
lineage was found spread all along the coastal
belt in populations of Maharastra, Tamilnadu,
Andhra Pradesh, Orissa and West Bengal, at an
averagefrequency of 1.4%, and noticeably absent
in the populations of North and North-East.
Although this lineage was present in high
frequency in tribes compared to caste groups, its
distribution in them was not statistically
significant (x?=2.25, d=1, p>0.05). We observed
16 discrete Y-STR haplotypes, with mean pairwise
difference between haplotypesof 13.45 (Table 3).
Although thetotal number of individualscarrying
RPSAY T wastoo small (n=16) to make accurate
evolutionary inferences about its origin within
South Asia, the TMRCA of Indian RPSAY 7, T
individuals was estimated to be ~ 49,438 years
(Tabled).

Other HaplogroupsObserved in Indians

Haplogroup F, which is mgjor and the most
paraphyletic subcluster of M168 lineages was
ubiquitous in its distribution along geographic,
linguistic and socio-ethnic boundaries of India
and was observed in approximately 3% of the
studied males (Table 2a). Haplogroup D, a
monophyletic branch of M168 lineage, defined
by an Aluinsertion and M 174C mutation, on the
other hand, was restricted in Bhutia and Tharu
tribal groups. Its presence among them is most
likely due to gene flow from Tibet, where this
haplogroup has earlier been reported. Major
haplogroups K*, P*, R*, R1, Rla contribute
approximately 2-3% of the total Indian Y-
chromosomes and there was no difference in its
distribution pattern among castes or tribes or
among different geographic regions. Although,
we detected a few European —specific haplo-
groups G and R1b3in Indians, none of our studied
samples showed the presence of haplogroup K 3-
M147, N-M231 or I-M 170, which are the other
highly predominant haplogroups of Europe.

Geneticstructureof thelndian populations

Analysis of molecular variance revealed that
the extent of genetic differentiation was high
among Indians; percent variation among different
groups added up to 27.11%, suggesting that gene
pool of India males was highly structured. To
identify factor/(s) responsible for this compart-
mentalization of Y-chromosomes, population
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Fig. 2a. Median-Joining network of H haplogroup individuals, based on seven Y-STR haplotypes.
Circles represent haplotypes and have an area proportional to frequency. Colour represents the four
geographic regions of India (Red: South; Blue: North; Green: West; Yellow: East)

Fig. 2b. Median-Joining network of Rlal haplogroup individuals, based on seven Y-STR haplotypes.
Circles represent haplotypes and have an area proportional to frequency. Colour represents the four
geographic regions of India (Red: South; Blue: North; Green: West; Yellow: East)
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Fig. 2c. Median-Joining network of O2a haplogroup individuals, based on seven Y-STR haplotypes.
Circles represent haplotypes and have an area proportional to frequency. Colour represents the Austro-
Asiatic (Black) and Tibeto-Burman (White) linguistic families of India

Fig. 2d. Median-Joining network of R2 haplogroup individuals, based on seven Y-STR haplotypes. Circles
represent haplotypes and have an area proportional to frequency. Colour represents the four geographic
regions of India (Red: South; Blue: North; Green: West; Yellow: East)
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genetic structure was analyzed on haplogroup
frequency data in a hierarchical mode: within
populations, among populations and among
groups of populations, pooled according to
geography, linguistic family and their socio-ethnic
position (Table5). Theamount of genetic variation
among five major geographical regionswaslesser
than the percent due to variation among
populationswithin regions (Oct= 0.096 and Osc=
0.211, respectively). Further analysisrevealed that
amost 14.57% of among group variation wasdue
to regional boundaries which also defined their
linguistic affinities (language sub-families). The
increasein “among group variation” and “among
populations within groups’ was non-significant
when only four mgjor linguistic familieswere used
as a criterion for grouping Indian populations.
High Fct and Fsc values suggest that although
significant structuring occurs within the popu-
lations of India, they could not be partitioned
either geographically or linguistically. Apportion-
ment of populations into two broad socio-ethnic
group; caste and tribes depicted only 8% diffe-
rence between them, which further decreased to
6.63% when the caste populations were further
resolved into upper, middle and lower groups.
Among themselves, the caste populations were
not very different, harboring only 1.6% variation
among them.

Genetic Relationshipsamongthelndiansand
with World Populations

To investigate the extent of genetic relation-
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ships among India populations, pairwise Fg,
distances were estimated on the Y-haplogroup
frequencies. On thewhole, popul ations clustered
according to their Y-chromosome lineages. Two
distinct clusters of Indo-European and Dravidian
speakers were discernible in the NJ tree on 87
Indian populations, where except for a few
deviations most of the populations clustered
withintheir linguistic family. Austro-Asiatic and
Tibeto-Burman speakers harboring O2a Y-
chromosome lineage described a separate cluster,
while Tharu grouped with Mara, Lai and Kuki
carrying O3elineage, and formed abranch distant
from other Tibeto-Burman tribes (Fig. 3). MDS
plot also substantiated the genetic proximity of
Austro-Asiatic and Tibeto-Burman speakers to
the populations of South East Asia. Most of the
other Indian populationswere closer to the Indo-
European speakers of Central Asia and Eastern
Europe (Russia and Siberia) but distant from
populations of Western Europe, while popu-
lations of Middle East and Caucasus region
formed a separate cluster in the MDS plot.
Populations of Uttar Pradesh, Bihar and Punjab
were moderately distant from other Indo-
European speakers, while those of Pakistan
remained between Indians, Central Asia and
Russia(Fig. 4).

DISCUSSION
This comprehensive study of Y-chromosome

diversity within India aims to identify evolu-
tionary events (founder effects, gene flow and

Table 5: Genetic Differentiation in Indians at different levels of hierarchy based on Y-SNP Data

Within Population

Among Population
Within Groups

Among Groups

No. of Groups % FST* % FSC* % FCT*

Total 72.89 0.271 27.11
Geography 5 71.22 0.287 19.09 0.211 9.69 0.096
Regional 14 71.95 0.28 13.48 0.157 14.57 0.145
Language 4 69.16 0.308 15.53 0.183 15.31 0.153

a 4 69.88 0.301 17.17 0.197 12.96 0.129
Social CSvsTR® 2 69.79 0.302 21.73 0.237 8.48 0.084

b 4 71.49 0.285 21.89 0.234 6.63 0.066

c 4 82.29 0.177 16.21 0.164 1.51 0.015
Castes UP vs MD vs LW#* 3 83.73 0.162 14.65 0.148 1.61 0.016

*All values are statistically significant at p<0.05
$CS: Castes: TR: Tribes

#UP: Upper castes; MD: Middle castes, LW: Lower Castes

a Includes Karmali and Maheli under Austro-Asiatic; Tharu under Tibeto-Burman language family

b: Includes Upper, Middle, Lower Castes and Tribes

c¢: Includes Upper, Middle, Lower Castes and excludes Austro-Asiatic and Tibeto-Burman Tribes
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Fig. 3. Genetic relationship among populations of India based on F. distances
estimated on Y-Haplogroup frequencies
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Fig. 4. Genetic relationship between populations of India and world estimated from
Y-Chromosome haplogroup frequencies represented in MDS plot

genetic drift) and factors (geographical, linguistic
and cultural barriers) that might have produced a
high degree (27%) of genetic differentiation among
the Indian patrilines. Herewe also eval uate some
of the suggested theories of occupation of Indian
subcontinent by modern humans and popul ation
histories, inthelight of current molecular genetic
evidences.

Phylogeogr aphy of I ndian Y-Chromosomes

Indiais arelict area, which islikely to have
served as an incubator during the early dispersal
of modern humans out of East Africa (Quintana
Murci et d. 1999; Cann 2001) and atreasure-house
of ancient population genetic signatures in its
gene pool. This is reflected in the 24 different
hapl ogroups which were observed in the present
Y-chromosome analysis of 1434 Indian males.
Overall haplogroup diversity among Indian
populationswasrelatively high (0.893) in contrast
to other European or East Asian populations, but
was closer to that of Central Asia. Thispattern of
highNRY diversity (Y-SNPand Y-STR) indicates
an early settlement of the Indian subcontinent

by anatomically modern humans. Four
hapl ogroups; H=23%; R1al=17.5%; O2a=15%
and R2=13.5%, form major paternal lineage of
Indians and together account for ~70% of their
Y-chromosomes. Being largely restricted to the
Indian subcontinent, haplogroup H is assumed
to be associated with the eastward expansion of
M89 Y-chromosomesfrom the L eventine corridor,
which also carried the two late Pleistocene mt
DNA haplogroups, U2 and U7 into India.
Although the M69 Y-chromosomes are
particularly predominant among the Dravidian
speakers of south India, its fairly uniform
distribution across different regions and socio-
ethnic groups of India suggests deep time depth
for these lineage clusters.

Based on the predominance of M17 lineage
among diverselinguistic families (Indo-European,
Altaic, Uralic and Caucasian) and geographic
regions (Central Asia, Europe, Caucasus, Middle
East), (Wells et al. 2001; Underhill et al. 2000;
Karafet et al. 1999; Rosser et . 2000; Nebel et .
2000) it has been associated with the Kurgan
culture, domestication of horses and spread of
Indo-European languages, all which supposedly
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originated in southern Russia/Ukraine and
subsequently extended to Europe, Central Asia
around 3000 B.C (Wellset al. 2001). Its presence
inIndiahasbeen linked tothe“ Aryan” migration
and subsequent spread of Indo-European
languages, appearance of iron and Painted Grey
Wareculturein North West frontier (Cavalli-Sforza
et al. 1994). However, antiquity and geographic
origin of this lineage still remains contentious.
Our study revealsthat thislineageispresentina
significant proportion among the Indian Indo-
European speakers, and is proportionately high
among upper caste groups (Table 2a). The
dispersion of thislineage into the southern tribal
groups (Kivisild et al. 2003, Cordaux et al. 2004)
and the fact that it is proportionately distributed
between the Dravidian and Indo-European tribal
groups provides significant evidence against any
major influx of Indo-European speakersthat could
have drastically changed the Indian male gene
pool (Sahoo et al. 2006; Sengupta et al. 2006).
The high average STR variance (0.896) and
TMRCA supportsarapid population growth and
expansion of M17 Y-chromosomes, which
contributed M 17 lineages both to Central Asian
nomads and South Asian tribes much before the
Indo-European introgression into India. Another
sub-lineage of M173, R1b3-M269 is present at
appreciable frequencies 14.5% in Turkey
(Cinnioglu et al. 2004) and at considerable
frequency in Europe (Cruciani et al. 2002), whileit
isdetected at relatively low frequency (1.9%) in
India, substantiating a recent and limited
admixture with west Europeans.

The observed high frequency of R2 Y-
chromosomes in Indians, which is equivalent to
that of haplogroup H among Dravidian speakers,
corroborates previous reports suggesting its
Indian origin (Cordaux et al. 2004). The deep
coalescencetimefor R2 lineages, dating back to
L ate Pleistocene, supportsitsindigenous origin.
OutsideIndia, itisfoundin Iranand Central Asia
(3.3%) and among Roma Gypsies of Europe,
known to have historical evidence of their
migration from India (Wells et a. 2001). Within
India, whileit is predominant in both eastern and
southernregions, itsdistribution patternisrather
patchy in east (Sahoo et a. 2006). Itismost likely
that genetic drift or bottleneck has reduced the
paternal diversity of Karmali, which contributes
28% of the eastern R2 lineages. This population
although considered to be Austro-Asiatic
speaker, does not present any evidence of O2aY-
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chromosome lineage, portraying a distinctly
different history.

On an average, the patterns of NRY
haplogroup variation of Indians reflect that
populations of the subcontinent are not very
distinct from each and probably have shareafew
common paternal ancestors. Thelineagediversity
wassmall for Austro-Asiatic and Tibeto-Burman
speakers and most of them harbored single
lineage, indicating afounder paternal source for
these endogamous groups, which are confined
to the eastern and north-eastern regions of India.
Haplogroup diversities were rather high for
populations of south India (average of 0.740),
giving concordant evidences of arelative early
settlement, growth and expansion of popul ations
living in southern India.

Tracesof Ancient Migration of Modern Humans

Recent studies provide substantial evidences
in favor of the southern route hypothesis for the
dispersal of modern human ~ 60-75 kyafromthe
horn of Africaaong the tropical coast of Indian
Ocean to reach insular South East Asia and
Oceania (Cann 2001, Stringer 2000). A strong Y-
chromosome support to this model is the
distribution of haplogroup C lineages in Asia
(Kivisild et a. 2003). Australo-Melanesia and
North America (Karafet et al. 1999). Although
present inlow frequenciesin Indian subcontinent,
(Bamshad et al. 2001; Senguptaet a. 2006; Kivisid
etal. 2003; Cordaux 2004; Wells2006; Ramanaet
al. 2001) itislargely distributed along the coastal
regions, with afew patchy occurrencesin Punjab.
However, the persistence of M 130 lineagesmostly
among the south Indians, Pakistan (Qamar et a.
2002) and Sri Lanka(Kivisild et al. 2003) provides
indirect evidencein support of the southern route
of migration by early modern humans. We have
previously suggested that lack of haplogroup C
sub-lineages (M217, M38 and M8) isindicative
of the indigenous origin of most Indian
populations and argues against the theory of
Aryan migration from Central Asia(Sahoo et al.
2006). The present analysis showed none of the
deletions (DY S390.1 or DY S 390.3) associated
with Australian or Polynesian C* chromosomes,
contesting the claims of link between India and
Australian aboriginals (Redd et a. 2002). . The
age estimate of approximately 49KYA yearsin
Indian samplesindicatesaprobable Indian origin
of this lineage. However, until further analysis
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and age estimatesin other world populations are
known, it cannot be conclusively proven if
RPSAY T mutation arosein Indiaor arrived with
the earliest migrants after it arose somewherein
westAsia, fromwhereit wasfinaly lost or diluted
during the Upper Pa ealithic expansion of modern
humans (Underhill et a. 2001).

Genesisof Caste Structureand I nfluence of
Migrations on the Indian Gene Pool

Themain feature of Indian society isthat itis
highly structured by social factors such as caste
system, inwhich birth determinesthe positionin
the society, mode of subsistence (occupation),
and choice of marriage partners. However,
genesis of caste system in India is ambiguous,
since many of the caste groups are known to
have tribal origins (Kosambi 1964). Further the
migration of Greeks, Huns, Arabs, Chinese, Turks,
Persians, Portuguese and others have made
understanding the nature of population structure
more complex. mt DNA analysis from different
geographic region and social status showed that
maternal haplogroupsin Indiaare derived froma
limited number of founder lineages of M and N
clades supporting a common proto-Asian
ancestry with limited geneflow fromlater migrants
(Kivisild et al. 2003; Basu et al. 2003). Our study
reveasthat thereisvirtually no genetic difference
in the Y-chromosomes between the caste groups
and tribes (Table 5). Whatever minor difference
is present is largely due to haplogroup O2a,
contributed exclusively by the Austro-Asiatic
and Tibeto-Burman tribes. Our present analysis
(AMOVA and haplogroup frequency distribution
in populationsexcluding theAustro-Asiatic tribes
of Jharkhand and Orissa and Tibeto-Burman
tribes from Northeast) provides congruent
evidence in support to the hypothesis that
populationsin Indialargely derivetheir gene pool
from the common Pleistocene settlers. High
frequency of J2 and R1al lineagesmirror agreater
influence of Indo-European migrants on upper
caste populations of Gangetic plains compared
to the peninsular southern regions. However,
these skewed frequencies also suggest that the
indigenous popul ationsreceived limited external
gene flow from Europe, Central and West Asia.
Thisis also supported by mt DNA haplogroups
that depict Indian-specific lineageswith alimited
contribution from both west and east Eurasian
populations (Metspalu et . 2004). A similar trend
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of J2 and R1al among caste populations would
probably provide a simplistic assumption that
agriculture was brought along with caste system
by the Indo-European speakers as a result of
demicdiffusion of early farmersfrom southwestern
Iran, Fertile Cresent and Anatolia (Quintana-
Murci et a. 2001; Cordaux et al. 2004). However,
the absence of other Neolithic markers of early
farmers, M35 and M201; that are prevalent in
Europe, Anatolia, South Caucasus and Iran
(Semino et a. 2000; Underhill et al. 2001) among
Indians, in addition to the frequency of M172in
southern and western India and its persistence
in south Indiaand tribal groups (Table 2a) ques-
tions the validity of this hypothesis. Agriculture
in India probably arose as two independent
events; one that was a consequence of earliest
migration that brought the Dravidian speakers
and another much later through spread of rice
cultivatorsfrom SE Asia(Fuller 2003; Diamond
etal. 2003).

Insightsinto Origin of Austro-Asiatic and
Tibeto-Burman speakers

The origin of two language families, Austro-
Asiaticand Tibeto-Burmanin Indiaisof particular
interest and has received considerable attention
(Basu et al. 2003; Cordaux et al. 2004). In the
present study, analysis of eleven Austro-Asiatic
and seven Tibeto-Burman tribesfrom the eastern
and north-eastern region of India, establishesthat
the male gene pool of these groups are distinctly
different from other mainland tribal populations
(Table 2a). An overall low Y-STR haplotype
diversity and completefixation of O2ain some of
the aboriginal tribes (Ho, Santhal, Juang, Birhor
and Munda) suggests that these tribes probably
experienced amajor demographic event, such as
common founder effect followed by abottleneck
that greatly reduced the Y-chromosome diversity
intheAustro-Asiatic tribes of eastern India(Table
1). In contrast to Austro-Asiatic tribes, the Tibeto-
Burman tribes harbor both O2aand O3elineages
in their Y-chromosomes. Interestingly, the two
branches of the Tibeto-Burman language;
Himalayish and Naga-Kuki-Chin, could be
distinctly identified from their Y-chromosomes.
Theformer depictsinfluence of Tibetan genepool,
marked by the presence of Haplogroup D lineages
inBhutiaand Tharu (Sahoo et al. 2006), whilethe
other linguistic branch harbors O3elineages. The
predominance of O haplogroup and its sub-
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lineages in populations of East Asia suggest a
SE Asian origin of Indian Austro-Asiatic and
Tibeto-Burman speakers. We hypothesize that
the Tibeto-Burman speakers came asanumber of
migratory events, whilethe Austro-Asiatic tribes
probably arrived in India as a single event. The
two groups probably migrated into India at
different time period isevident from the absence
of O3elineages among Austro-Asiatic speakers,
which probably arethe earliest immigrants of the
two. Presence of an Austro-Asiatic speaking tribe,
Khasi, among the Tibeto-Burman speaking
neighbors in the northeast corroborates this
assumption. While the Tibeto-Burman speakers
brought in a number of East Asian maternal
lineages (A, B5b, F1b, M8c, M8z) (Metspalu et
al. 2004), absence of these lineages in Austro-
Asatictribes(Thangarg) et al. 2005; Sahoo 2006a)
portraystwo different scenarios. First, theearlier
exodusfrom South East Asiawas probably amajor
male-mediated migration into India, or that the
female gene pool of the migrating East Asiansis
completely lost among the Austro-Asiatic tribes.
Additional confirmation to this hypothesis is
provided with evidences of agricultural expan-
sionsfrom their homelandsin China, at different
times and over different geographic ranges.
Austro-Asiatics are presumed to have spread
west and south from southern China into the
Indian subcontinent and Malay Peninsula and
brought rice cultivation with them (Higham 2003;
Bellwood 2004). The genetic evidence revealed
in this study is consistent with anthropological
records (Guha 1935), which suggests that Sino-
Tibetans dispersed from the Yellow River and
cameinto Indiathrough two different routes; one
from Burmaprobably brought the Naga-K uki-Chin
language and O3e Y-chromosomes and the other
from Himalayas, which carried the YAPlineages
into northern regions of subcontinent.

Ageof Human Occupationin India-
Austro-Asiaticor DravidiansasFir st Settlers?

Based on socio-cultural and linguistic evi-
dences(Thapar 1995; Pattanayak 1998) and results
based on mt DNA HV SI nucleotidediversity and
highest frequencies of mitochondrial M haplo-
group (Roychoudhary et al. 2001; Basu et al.
2003), it was asserted that Austro-Asiatic tribes
are the earliest settlers in India. The present
comprehensive Y-chromosome analysis, which
includes populations of all linguistic and socio-
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ethnic affiliations, however, suggests people of
south India as the original settlers of the sub-
continent. The total lineage diversity and dis-
tribution of Indian-specific Y-chromosome
haplogroups (H, L, C, R1al and R2) in different
geographical and socio-linguistic layers of the
Indian populations provides substantial support
in favor of this hypothesis. This theory also
gathers adequate evidence from presence of the
coastal marker, RPS4Y, inthe south Indian tribes,
who probably represent remnants of the modern
human migration out of Africa that took the
southern route to Australia. Any possibility that
Austro-Asiatic speakers could have dispersed
from India is also eliminated based on the
differential distribution of O2a Y-chromosomes
in southern China and India and the complete
absence of East-Asian specific mt DNA lineages
inAustro-Asiatic and Dravidian speakersof India.
mt DNA haplogroups of Indian Austro-Asiatic
speakers are instead, probably a sub-group of
their Dravidian neighbors (unpublished data,
Kashyap et a.). Recent archeological and linguis-
tic evidences corroborate a Neolithic expansion
of Austro-Asiatic languages from Yangtze River
basin (Higham 2003) and our present study
supportsan east-west clinal expansion of Austro-
Asiatic males from South East Asia, which was
not associated with any female geneflow. Further,
deeper coalescence age for the Y-chromosome
haplogroups C, H, R2 compared to O2a is
consistent with hypothesis that Austro-Asiatic
speakers cannot be considered as the earliest
settlers of South Asia.

CONCLUSIONS

We find that genetic variation in India is
characterized by ahigh Y-chromosome diversity,
which is reflected by a greater correspondence
with linguistic groups of India. Our results
demonstrate India as a hotspot both as an
important source and recipient of major Y-
chromosome lineages of the world. Haplogroup
distribution and AMOVA results provide tandem
evidencein support acommon Pleistoceneorigin
of Indian populations, which was subsequently
followed by migrations of Austro-Asiatic
speaking tribal malesfrom SE Asia. The Tibeto-
Burman populationswerelater migrantswho took
two different routes and carried both male and
female lineages specific to East Asia. Based on
deep coalescence age estimatesof H, R2and C Y-
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chromosome lineages, their diversity and
distribution pattern, our data suggests an early
Pleistocene settlement of South Asia by
Dravidian speaking south Indian popul ations; the
Austro-Adiatic speakers migrated much later from
SE Asiaand probably contributed only paternal
lineages while amal gamating with the aboriginal
populations of the region.
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