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Genome-wide signatures of male-mediated migration
shaping the Indian gene pool

GaneshPrasad ArunKumar1,2, Tatiana V Tatarinova3, Jeff Duty4, Debra Rollo4, Adhikarla Syama1,
Varatharajan Santhakumari Arun1, Valampuri John Kavitha1,5, Petr Triska6, Bennett Greenspan4,
R Spencer Wells7, Ramasamy Pitchappan1,8 and The Genographic Consortium9

Multiple questions relating to contributions of cultural and demographical factors in the process of human geographical dispersal

remain largely unanswered. India, a land of early human settlement and the resulting diversity is a good place to look for some

of the answers. In this study, we explored the genetic structure of India using a diverse panel of 78 males genotyped using the

GenoChip. Their genome-wide single-nucleotide polymorphism (SNP) diversity was examined in the context of various covariates

that influence Indian gene pool. Admixture analysis of genome-wide SNP data showed high proportion of the Southwest Asian

component in all of the Indian samples. Hierarchical clustering based on admixture proportions revealed seven distinct clusters

correlating to geographical and linguistic affiliations. Convex hull overlay of Y-chromosomal haplogroups on the genome-wide

SNP principal component analysis brought out distinct non-overlapping polygons of F*-M89, H*-M69, L1-M27, O2a-M95 and

O3a3c1-M117, suggesting a male-mediated migration and expansion of the Indian gene pool. Lack of similar correlation with

mitochondrial DNA clades indicated a shared genetic ancestry of females. We suggest that ancient male-mediated migratory

events and settlement in various regional niches led to the present day scenario and peopling of India.
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INTRODUCTION

India has been a hub of early human expansion since the first wave of
out of Africa migration through the southern route.1–3 High pheno-
typic diversity and varied cultures of people of India along with recent
genomic studies led to different views on how the peopling of India
occurred. The population of India has been declared a Pleistocene
gene pool,4–7 living in a diverse landscape and practicing varying
degrees of inbreeding and endogamy. In addition, various geographical
niches and languages make their genetic history more complex. Our
study on the people of Tamil Nadu, the southernmost state of India,
highlighted the importance of considering the population structure
along with cultural and subsistence elements in unraveling the
peopling of India.8

Studies of genetic history of Indian population based on uni-
parental markers have produced some conflicting results. For example,
non-recombinant Y-chromosomal (NRY) markers analysis suggested
the presence of many autochthonous and non-autochthonous lineages
in the subcontinent. NRY lineages such as F*-M89, H-M69 and
L-M20 may have had an autochthonous origin, whereas others such as
J-M304, O2a-M95 and O3a3-M117 have an external origin, and the
origin of certain other haplogroups such as R1a1-M17 are

disputed.6,9,10 An external origin of NRY haplogroup R1a1-M17, the
speculated marker of Indo-Aryan, was proposed based on the sharing
of this haplogroup between Indo-European speakers of India and
Eastern Europeans.2,11 In contrast, a study by Sharma et al.,10

supported the Indian origin of the NRY haplogroup R1a1-M17,
and, therefore, of the Indo-European speakers.10,12 Interestingly, the
Dravidian speakers are characterized by NRY haplogroups F*-M89
and L1-M27,6,8 suggesting an in situ evolution, in contrast to the
Proto Elamite theory of origin in the Fertile Crescent.13 The origin of
NRY haplogroup O2a-M95, mostly represented in Austro-Asiatic
speakers of Eastern India, is also controversial, and both indigenous
and Southeast Asian origins have been proposed.14,15 However,
mitochondrial DNA (mtDNA) markers suggest a shared maternal
gene pool of India,16,17 with 60% of Indian mtDNA being composed
of mtDNA haplogroup M and its derivatives,18 with a majority of the
rest belonging to mtDNA haplogroup R and its derivatives.19,20

Thus, studies of uni-parental markers point to a uniformity of a
deep-rooted female gene pool of India. Interestingly, the male gene
pool of India has had multiple origins (both inside and outside the
subcontinent) and exhibit a strong correlation with the language
family.

1The Genographic Laboratory, School of Biological Sciences, Madurai Kamaraj University, Madurai, India; 2School of Chemical and Biotechnology, SASTRA University, Tanjore,
India; 3Department of Pediatrics, Keck School of Medicine and Children’s Hospital Los Angeles, University of Southern California, Los Angeles, CA, USA; 4Family Tree DNA,
Houston, TX, USA; 5Department of Biotechnology, Mother Theresa University, Kodaikanal, India; 6Instituto de Patologia e Imunologia Molecular da Universidade do Porto
(IPATIMUP), Porto, Portugal; 7National Geographic Society, Washington, DC, USA and 8Genomics Laboratory, Chettinad Academy of Research and Education, Chennai, India

Correspondence: Professor R Pitchappan, Genomics Laboratory, Chettinad Academy of Research and Education, OMR Kelampakkam, Chennai 603103, India.
E-mail: pitchappanrm@yahoo.co.uk

9The members of The Genographic Consortium are listed before references.

Received 31 October 2014; revised 13 April 2015; accepted 17 April 2015; published online 21 May 2015

Journal of Human Genetics (2015) 60, 493–499
& 2015 The Japan Society of Human Genetics All rights reserved 1434-5161/15
www.nature.com/jhg

http://dx.doi.org/10.1038/jhg.2015.51
mailto:pitchappanrm@yahoo.co.uk
http://www.nature.com/jhg


Recently, many genome-wide studies using microarray chips
containing ancestry informative markers revolutionized human
population genetics. A seminal study based on 132 Indian samples,
encompassing 560 123 single-nucleotide polymorphisms (SNPs) sug-
gested the existence of ancient North Indian and ancient South Indian
gene pools, therefore making the present day Indo-European and
Dravidian speakers of India a result of recent admixture between the
two ancient gene pools.21,22 Further, high similarity between North
and South Indian populations have been found in whole-exome
sequencing as well.23 These studies reiterate that the genetic variation
of different linguistic groups may be a result of different migratory
events.
The Genographic Consortium has developed the Geno 2.0 chip, a

dedicated genotyping array containing only ancestry informative
markers.24 This tool is useful for detection of accurate admixture
proportions for world-wide populations. The ancestral information
predicted by this tool has been validated using Genographic and
HapMap reference samples.25 In the present study, 66 samples drawn
from the entire geographical expanse of India, used previously in the
GenoChip validation study, and 12 additional HapMap Gujarati
samples were further analyzed. The study interrogated (i) how the
Indian samples are stratified based on the ancestry informative
markers studied in the GenoChip; (ii) does the genome-wide SNPs-
based clustering correlate to covariates such as geography, language or
other cultural traits?; and (iii) do the genome-wide signals correlate to
variation of their uni-parental markers?

MATERIALS AND METHODS

Sampling
The 66 Indian samples used in this study were collected as part of the
Genographic Project. Mouthwash was collected from volunteers and DNA was
isolated using standard salting out method with ethanol precipitation.26

A signed informed consent was obtained before the sample collection. The
study protocol was approved by the Institutional Ethical Committee of Madurai
Kamaraj University, India and University of Pennsylvania, USA. To increase the
representation of the West Indian samples, we added a random subset of
12 Gujarati samples from the HapMap data set to get a snapshot of the genome
diversity of from West India.25

Genotyping
Genome-wide SNP genotyping was performed using the GenoChip array in an
Illumina HD iSelect genotyping bead array.24 These results have formed a part
of the validation study.25 We analyzed the data (Supplementary File 1) in the
context of India and genotyped the Indian subset of samples for 23 Y-SNPs
using custom-made Taqman assays (Applied Biosystems, Foster City, CA, USA)
in 7900HT Fast Realtime System and a core set of 22 mtDNA SNPs using a
custom-made SNaPSHOT assay.8,27

Biogeography
We followed the protocol described in Elhaik et al.,25 the approach is briefly
described below. We used the world-wide reference data set data on 127 000
autosomal SNPs of 615 individuals from 54 world-wide populations collected
as part of the Genographic Project and genotyped on the GenoChip array.24

High data quality was achieved by applying two criteria to the SNP data: (i) low
missingness rate (o5%), calculated as the average number of null genotypes
over all samples in a population and (ii) individuals that exhibit exceptional
admixture proportions (4Δ5% in any admixture coefficient) compared to the
mean population proportions were considered outliers and omitted. We
therefore omitted 2423 SNPs and five samples from the analysis.

Admixture framework
First, ADMIXTURE was used in an unsupervised manner to obtain nine allele
frequencies for each SNP, corresponding to the allele frequencies of nine

putative ancestral populations. We then used the allele frequencies to generate
the genotypes of the putative ancestral populations, simulating 15 individuals of
each putative ancestry. Second, we used these simulated samples in a supervised
manner for all further analyses so that ADMIXTURE associates each SNP of
each test sample with one of the putative ancestral populations based on their
simulated genotypes. In this manner, the admixture inference is sample
independent and depends solely on the putative ancestral populations, and
not on the other tested samples as in alternative approaches.28 The relationship
between admixture and geography was calculated using nine admixture
coefficients and geographical position using the reference samples, as described
in Elhaik et al.,.25 The bio-origin of a test sample of unknown origin was
obtained using the GPS algorithm (Supplementary File 2).25,29 f4 test
was performed to estimate the admixture proportions in Indian populations
in different combinations of clustering following approach described in
Reich et al.21

Principal component analysis
Principal component analysis (PCA) of the SNP genotype data of the samples
was performed using ‘Adegenet’ package implemented in R v3.0.1.30 Polygon
overlay of ‘Language family’, ‘Y-haplogroup’ and ‘mtDNA haplogroup’ over the
PCA plots were performed using the convex hull method implemented using
grDevices package in R v3.0.1. Hierarchical clustering was conducted using the
built-in function in R, hclust. In order to investigate hierarchical clustering of
the sampled populations, we analyzed our data in TreeMix software.31 We used
linkage disequilibrium (LD) pruned data set, and we set Kenyan population as a
root of the tree. Mean Fst values32 were calculated in vcftools33 on data set
pruned for linkage disequilibrium.

RESULTS

The design of the GenoChip has been earlier validated on 615
reference samples from 54 world-wide populations collected as part
of the Genographic Project, including that used in the present study,
and tested in admixture analyses.24,25 The results have revealed the
existence of a clear substructure of the world populations essentially
determined by geography. This is in agreement with the accumulated
knowledge on global population history.34–36 In the present paper, we
further carried out extensive analysis on the Indian data set in the
context of other uni-parental data generated (Supplementary Table 1
and Supplementary File 1).

Three major components of Indian gene pool
Unsupervised admixture analysis37 identified three major components
making the Indian gene pool, each contributing 30–50%, namely,
Southwest Asian (pitch red), Southeast Asian (blue) and Northeast
Asian components (brown) (Supplementary Figure 1).25 Here, we
clustered the Indian samples into six groups: five geographical and
one cultural (pan-Indian Brahmins). The Brahmins were grouped
separately because of their unique and common cultural traits and
history.38 The pan-Indian Brahmins and Western Indian samples
(12 Gujarati [HapMap], 1 Parsee and 1 Katkari) showed a modest
(~10% combined) Northern European and Mediterranean compo-
nent that were not found in any other clusters (Supplementary
Figure 1), thereby suggesting a limited shared genetic ancestry with
these populations. The Southwest Asian component was ubiquitously
present in all the Indian samples, whereas the Northeast Asian
component was predominant among Northeast Indians.

Clustering analysis
To further investigate the genetic affinities of the studied Indian
samples, we performed hierarchal clustering based on their admixture
proportions (Figure 1 and Table 1). The resulting tree showed seven
distinct clusters, each containing a major proportion of samples with
common linguistic or geographical affiliation or both. Cluster 1 was
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made mostly of Tibeto-Burmese speakers from Northeast India;
Cluster 2: Austro-Asiatic speakers from East India; Cluster 3:
Tibeto-Burmese speakers from Northeast and North India (adjoining
Himalayas); Cluster 4: Indo-European speaking Brahmins from
various regions of India; Cluster 5: non-Brahmin Indo-European
speakers dispersed across India; Cluster 6: South Indian Dravidian
speakers; and Cluster 7: a single West Indian population, Parsee. This
clustering analysis revealed a combined influence of geography and
language in shaping the gene pool of India. PCA based on the
admixture proportions also revealed similar distinct population

clusters, thus adding strength to our proposition (Supplementary
Figure 2).
To further investigate the individual effect of various covariates of

population classification, we performed the χ2-test between the
population classification and the hierarchal cluster membership
(Table 2). The most significant association (P-value of 2.95× 10− 33)
was obtained for the classification based on regional clusters plus the
Brahmin population. It is to be noted that we considered Brahmins as
a unique entity irrespective of their present day geographical domicile
owing to their historically common cultural traits. States of India
(mostly geo-linguistic entities) and linguistic classification also showed
significant P-values (7.0× 10− 24 and 1.57× 10− 17).
The proportion of various global components in the seven clusters,

as with admixture analysis (Supplementary Figure 1), revealed that the
majority of Indian samples contained three global components:
Northeast Asian, Southwest Asian and Southeast Asian, ranging from
57.3 to 64.3%. Clusters 1 and 3 contained 64.3 and 41.9% of the
Northeast Asian component. All seven clusters, except for the Cluster
1, showed a high proportion of the Southwest Asian component. This
component was observed at high frequencies only in the Indian
populations with 435% of Indian samples with a frequency of 65%
(Supplementary Figure 3). Therefore, this effect can be attributed to
the Indian origin of this component.
The South Indian Dravidian speakers (Cluster 6) had the maximum

proportion of the Southwest Asian component (58%), suggesting a
probable in situ origin or expansion of their gene pool. The accuracy
of this analysis was supported by the distinct genetic makeup of
Cluster 7 (Parsee samples), with 39.9% of Mediterranean component.
Parsees are believed to have migrated from the Greater Iran region to
India during the eighth to tenth centuries.39 Parsee is genetically closer
to the Iranian population than any other Indian populations.
We also confirmed the results of the clustering analysis by using the

Treemix algorithm (Supplementary Figure 4). All Indo-European
speakers clustered together in one branch, with the exception of
Indo-European speakers from North India. Indian Indo-European
speaking groups clustered at the base of the branch, whereas European
populations have a terminal position at the branch. Dravidian speakers
separated according to geographical location while the southern
Dravidian populations were placed in proximity of the Indo-
European speakers’ branch; the Dravidian speakers from east/central
India were located at the extremity of the tree, near the Austro-Asiatic
speakers. Indian Tibeto-Burmese speakers formed an individual
branch together with China, Japan and Vietnam.

Figure 1 Admixture proportion based hierarchical clustering of Indian
samples. The Indian populations clustered into six groups, each reflecting
their overall geographical or linguistic affiliations. The Brahmins across
India, irrespective of their present domicile, clustered as a separate entity
reflecting their unique shared ancestry. Cluster 1—Tibeto-Burmese speakers
from Northeast India; Cluster 2—Austro-Asiatic speakers from East India;
Cluster 3—Tibeto-Burmese speakers from Northeast and North India; Cluster
4—Indo-European speaking Brahmins from various regions of India;
Cluster 5—non-Brahmin Indo-European speakers dispersed across India;
Cluster 6—South Indian Dravidian speakers; and Cluster 7—Parsee
population of Western India.

Table 1 Quality measure of the hierarchical clusters showing means of seven global components

Cluster means of various components Implied correlates

Cluster

Northeast

Asian Mediterranean

Southern

African

Southwest

Asian

Native

American Oceanian Southeast Asia

Northern

European

Subsaharan

African Language

Region within

India

1 0.64 0.00 0.00 0.03 0.01 0.01 0.32 0.00 0.00 TB Northeast

2 0.02 0.00 0.00 0.39 0.00 0.02 0.57 0.00 0.00 AA East

3 0.42 0.01 0.00 0.21 0.01 0.01 0.33 0.02 0.00 IE, TB North

4 0.01 0.11 0.00 0.55 0.01 0.00 0.21 0.11 0.00 IE Brahmin—Pan

India

5 0.02 0.10 0.00 0.58 0.01 0.01 0.21 0.07 0.00 IE North

6 0.00 0.03 0.00 0.58 0.00 0.00 0.38 0.01 0.00 Dr South

7 0.06 0.40 0.00 0.43 0.00 0.01 0.04 0.06 0.00 IE Parsee—West

Abbreviations: AA, Austro Asiatic; Dr, Dravidian; IE, Indo European; TB, Tibeto Burmese.
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In order to additionally validate the conclusions based on admixture
proportions in the Indian samples, we calculated f4 statistics for two
trees with two ancestral populations and one Indian population:
(Yoruba, ancestral 1; ancestral 2, tested Indian) and (Yoruba, ancestral
2; ancestral 1, tested Indian). Ratio of statistics results gives the
estimate of which tree better reflects the data. In the next step, we
carried out linear regression and extrapolated line to obtain x and y
intercepts. These intercepts represent respectively 0 and 100% of
ancestry of ancestral population 1. For every data point, we found
closest point on the regression line and we interpolated ancestry
proportions from this point. Results of regression ancestry estimate
corroborate clinal pattern observed in results of Admixture and
TreeMix. South and West Indian populations are more close to
Indo-European speaking populations (Italian or Brahmin), whereas
North and North East Indian populations exhibit greater affinity to
North-East Asian populations (Chinese) (Supplementary Figure 5).

Diversity of uni-parental markers in India
Having found the relationship between geography and spoken
language with genomic variation based on admixture components,
we investigated whether the observed variation could be attributed to
the diversity of uni-parental markers observed in India, considering
the regional differences in NRY composition in India.6 In the global
PCA based on genotype data of GenoChip SNPs, Indian samples were
placed in the midst of Asians and Europeans, whereas African samples
clustered away from this main cluster (Figure 2a). The same was
demonstrated using the smartPCA algorithm (Supplementary Figure
6). smartPCA is a Bayesian extension of a traditional PCA approach
allowing incorporation of external knowledge. Inclusion of the
‘reference populations’ was necessary for the separation of Indian
samples along the x, and particularly the y, coordinates in the PCA.
Plot of the PCA3 vs PCA1 showed: (i) separation between Indian
samples and the reference groups (American Indian, Asian, African
and European); (ii) closer affinity of Indian samples to European and
Asian samples than to African and American Indian ones; and,
(iii) existence of clusters within Indian samples. The PCA using the
whole-genome SNPs of Indian samples alone without the ‘reference
populations’ revealed distinct geographical clusters of the samples
(Figure 2b). East, South and Northeast Indians formed distinct clusters
while the Brahmin and West Indian samples clustered together. The
North Indian samples did not form a distinct cluster.
Polygons representing linguistic family, NRY haplogroups and

mtDNA haplogroups of Indian samples overlaid on the PCA clusters

revealed a varied picture. The linguistic polygon overlay on the global
PCA plot (Supplementary Figure 7a) showed a clear distinction
between Dravidian, Austro-Asiatic and Tibeto-Burmese speakers
similar to previous observations.21 The Dravidian and Indo-
European speakers showed a larger overlap, whereas the Dravidian
and Austro-Asiatic speakers showed a minimal overlap. The picture
became clearer when PCA was restricted to Indian samples
(Supplementary Figure 7b).
The NRY haplogroup polygon overlay on the global and Indian

PCA brought out five distinct, non-overlapping polygons relevant to
five different NRY haplogroups, namely: F*-M89, H*-M69, L1-M27,
O2a-M95 and O3a3c-M117 (Supplementary Figure 8). The correlation
between the NRY haplogroup variation and the whole-genome SNP
variation was confirmed by a significant Mantel test P-value of 0.0003.
On the other hand, the less common mtDNA haplogroups B, R8 and
M36 were the only ones showing non-overlapping polygons
(Supplementary Figure 9). The absence of non-overlapping mtDNA
haplogroup polygons in genome-wide SNP PCAs (Mantel P–value=
0.1275) supports the observation that almost 80% of Indian mtDNA
lineages are descendants of only two mtDNA haplogroups, M and R,
and that the female genepool of India is highly fluid, which may be
attributed to patriarchal social practices.7,16,18,19,40

DISCUSSION

The present study is a snapshot of Indian genetic variation based on
ancestry informative markers spanning the entire genome. The results
highlighted a correlation of genetic variation with geographical
and linguistic affiliation of the samples. In addition, a correlation
to Y-chromosomal variation suggested a male-dominated genetic
structure.

Genetic structure of India
Previous studies have proposed two major genetic elements that have
shaped the Indian gene pool. One, termed Ancestral North Indian, is
closer to European, Middle Eastern and Central Asian, and the other is
a distinct Ancient South Indian.21,22 The present study described three
major components in the Indian gene pool, namely, Southwest Asian,
Southeast Asian and Northeast Asian. The Southwest Asian compo-
nent was present in highest proportions in the Indian samples only
(Supplementary Figure 3), thus postulating it to be a native Indian
component. On the other hand, the Southeast Asian component
was present in moderate levels in Chinese and other East Asian
populations.
A unique identity of Brahmin populations surpassing geographic

differences was brought out as evidenced from the unique cluster in
the hierarchal clustering analysis based on admixture proportions
(Figure 1). The Brahmin samples from all over India contained 11.4
and 10.6% of Northern Eurasian and Mediterranean components,
thereby suggesting a shared ancestry with the Europeans (Table 1;
Cluster 4). This was also reflected in the genetic relatedness based on
Fst values between Brahmins and Europeans (Supplementary Table 2).
Note that our Fst values agree with those previously reported.21 Earlier
studies describing Ancestral North Indian genetic variance and NRY
haplogroup R1a1-M17 suggested similar shared ancestries with
Europeans and Mediterraneans.10,21

We compared consistency of Brahmin and Western Indian samples
using the GPS algorithm.25 We conducted the leave-one-out analysis,
removing one sample at a time and re-computed mean admixture
vector for the remaining individuals in the population, and predicted
the origin of the removed sample using GPS. In this analysis, all 13
Brahmin samples were mapped to Brahmins; however, among the 12

Table 2 χ2-test of the differences of various descriptor (covariates)

clusters of the study populations

Proxy/cluster No of proxies (clusters) P-value

Longitude/latitude 39 2.27 E−14

Region in admixture analysis+Brahmin 6 2.95 E−33

States of India 17 7.00 E−24

Language family 4 1.57 E−17

Status (caste/tribe) 2 6.91 E−06

Ethnicity (individual caste/tribe based) 15/12a 1.18 E−09

Y-haplogroup 12 2.21 E−02

mtDNA haplogroup 6 2.64 E−02

State, the linguistic states of India representing various language speaking people in distinct
geographical terrain influence the membership the most. The significance of distribution of
various proxies revealed, State of origin of samples and the Language family as the most
influencing factors, due to non-random distribution of these proxies in various clusters.
aProxies with single samples were not used.
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Gujarati samples, only 25% were mapped to Gujarat. This indicates
that the Western India samples studied were not homogeneous, or
that the Gujarati samples were admixed while the pan Indian
Brahmins might have had a common genetic ancestry. Other Indian
populations were too small for the leave-one-out analysis.
The Northeast Asian component was predominant among the

Northeast Indian Tibeto-Burmese speakers who share genetic elements
with East Asians.9 The presence of varying degrees of Northeast Asian
component (Supplementary Figure 1, Brown) in Northern Indian
sample studies was attributed to the inclusion of Tibeto-Burmese
speakers of the Himalayan ranges in this group (Changspa, Rajput
Kinnura), whose genetic history supports a migration from the
Northeast Asian region.40,41

Patterns observed in result of TreeMix (Supplementary Figure 4)
reflect documented migration events and gene flow. The separation of
Dravidian into two (South and East) is expected. The Dravidian
speakers of East/Central India speak a subgroup of Dravidian language
called Central Dravidian languages. These people live in close
proximity with Austro-Asiatic speakers of East India (many within
the same village). Gene flow between these two groups (central
Dravidian and Austro Asiatic) is documented.15,42 The Indo-European
speakers of North India seem to have diverse ancestral elements. Six
out of the 11 Indo-European-North samples are living in close
proximity with Tibeto-Burmese speakers of the Himalayan ranges
(Tibeto Burmese-North). Hence, there is a small genetic affinity with
them that pulls the Indo-European North away from other Indo-
European speakers.

Y-chromosomal signatures of Indian gene pool
Studies based on uni-parental marker have shown diverse Y-chromo-
somal haplogroups making up the Indian gene pool. Many of these
Y-chromosomal markers show a strong correlation to the linguistic
affiliation of the population.6,8 The genome-wide variation of the
Indian samples in the present study correlated with the linguistic
affiliation of the sample (Supplementary Figure 7). However, Dravi-
dian speakers showed genetic relatedness with Austro-Asiatic and
Indo-European speakers. This could be a result of a shared Southeast
Asian genetic component (Table 1). This relatedness has been earlier
shown with Y-markers as well. The central Dravidian speakers (a
subfamily of Dravidian languages), living amidst the Austro-Asiatic
speakers in East India, share uni-parental markers (Y-haplogroups
H1a-M52 and O2a-M95).15,42 Similarly, Indo-European and Dravi-
dian speakers show genetic relatedness described by sharing of NRY
markers such as R1a1-M17 and H1a-M52.8 This scenario supports the
historical evidences of Indo-European speakers’ entry into South
India.38,43

The disparate Y-chromosomal polygons overlaid on genome-wide
PCA highlighted the effect of male-dominated genetic elements
shaping the Indian gene pool (Supplementary Figure 7). Interestingly,
these NRY markers have earlier been correlated to various languages.
For example, the NRY haplogroup F*-M89 and L1-M27 are present in
higher proportions among Dravidian speakers, and their origin was
proposed to be autochthonous.6,8 The NRY haplogroup O2a-M95 and
O3a3c-M117 are characteristics of Austro-Asiatic and Tibeto-Burmese
speakers of India, respectively.9,14,16,44 The unique genome-wide

Figure 2 Principal component analysis (PCA) of Global and Indian populations based on the GenoChip single-nucleotide polymorphism (SNPs). Legend:
(a) PCA of global samples, and (b) PCA of Indian samples. Each point represents samples and the symbols represent geographical origin of samples.
Cross—Brahmin; square—North India; diamond—South India; star—East India; circle—Northeast India; circle cross—West India; bullet (small grey circle)—
European; grey-filled diamond—African-American; grey-filled solid circle—African; grey colour star '*'—South America; grey colour '+'—East Asian.
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signatures of individuals with deep-rooted NRY haplogroups
F*-M89 and H*-M69, dating back to mid Pleistocene, suggest an
ancient settlement in the subcontinent.6,8,45 On the other hand, lack of
correlation of mtDNA haplogroups may suggest the fluidity of female
gene pools when in a patriarchal and patrilocal society, such as that
of India.

Limitations of the study
We note that the present study involved a limited sample size, but the
disparate genetic clustering and information obtained provides a
snapshot of the large genetic diversity present in India. This pilot
study will aid formulating hypotheses to be tested in larger sample-
sized studies from this region in the future.
In conclusion, the present observations suggest the following four

likely scenarios: (i) the Indian gene pool is primarily composed of
native Indian components; (ii) the genome-wide SNP variation
correlates to both geographical and linguistic variation among the
study populations; (iii) the correlation of non-overlapping deep-
rooted NRY haplogroup polygons to genome-wide SNPs suggests that
male-mediated migratory events primarily shaped the Indian gene
pool; and (iv) the absence of non-overlapping mtDNA haplogroup
polygons over genome-wide SNP variation suggests a shared female
genetic ancestry of India surpassing the geographical and linguistic
barriers. We suggest that ancient male-mediated migratory events and
settlement in various regional niches led to the present day scenario
and peopling of India.
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