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South India during the time of the spread of the Dravid-
ian language. In addition to this, we have identified several 
subsets of autochthonous U7 lineages, including U7a1, 
U7a2b, U7a3, U7a6, U7a7, and U7c, which seem to have 
originated particularly in the higher-ranked caste popula-
tions in relatively recent times (2.6–8.0 kya with an aver-
age of 5.7 kya). These lineages have provided crucial clues 
to the differentiation of the caste system that has occurred 
during the recent past and possibly, this might have been 
influenced by the Indo-Aryan migration. The remaining 
west Eurasian lineages observed in the higher-ranked caste 
groups, like the Brahmins, were found to cluster with pop-
ulations who possibly arrived from west Asia during more 
recent times.

Introduction

In the last two decades, the distribution and extent of 
variation of west Eurasian mitochondrial DNA (mtDNA) 
haplogroups in Indian populations have been evaluated 
quite extensively (Bamshad et  al. 1998; Kivisild et  al. 
1999a, 2003a, b; Basu et al. 2003; Metspalu et al. 2004; 
Palanichamy et  al. 2004; Quintana-Murci et  al. 2004). 
The commonly found west Eurasian-specific mtDNA 
lineages in India come from haplogroups H, V, HV, R0, 
J, T, N1, W, X, and subclusters U1, U2e, U3, U4, U5, 
U7, U9, and K of haplogroup U. Interestingly, the over-
all proportion of west Eurasian haplogroups in India is 
found to be eightfold lower than in Europe (10 versus 
85  %) (Kivisild et  al. 1999a, 2003b; Quintana-Murci 
et  al. 2004). Within India, the frequencies also vary 
widely in the various regions, for example, 40 % in the 
Punjab, 16 % in southern India and 7 % in eastern India 
(Metspalu et al. 2004).
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The spread of west Eurasian haplogroups to the Indian 
mtDNA pool is discussed in only a few studies and it is 
believed to be linked to the spread of agriculture to India 
(Kivisild et  al. 1999a, b, 2000). West Eurasian haplo-
groups are found across India and the data obtained by 
Kivisild et  al. (1999a) suggested that these haplogroups 
may have been spread by the early Neolithic migrations 
of proto-Dravidian farmers spreading from the eastern 
horn of the Fertile Crescent into India. However, other 
studies argue in favor of an Indo-Aryan invasion and 
associated with the introduction of the caste system to 
India (Bamshad et al. 2001). Furthermore, the frequency 
of these haplogroups was found to be specifically higher 
among the upper caste groups of India (Bamshad et  al. 
1998, 2001; Basu et al. 2003). Contradictorily, it has also 
been suggested by many that the process of social strati-
fication was established long before the Indo-Aryan inva-
sion (Chaubey et  al. 2007; Tamang and Thangaraj 2012 
and references therein). Overall, there is no consensus 
on the spread of west Eurasian lineages being linked to 
the spread of agriculture, the proto-Elamo-Dravidian 
language, and the Indo-Aryan migration. Moreover, the 
interpretation of prehistoric (Indo-Aryan migration) 
events as well as phylogenetic network-based time esti-
mation (calculated from the mtDNA hypervariable seg-
ment I region sequence variation) related to the origin 
and spread of west Eurasian haplogroups in India is still 
controversial.

To get a deeper insight into the spread of the west Eura-
sian haplogroups to India and to resolve the conflicting 
views, a comprehensive phylogenetic understanding of 
west Eurasian haplogroups including the subclades that 
show autochthonous development in India is essential. 
Although a previous study examined the complete mtDNA 
variation of west Eurasian haplogroups phylogeny in India 
(Palanichamy et  al. 2004), the putative source population 
of the west Eurasian lineages in the extant Indian mtDNA 
pool was not suggested.

In this study, we have assessed the phylogeographic dis-
tribution of the west Eurasian lineages in Indian popula-
tions and classified them as region-specific subhaplogroups 
through complete mtDNA sequencing. We generated a phy-
logenetic tree based on maximum parsimony of 112 com-
plete mitogenomes (including 41 new sequences) belong-
ing to west Eurasian haplogroups from India. Our results 
were compared with the published data from geographi-
cally and ethnically targeted groups from the Middle East 
and southwest Asia. Furthermore, we have assessed varia-
tions and divergence times of the Indian-specific west Eur-
asian subclades. Finally, we reevaluated various hypotheses 
that have been proposed on the spread of the west Eurasian 
haplogroups in India.

Materials and methods

Sampling and preliminary screening of west Eurasian 
haplogroups

To identify the west Eurasian maternal ancestry, we exam-
ined 4208 unrelated individuals from the Indian subcon-
tinent. All the DNA samples analyzed in this study were 
derived from the blood samples collected during 2001–
2004. The authors obtained written informed consent 
from the volunteers or community leaders after explain-
ing the collection procedures and purpose of the study in 
local languages. The institutional Ethical Committees of 
North Bengal University, Sanjay Gandhi Institute of Medi-
cal Sciences and the Yunnan University approved the pro-
tocol and ethical clearance of the study. The hypervariable 
segment of the mtDNA control region (HVS-I and HVS-
II) was amplified and sequenced from nucleotide position 
16,001 to 16,497 (HVS-I) and from 29 to 408 (HVS-II) 
of all the studied individuals. We identified 422 mtDNAs 
(42 sequences reproduced from our previous study) rep-
resenting west Eurasian haplogroups based on HVS-I and 
HVS-II variable sites and some diagnostic coding region 
variants. In addition, 757 mtDNAs belonging to different 
west Eurasian haplogroups were identified from published 
Indian mtDNA dataset comprising 9990 sequences (see 
Supporting Information Table S1 and S2).

Complete mtDNA sequencing

To deconstruct the clustering of the west Eurasian mtDNA 
lineage into Indian-specific subfounders, 41 west Eura-
sian lineages were completely sequenced. We obtained 
the complete mtDNA sequences by following the methods 
described previously (Palanichamy et  al. 2004). Sequenc-
ing was performed using 3730 Genetic Analyzer (Applied 
Biosystems), and the sequences were checked using SeqS-
cape (v. 2.5-Applied Biosystems) and DNASTAR soft-
ware (DNASTAR, Inc., Madison, USA). Mutations were 
scored by comparing the sequences with the revised Cam-
bridge reference sequence (rCRS) (Andrews et  al. 1999). 
The complete mtDNA sequences reported in this paper 
have been deposited in GenBank under accession numbers 
GU213243-GU213254, GU327373, KP763831-KP763851 
(http://www.ncbi.nlm.nih.gov/Genbank/index.html).

Phylogenetic analysis and molecular dating

The phylogenetic relationships of the complete mtDNA 
sequences were established using the reduced median net-
work algorithm (http://www.fluxus-engineering.com) and 
the tree was checked manually to resolve homoplasies. To 
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differentiate the Indian-specific subclades, we assembled 
the published mitochondrial genomes from west Eura-
sia and compared them to the Indian mtDNA sequences. 
The coalescent times for the Indian-specific west Eurasian 
subclades were estimated with rho-statistics (ρ) (mean 
divergence inferred from ancestral haplotype) (Forster 
et  al. 2001), and standard errors (σ) were calculated fol-
lowing the method of Saillard et al. (2000). The calculator 
provided by Soares et  al. (2009) was used to convert the 
ρ-statistics and its error ranges to age estimates with 95 % 
confidence intervals.

Results

The distributions of the west Eurasian haplogroups in the 
Indian populations are shown in supplementary table S3. 
About 16 % of west Eurasian mtDNAs in India belong to 
haplogroup H and its subclades of H1, H2, H3, H5, H6, 
H7, H9, H13, H14, H15, and H103, of which haplogroups 
H2, H9, and H13 together with unclassified H* account for 
12.6 % of H haplogroup variation in India. The H haplo-
group is comparatively more frequent in the north (5.2 %) 
and the south (7.6  %) than in the west (1.7  %) and east 
(1.5  %) Indian populations. The haplogroups HV, JT, U 
(xU2a, U2b, and U2c), and W lineages have frequencies 
about 12.6, 12.7, 38.6, and 8.7 %, respectively, in the west 
Eurasian control region database of Indian populations 
(Supplementary table S3).

The phylogeny of west Eurasian mitogenomes in India

We have sequenced two H2 haplogroup complete mtDNA 
genomes, one each from the Tamil Nadu and Uttar Pradesh 
populations, and compared them with the published com-
plete sequences. It was found that these two lineages 
belong to subclades H2a1 and H2b. A previous study has 
reported H2a1 lineages only in south Indian populations, 
whereas its derived single H2a1a haplogroup has been 
reported in north Indian populations (Metspalu et al. 2004). 
About half of the H2b haplogroups were found in higher-
caste Brahmins and Indian Muslims. Our whole-genome 
H2a1 and H2b sequence analyses suggest that these hap-
logroups possibly share common ancestry with Pakistani, 
Iraqi, Armenian, and Siberian populations (Achilli et  al. 
2004; Hartmann et  al. 2009; Derenko et  al. 2013, 2014). 
We also observed four H3g sequences—two from south 
Indian (Tamil Nadu) and two from north Indian (Uttar 
Pradesh) populations. One H3g mitogenome from a north 
Indian individual was sequenced completely and it was 
found that this sequence clusters phylogenetically with the 
European Caucasian samples (Coble et  al. 2004) (supple-
mentary fig. 1).

The H5a1 lineages of H5 subclade have been observed 
mostly in the higher-caste Brahmin populations of north-
ern India (Punjab and Uttar Pradesh). However, a single 
mtDNA variation that belongs to H5a1 haplogroup was 
reported previously in a Brahmin population of Maha-
rashtra (Gaikwad and Kashyap 2005). Complete mtDNA 
genome sequence of the H5a1 lineage of north Indian 
Brahmins shows clustering with the Pakistan, Caucasus, 
Iran, Italy, and central Asian groups (Mishmar et al. 2003; 
Derenko et al. 2013). In addition to this, three H6a1a hap-
lotypes were reported from south Indian (Karnataka) Mus-
lims and Lingayat populations (Rajkumar and Kashyap 
2003). In this study, two H7b lineages were detected in 
Brahmin population from north India (Uttar Pradesh). 
Interestingly, comparison of these complete genome 
sequences with the published data shows that Indian H7b 
sequences share an ancestry with Pakistani and Siberian 
populations (Derenko et al. 2014). The lineages of the H9 
haplogroup was found to be more common in Brahmin 
individuals from the north (Uttar Pradesh) and the west 
(Maharashtra) India (Gaikwad and Kashyap 2005); they 
were also reported in other caste groups from West Ben-
gal and Gujarat (Metspalu et al. 2004). Complete genome 
sequencing of H9 lineages has led to the identification of 
a distinct subclade, named herein as H9b (supplementary 
fig. 1).

The H13 haplogroup carrying individuals from India 
(Uttar Pradesh, Tamil Nadu, and Andhra Pradesh) represent 
mainly the H13a1a and H13a2a subclades. Amongst these, 
the H13a1a lineage has predominantly been found only in 
the Uttar Pradesh Brahmin (Bhargava and Chauturvedi) 
populations, which is likely to be the result of founder 
effects. The Indian H13a1a lineage is shown to share an 
ancestry with the populations from Europe, the Caucasus 
and the Near East (Achilli et al. 2004; Coble et al. 2004), 
whereas the ancestry of H13a2a is shared exclusively by 
the Pakistani and the Near Eastern (Iran and Iraq) popu-
lations (Derenko et  al. 2013) (Fig.  1a). The haplogroup 
H14 is uncommon in Europe but found mostly in the Near 
East and the Caucasus (Richards et al. 2000; Nasidze and 
Stoneking 2001; Roostalu et  al. 2007; Al-Zahery et  al. 
2011) and so far only two subclades—H14a and H14b have 
been identified. However, based on new complete sequence 
analysis we identified an additional subclade, H14c, which 
has not been reported earlier (Fig. 1a). H14a and H14c lin-
eages were found in Punjab, Uttar Pradesh, West Bengal, 
and Andhra Pradesh, whereas a single H14b2 haplotype 
was reported from Pakistan (GenBank KJ446337). H15 is a 
very rare subclade, distributed from Western Europe to the 
Middle East and from Central Asia to India (Derenko et al. 
2013). H15a1a1 haplotype was observed only in a Chatur-
vedi Brahmin population from north India (Uttar Pradesh), 
while H15a1b haplotype was found in a Parsi population 
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from Maharashtra. The complete mtDNA genome 
sequence from a south Indian individual sharing a coding 
region mutation (15439) with a Persian mitogenome helped 
in defining a new haplogroup, H103 (Derenko et al. 2013) 
(supplementary fig.  1), which has been observed only in 
populations from south India (Tamil Nadu, Kerala, and 
Andhra Pradesh).

The updated classification of HV reveals 17 subhaplo-
groups within this clade (Phylotree.org, build 16, February 
19, 2014; van Oven and Kayser 2009). In our studied popu-
lations, the presence of the previously proposed subhaplo-
groups of HV-HV2, HV6, HV12, and HV14 was observed. 
In addition, we identified five unassigned paraphyletic HV 
lineages in the Indian samples (Fig. 1a). HV2 lineages have 
been observed mainly in higher-caste Brahmin, Parsi and 
Muslim populations from northern as well as southern 

India. A single HV2 lineage has also been reported in the 
lower schedule caste group from north India (supplemen-
tary table S1). Complete sequence analysis of the Indian 
HV2a2 lineage suggests its shared ancestry with the popu-
lations of Iran (Derenko et  al. 2013). In India, HV6 line-
ages were observed mainly in the populations from south 
India (Tamil Nadu and Karnataka—Muslim population, 
and Andhra Pradesh—Pokanati Reddy population) and 
a single haplotype was observed in north India (Uttar 
Pradesh—Brahmin population). The Indian HV6 complete 
sequence with a substitution at position 3360, formed a 
distinct subclade named herein as HV6b, shows similarity 
with Russian and Iranian populations (Malyarchuk et  al. 
2008; Behar et al. 2012) (supplementary fig. 1).

Haplogroup HV12 has largely been characterized by 
complete genome sequencing of the populations from Iran, 
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Fig. 1   Maximum parsimony tree of entire mtDNA genomes belong-
ing to west Eurasian haplogroups. a Haplogroups H and HV. b Hap-
logroups U1a and U7. Mutations are scored relative to the revised 
Cambridge reference sequence (rCRS) (Andrews et al. 1999) and dis-
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Armenia, and Turkey (Derenko et al. 2013). The subclades 
of HV12—HV12a and HV12b have been reported in the 
Near Eastern populations (Nasidze et  al. 2004; Al-Zahery 
et al. 2011; Terreros et al. 2011). Whereas, in India only the 
lineages of subclade HV12b such as subgroups HV12b1 
and HV12b1a were observed. Of these, subhaplogroup 
HV12b1a shares a deep ancestry with the Near Eastern 
(Iran and Armenia) populations (Schönberg et  al. 2011; 
Derenko et al. 2013, 2014). The moderately high frequency 
(5 %) of HV14 lineages was found only in samples from 
south India (Tamil Nadu, Karnataka, and Andhra Pradesh) 
and adjoining areas of Sri Lanka (Ranaweera et al. 2014), 
however, these are either absent or negligibly present in 
other places like Maharashtra, Odisha, West Bengal and 
Uttar Pradesh (supplementary table S1). We completely 
sequenced a single Indian HV14 haplotype and compared 
it with our previously published south Indian sequences, 
and it helped us to define a new Indian-specific subclade, 
HV14a1 (Palanichamy et al. 2004). Nevertheless, a mem-
ber of haplogroup HV14 was recently reported in Persian 
population from Iran (Derenko et al. 2013) (Fig. 1a).

The near eastern origin R0 haplogroup-derived R0a 
and R0a2 lineages were proposed based on their presence 
in the Arabian Peninsula, Iran, Iraq, Kuwait and Paki-
stan (Quintana-Murci et al. 2004; Abu-Amero et al. 2008; 
Rakha et  al. 2011; Al-Zahery et  al. 2011; Scheible et  al. 
2011), whereas in India, only R0a2 has been found mostly 
in Muslim communities from Gujarat and Tamil Nadu, and 
generally absent or rare in non-Muslim Indian populations. 
Surprisingly, we have detected the R0a2 lineages in Brah-
min populations from northern India—Uttar Pradesh (sup-
plementary table S1) which clustered phylogenetically with 
Iranian and Somalian samples (Cerný et al. 2011; Derenko 
et al. 2013). We detected eight lineages of haplogroup V in 
north Indian (Uttar Pradesh) Brahmin population and all 
were found to carry similar haplotypes, suggesting a pos-
sible founder event in recent times. The Indian V lineage 
shared an ancestry with the Caucasian individuals (Coble 
et  al. 2004; Palanichamy et  al. 2004) (supplementary 
fig. 1).

Haplogroup J makes up around 5.3  % of west Eura-
sian mtDNA in India. Subhaplogroup J1b and its derived 
J1b1a1, J1b1b, and J1b3 subclades encompass  ~65  % of 
the total J lineages. In India, however, the J haplogroup is 
widely distributed and found predominantly in southern 
(Andhra Pradesh) and northern (Punjab and Uttar Pradesh) 
populations. The much rarer J2 lineages were found only 
once in the Punjab and Ladakh regions, respectively (sup-
plementary table S1). Indian J1b1a1, J1c1b1a, J1c5, and 
J1c8 lineages are phylogenetically clustered with Paki-
stanis, Europeans and central Asians, whereas J1b1b and 
J1d4 lineages were found to cluster with the Near Eastern-
ers (Palanichamy et al. 2004; Pala et al. 2012). In addition, 

Indian J1b3- and J1d3b-related haplotypes were found in 
the Pakistan and Iran populations (Derenko et  al. 2013) 
(supplementary fig. 2).

Haplogroup T makes up around 7.4 % of west Eurasian 
mtDNAs in India. Approximately, 75 % of Indian samples 
having T haplogroup represent T1, T1a1 and T2 subhaplo-
groups. Similar to the J haplogroup distribution in India, T 
lineages were also found more often in the populations of 
Andhra Pradesh, Tamil Nadu, Uttar Pradesh, Punjab, and 
Maharashtra, and about two-third of the lineages (45/88) 
were found in Indian Muslims and Brahmins (supplemen-
tary table S1). Indian T1- and T2-derived lineages—T1a, 
T1a1, T1a5, T1a1b1, T1b, T2, T2a1a, T2b2, T2c2, T2d1a, 
and T2e2 tend to cluster mainly with the Near Eastern pop-
ulations particularly from Iran, Iraq, and Azerbaijan, and 
some even extend to Europeans (Palanichamy et al. 2004; 
Pala et al. 2012) (supplementary fig. 2).

Almost 40 % of the mtDNAs types found in India fall 
into west Eurasian haplogroup U, predominantly subhap-
logroups U1a, U2e, U3–U5, U7, and U9. Of these, U7 
type attained the highest frequency (20  %), followed by 
U1a (8 %), U2e (4.2 %), and U5 (3.7 %). In India, U1a-
derived—U1a1a4, U1a1c1, U1a1c4, U1a2, and U1a3 lin-
eages have been reported. Amongst these, U1a1a4 and 
U1a1c4 encompass 80 % of U1a lineages found in southern 
India (supplementary table S1). U1a lineage was observed 
to have a relatively high frequency in the Koragas popu-
lation (22/28) with low HVS-I diversity (only two haplo-
types), indicating the result of genetic drift that might have 
occurred in this population (Cordaux et al. 2003). The fully 
sequenced Koragas U1a mtDNAs (Ingman and Gyllensten 
2003) together with our new sequence defined a new sub-
clade—U1a1a4. This subclade appears to be unique, being 
found only in the Indian populations. Indian U1a1c4 line-
ages phylogenetically cluster with the Pakistani and Near 
Eastern (Iran) populations (Palanichamy et  al. 2004; Der-
enko et  al. 2013). U1a2 has been noted in the Jews from 
Cochin and it shares an ancestry with the Azerbaijan popu-
lation (Schönberg et al. 2011) (Fig. 1b).

In the literature, there is relatively a little information 
about the U2e mtDNA haplogroup. This haplogroup has a 
low frequency in Central Asia, Europe, and the Near East-
ern region (Macaulay et  al. 1999; Richards et  al. 2000; 
Quintana-Murci et  al. 2004; Nasidze et  al. 2004; Comas 
et al. 2004; Al-Zahery et al. 2003; Abu-Amero et al. 2008; 
Derenko et  al. 2014). In India, U2e and its derived sub-
haplogroups—U2e1, U2e1a1, U2e1b, and U2e3 have been 
found to have relatively higher frequencies in the popula-
tions of Andhra Pradesh and Uttar Pradesh. We observed 
that some of the Indian U2e mitogenomes (mostly from 
south India) differ from both the European and Near 
East U2e counterpart, and may represent a paraphyletic 
lineage within U2e. Subclade U2e1 lineage though was 
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detected in north India (Uttar Pradesh and Punjab), its 
related haplotypes were also found in Pakistan and the 
Caucasus (Macaulay et  al. 1999; Quintana-Murci et  al. 
2004). Indian U2e1a1 and U2e1b mitogenomes cluster 
with central Asian and Eastern Europeans (Palanichamy 
et  al. 2004; Derenko et  al. 2013, 2014) (supplementary 
fig. 3). We identified U2e3 lineages in north Indian (Uttar 
Pradesh) Brahmins. It shares mutations (nucleotide posi-
tion 16,400 and a retro mutation 217) with the Italian lin-
eage, and this has helped to define a new U2e3b subclade. 
Besides Uttar Pradesh Brahmins, U2e3 was also reported 
in Punjab Brahmin and Ladakh Muslim populations (sup-
plementary table S1).

The frequencies of lineages of haplogroups U3, U4 and 
U9 were found to be low in Indian populations (Supple-
mentary Table S1). The rare U9 lineages were noticed, three 
in Tamil Nadu and one each from Andhra Pradesh, Uttar 
Pradesh and Maharashtra. We sequenced two U9 complete 
mtDNA genomes—one from Tamil Nadu and the other one 
from Uttar Pradesh. The sample obtained from Tamil Nadu 
shares several mutations with the previously reported U9a1 
lineage from Andhra Pradesh, and this subclade lineage 
has so far only been reported in south Indian populations. 
The U9 sequence obtained from north India (Uttar Pradesh) 
clustered with the Pakistan-specific subclade U9b1 (Fig. 2). 
Haplogroup U5 comprises two major phylogenetic clusters, 
U5a and U5b (Malyarchuk et al. 2010). In India, only the 
eastern European-specific U5a1-derived lineages (Richards 
et al. 2000) such as U5a1a1, U5a1b, U5a1b1, and U5a1b1f 
were observed mostly in populations from Andhra Pradesh, 
Tamil Nadu, Uttar Pradesh and Punjab (Supplementary 
Table S1).

Haplogroup U7 is a typical Near Eastern and Indian 
haplogroup. Derenko et  al. (2013) recently built a maxi-
mum parsimony tree and revealed three subclusters—U7a, 
U7b, and U7c. Surprisingly, when Indian U7 sequences 
were examined and compared with the published Eura-
sian mtDNAs, we observed seven India-specific subclades, 
viz., U7a2b, U7a3a2, U7a3a3, U7a3b1, U7a6, U7a7, and 
U7c (Fig.  1b), of which four (U7a2b, U7a3a3, U7a6 and 
U7a7) are newly identified subhaplogroups in the present 
study. We have designated the previously defined U7a3a2 
as U7a3a2a and U7a3b1 as U7a3b1a. The majority of 
U7 clades present in Indian populations are U7a, U7a1a, 
U7a3 lineages and they have a widespread distribution in 
India (supplementary table S1). Interestingly, the U7a1a, 
U7a3a2, U7a3a3 and U7a3b1a sequences observed in 
Brahmin and Muslim populations of India were found to 
cluster exclusively with the Pakistani and Iran-Persian sam-
ples (Derenko et  al. 2013) (Fig.  1b). The remaining U7 
subhaplogroups—U7a2, U7a4, U7a6, and U7a7 are less 
frequent and apparently have a scattered distribution across 
India (supplementary table S1).

A single R1a1a lineage found in the Uttar Pradesh Brah-
min population clustered with the Near Eastern and central 
Asian populations (Malyarchuk et al. 2008; Fedorova et al. 
2013). A relatively rare subclade R1b, identified recently 
from the Russian population, was detected in a Tamil 
Nadu sample. The complete sequence analysis indicates 
that this sample shares ancestry with a West Bengal sam-
ple and clustered with Armenia and Finland R1b1 mtDNAs 
samples (Fedorova et  al. 2013) (supplementary fig. S4). 
The R2 haplogroup, which originated in the Near East, 
was observed in India too, mainly in north Indian popula-
tions. Based on the R2 haplogroup phylogeny (Al-Abri 
et al. 2012; Derenko et al. 2013), the Indian lineages were 
assigned to different subclades—viz., R2a, R2a4 and R2c1. 
In addition, we noticed that Indian R2a4 and R2c1 lineages 
specifically clustered with the Pakistan and Iran sequences 
(Derenko et al. 2013) (supplementary fig. S4).

In India, though W haplogroup has a wide distribu-
tion in the populations of northern and southern India, it 
is found rarely in east Indians. Subhaplogroups of W such 
as W1c, W1g, W3, W3a1, W3a1b, W3a2, W4, W4a, and 
W6 were observed in Indian populations (supplementary 
table S1). W1c lineages were observed in Brahmin popu-
lations of Uttar Pradesh and Tamil Nadu Muslims and 
this lineage clustered with the Near East-Iranian samples 
(Olivieri et al. 2013; Derenko et al. 2013) (supplementary 
fig. S5). W3a1 and W3a1b lineages are sparsely distributed 
in India. Notably, W3a1b lineages are found specifically 
in India and Pakistan (Quintana-Murci et al. 2004; Rakha 
et  al. 2011). Subclade W3a2 is very rare and only three 
complete sequences have been reported so far (Olivieri 
et  al. 2013). In India, we found a single W3a2 lineage 
from the Uttar Pradesh Brahmin population, and com-
plete sequence analysis confirmed the phylogenetic status 
of this lineage (supplementary fig. S5). Subclades W4 and 
W6 have been reported from Europe, the Near East, and 
the Caucasus (Richards et  al. 2000; Nasidze and Stonek-
ing 2001; Nasidze et al. 2004, 2006; Quintana-Murci et al. 
2004; Abu-Amero et al. 2008; Al-Zahery et al. 2011; Ter-
reros et  al. 2011; Olivieri et  al. 2013). The W4 lineages 
have been detected in western (Gujarat), northern (Punjab, 
Delhi, Uttar Pradesh, and Himachal Pradesh), and eastern 
(Odisha) parts of India, but are absent in southern India 
(supplementary table S1). A total of eight W6 sequences 
were observed in India (five subjects from Andhra Pradesh 
and one each from Tamil Nadu, Gujarat and Punjab). We 
sequenced two W6 mitogenomes, one from Tamil Nadu 
and the other one from Andhra Pradesh, and found that 
these lineages differed from the already known W6 sub-
clades (i.e., W6a–W6d) (Derenko et  al. 2014), hence we 
assigned a new subclade, W6e (supplementary fig. S5).

The N1a1a haplotypes were detected in the Havik 
(Karnataka) and Iranian (Maharashtra) populations. It is 
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noteworthy that closely related haplotypes were found in 
the populations from the Caucasus, Turkey and Iran (Palan-
ichamy et al. 2010). We observed one N1a1a1 sequence in 
Tamil Nadu and two in West Bengal and these clustered 
within the Near East/European subclade N1a1a1a1 (Palani-
chamy et  al. 2010). N1a1b1 sister clade-I haplogroup 
and its subhaplogroups I1, I1b, I4a1, and I4b have been 
observed in our studied samples, but with less frequencies 
(~1 %). We observed the extremely rare N1a1b1a lineage 
in one Uttar Pradesh sample and two in Tamil Nadu, and 

one N1a1b1a1 lineage from Uttar Pradesh sample. Our 
complete sequence analysis indicates that these samples 
clustered with Dubai, Iran, and Pakistan samples (Fer-
nandes et  al. 2012; Olivieri et  al. 2013) (supplementary 
fig. S6). In addition, we noticed that the Siberian N1a1b1 
lineage shares six variants with the Pakistan sample and 
forms a new subclade N1a1b1b (Derenko et al. 2014; Gen-
Bank KJ446053). Haplogroup N1a2 is sparsely distrib-
uted in south (one in Tamil Nadu, Two in Kerala, and six 
in Andhra Pradesh) and north Indian (one each in Delhi 
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and Punjab) populations (Supplementary Table S1). It 
has also been reported in Pakistan (GenBank KJ446070) 
(Fig.  2), Iran and Turkey (Richards et  al. 2000; Nasidze 
et al. 2006). N1a2 is primarily confined to India and Paki-
stan. Members of haplogroup N1a3 were observed in three 
individuals from south India (Tamil Nadu and Karnataka). 
We completely sequenced one N1a3 mtDNA sample origi-
nating from Tamil Nadu, which shares reverse substitution 
in HVS-I (16265) with the Dubai mitogenome (Fernandes 
et al. 2012) (Fig. 2).

Apart from complete sequence phylogeny, we noticed 
that the matches of Indian H2a1, H2a1a, H2b, H5a1, 
H6a1a, H7b, H9, H14a, H15a1a1, HV6, HV12b1, 
HV12b1a, U3, U4, and U5 mtDNA HVS-I haplotypes were 
found in the populations of the Caucasus, Armenia, Anato-
lia, Turkey, Iran, Iraq, Georgia, Jordan, Syria, Arabia Pen-
insula, Kuwait, Pakistan, central Asia, Tajikistan, Uzbeki-
stan, Siberia, Slovaks, and Russia (Comas et al. 1998, 2000, 
2004; Macaulay et al. 1999; Richards et al. 2000; Nasidze 
and Stoneking 2001; Loogväli et  al. 2004; Nasidze et  al. 
2004; Quintana-Murci et  al. 2004; Roostalu et  al. 2007; 
Abu-Amero et  al. 2008; Malyarchuk et  al. 2008; Nasidze 
et al. 2008; Rakha et al. 2011; Al-Zahery et al. 2011; Ter-
reros et al. 2011; Derenko et al. 2013).

Dating the Indian‑specific west Eurasian subclades

Coalescence times for the Indian-specific west Eurasian 
subclades—H13a2a, H14c, HV14a1, J1b1a1, U1a1a4, 

U7a1a, U7a3a3, U7a6, U7a7, U7c, U9a1 and N1a2 were 
estimated (Table  1). The subclades—H14c, U1a1a4, 
U7a1a, U7a3a3, U7a6, U7a7 and N1a2 showed a broad 
range of standard errors, possibly due to their calcula-
tion from the data of only a few complete sequences. The 
addition of new complete mtDNA sequences to these sub-
clades might provide more reliable time estimates. In this 
study, very few H14c, U1a1a4 and N1a2 haplotypes were 
detected and therefore, we were unable to add new com-
plete mtDNA sequences to these subclades. However, the 
date of 5.7 kya determined by considering all the Indian-
specific U7 subclades can be accepted as a reliable time 
estimate.

Discussion

The Elamite and Dravidic linguistic connection and its 
spread into south India

The autochthonous subhaplogroups—HV14a1 and U1a1a4 
uniquely found in contemporary Dravidian speakers share 
their ancestry primarily with the Near East-Iran populations 
(Derenko et  al. 2013). The coalescence times of HV14a1 
and U1a1a4 were estimated to be ~10.5–17.9  kya. The 
shared ancestry of the Dravidian of South India and Iranian 
of Near East populations has been shown in the HV14 and 
U1a1 phylogeny (Fig. 1a) and their time estimates are con-
sistent with the proto-Elamo-Dravidian language diffusion 

Table 1   Estimated ages (years) for different subclades of West Eurasian haplogroups in India

a  Mutation rate of Mishmar et al. (2003)
b  Mutation rate of Perego et al. (2009)
c  Mutation rate of Kivisild et al. (2006)
d  Mutation rate of Soares et al. (2009)
e  Mutation rate of Loogväli et al. (2009)

Clade No of mtDNAs Coding region-based substitutions Only synonymous transitions

Agea Ageb Ageb Agec Aged Agee

H13a2a 6 7700 ± 3900 6900 ± 3500 7650 ± 5400 6800 ± 4800 7900 ± 5600 8000 ± 5600

H14c 2 10,300 ± 5100 9200 ± 4600 NA NA NA NA

HV14a1 3 11,900 ± 5100 10,800 ± 4600 10,200 ± 6200 9000 ± 5500 10,500 ± 6400 10,650 ± 6500

J1b1a1 5 4100 ± 2100 3700 ± 1800 3100 ± 2200 2700 ± 1900 3100 ± 2200 3200 ± 2300

U1a1a4 2 17,900 ± 6800 16,100 ± 6,100 15,300 ± 7600 13,500 ± 6700 15,700 ± 7800 16,000 ± 8000

U7a1a 2 2600 ± 2500 2300 ± 2200 3800 ± 3700 3400 ± 3300 3900 ± 3800 4000 ± 3900

U7a3a3 2 2600 ± 2500 2300 ± 2200 3800 ± 3700 3400 ± 3300 3900 ± 3800 4000 ± 3900

U7a6 2 10,300 ± 5100 9200 ± 4600 7650 ± 5400 6800 ± 4800 7900 ± 5600 8000 ± 5600

U7a7 2 7700 ± 4400 6900 ± 4000 7650 ± 5400 6800 ± 4800 7900 ± 5600 8000 ± 5600

U7c 3 6900 ± 3400 6100 ± 3100 7650 ± 4400 6800 ± 3900 7900 ± 4500 8000 ± 4600

U9a1 3 11,900 ± 5100 10,800 ± 4600 7650 ± 4400 6800 ± 3900 7900 ± 4500 8000 ± 4600

N1a2 2 15,400 ± 6300 13,800 ± 5600 15,300 ± 7600 13,500 ± 6700 15,700 ± 7800 16,000 ± 8000
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hypothesis which emphasized that the proto-Dravidian 
language evolved over 15 kya, specifically in western Asia 
before the beginning of agricultural development ~11 kya. 
This language was introduced by Neolithic pastoralists, and 
was thought to be associated with the spread of these west 
Eurasian-specific mtDNAs to peninsular India (Pagel et al. 
2013). The Y-chromosome haplogroup L1a has added a 
further dimension to this hypothesis. The subclades of hap-
logroup L such as L1a, L1b, and L1c were found predomi-
nantly in Iranian populations of western Asia (Grugni et al. 
2012). In India, only the L1a lineage was observed and was 
largely restricted to the Dravidian-speaking populations 
of south India (Sahoo et  al. 2006; Sengupta et  al. 2006). 
The coalescence time (~9.1 kya) (Sengupta et al. 2006) and 
the virtual absence in Indo-Aryan speakers in north indi-
cate that the L1a lineage arrived from western Asia during 
the Neolithic period and perhaps was associated with the 
spread of the Dravidian language to India. These results 
emphasized that the Dravidian language originated outside 
India and may have been introduced by pastoralists coming 
from western Asia (Iran).

The origins of the Indian caste system

The most frequent west Eurasian haplogroup in India is 
U7 (~20  %). This haplogroup is thought to have origi-
nated about 16–22 kya in west Asia–Iran (Derenko et  al. 
2013). Haplogroup U7 comprises several sublineages, 
which are found frequently in India, Iran and the Near East 
(Kivisild et al. 1999a; Metspalu et al. 2004; Palanichamy 
et al. 2004; Derenko et al. 2013). Nevertheless, subsets of 
U7 lineages (i.e., U7a1, U7a2b, U7a3a2, U7a3a3, U7a3b1, 
U7a6, U7a7, and U7c) have been identified in Indian 
individuals. The age of these autochthonous U7 subhap-
logroups coalesce at a recent time, ranging from 2.6 to 
8.0 kya with an average of 5.7 kya (95 % CI 2.9–8.5), sug-
gesting that the spread of these subhaplogroups might be 
associated with the arrival of Indo-Aryan speakers from 
west Asia. Moreover, the high frequencies of U7 lineages 
in the higher-ranked Brahmin and religious Muslims and 
their rarity in lower-ranked caste and tribal groups are 
consistent with the hypothesis that Indo-Aryan speakers 
were perhaps responsible for the social stratification and 
the attaining of a higher-ranked caste status. Further sup-
port for this notion has been derived from the Y-chromo-
some haplogroup J2 distribution, which closely matches 
the distribution pattern of mtDNA haplogroup U7 in India. 
Interestingly, J2 lineages were found to be are frequent 
in the higher-ranked caste/Muslims and absent or negli-
gibly present in the lower caste and tribal groups. Taken 
together, our findings support the hypothesis that the social 
stratification was generated by the Indo-Aryan speaking 
immigrants.

The subclades of other west Eurasian H (H2, H3, H5, 
H6, H7, H9, H13, H14 and H15), HV (HV2 and HV6), R0 
(R0a2), V (V2a), N1 (N1a1a), W (W1, W3 and W4), and R 
(R2) lineages were observed frequently among the higher-
ranked caste, such as in Brahmin populations, irrespective 
of their geographic origins. As inferred from the phylogeny, 
these lineages were more diverse in west Asia, and these 
west Eurasian lineages in Indian populations were found to 
cluster with the populations from the Near East, the Cau-
casus, and central Asia (Macaulay et  al. 1999; Richards 
et al. 2000; Comas et al. 2000, 2004; Nasidze and Stonek-
ing 2001; Nasidze et al. 2004, 2006; Quintana-Murci et al. 
2004; Abu-Amero et al. 2008; Al-Zahery et al. 2011; Ter-
reros et al. 2011; Scheible et al. 2011). Unfortunately, the 
arrival dates for these lineages could not be detected due 
to the absence of Indian-specific subclades. However, the 
presence of these lineages lends further support toward the 
contribution of Aryan speakers in establishing culture and 
stratifying the caste rank in the pre-existing Indian popula-
tions. The presence of other west Eurasian subclades—JT, 
K, and I in tribal, caste, and religious Muslim populations 
suggest that their spread in India took place in more recent 
times, perhaps through the invasions by the Moghuls, Mus-
lims, English, and other groups.

Conclusion

The present study deconstructs the clustering of west Eura-
sian mtDNA lineages into Indian-specific subfounders and 
resolves the competing hypotheses that describe the Indo-
Aryan migration, the spread of the Dravidian language, and 
the origins of the caste system. The presence of mtDNA 
haplogroups (HV14 and U1a) and Y-chromosome haplo-
group (L1) in Dravidian populations indicates the spread 
of the Dravidian language into India from west Asia (Sen-
gupta et al. 2006; Sahoo et al. 2006; Derenko et al. 2014). 
However, this claim should not be considered exclusively 
to establish the fact that Dravidian populations of India 
originated in west Asia and then migrated to south India 
(Sengupta et al. 2006). The co-presence of these west Eura-
sian mtDNA and Y-chromosome haplogroups in Dravidian-
speaking tribal and caste groups in South India suggest that 
their spread is not associated with the Indo-Aryan migra-
tion (Arunkumar et  al. 2012). A large proportion of the 
west Eurasian mtDNA haplogroups observed among the 
higher-ranked caste groups, their phylogenetic affinity and 
age estimate indicate recent Indo-Aryan migration to India 
from west Asia. The Indian–west Eurasian lineage diversity 
and frequency are highest in higher-ranked caste, imply-
ing that the west Eurasian admixture was restricted to caste 
rank. It is likely that Indo-Aryan migration has influenced 
the social stratification in the pre-existing populations and 
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helped in building the Hindu caste system, but it should not 
be inferred that the contemporary Indian caste groups have 
directly descended from Indo-Aryan immigrants (Cord-
aux et al. 2004). Thus, our comprehensive analyses of the 
west Eurasian mtDNA in Indian populations suggest that 
the Dravidian language was introduced to India from west 
Asia, and perhaps the caste system was influenced by the 
Indo-Aryan immigrants.
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