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THE GENOME-WIDE ANALYSIS OF THE BHILS:
THE SECOND LARGEST TRIBAL POPULATION OF INDIA

Gyaneshwer Chaubey, Periyasamy Govindaraj, Niraj Rai, George van Driem and
Kumarasamy Thangaraj

The name of the Bhil population was mentioned in early literature of the Subcontinent, which
suggests their presence in India since prehistoric times. Studies based on classical and genetic
markers suggest a unique identity of the Bhil, who currently live in western and central Indian
states. Our previous studies on two Bhil groups living in central and western Indian regions
drew different conclusions on their origin. However, the first study on the Bhil of central India
was based on haploid DNA and a few autosomal markers, whereas the second study on the
western Bhil explored large number of autosomal SNPs. Therefore, in this study we have
reconnoitered the inter-population and intra-population relationships of Bhil groups at four
different geographical locations by using >95,000 autosomal SNPs. A combination of
statistical analysis revealed that all Bhil populations are likely to have had a common source
sharing a pan-Bhil ancestry. This common ancestry is clearly seen amongst the Bhil of Gujarat
who turned out to show the lowest degree of admixture with their neighbours, whereas the Bhil
of Rajasthan showed the highest diversity with extensive admixture with the surrounding
populations. Both inter-population and intra-population comparison suggest a shared Bhil
genome followed by chunks sharing with the Nihali population, a language community
speaking a so-called language isolate.

Introduction

The classical division and endogamy of Indian society, both for caste and tribal
populations, has undoubtedly played a major role in shaping the genetic
landscape of the Subcontinent (Chaubey et al. 2007). Though each and every
caste and tribe population of the Subcontinent is unique, a few tribal and caste
populations stand out clearly either in terms of their cultural manifestation or
phenotypical appearance and genetic make-up (Thangaraj et al. 2006; Chaubey
et al. 2008, 2010, 2014; Sharma et al. 2012). The Bhil are one such group which
show considerable divergence from the neighbouring clusters in classical and
modern DNA studies (Bhatia and Rao 1986; Singh 1997; Maheshwari et al.
1986; Lim et al. 2012).

The Bhil are the second largest tribal population of India, only the Gond
being more numerous. The Bhil are the largest tribal population of the Rajasthan-
Guijarat region and the second largest in the Maharashtra-Madhya Pradesh region
(Singh 1997). The Bhil are mentioned in the Naradapurana, Ramdayana and
Mahabharata (Ramadas 1925; Govind et al. 1961; Sharma and Tulasidasa 1967;
Vidyarthi and Rai 1977). It has been suggested that the ethnonym Bhil is derived
from Dravidian vil ‘bow’, a hunting accoutrement widely used by the tribes
(Maheshwari et al. 1986). The Bhil make up various language communities
dispersed across the states of Maharashtra, Gujarat, Madhya Pradesh and
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Figure 1: The geographical distribution of Bhils highlighting our sampling locations.

Rajasthan (Figure 1). In these communities, the Bhil speak over fifty different
‘dialects’, which are actually local tribal lects of a variety of local Indo-Aryan
languages. Some of the Bhili languages are categorised as dialects of Gujarati,
whereas others are categorised as dialects of particular languages of Rajasthan.
Wagdi is the single most widely spoken Bhili lect. The Nihali have long been
held to share both racial and cultural similarities with the geographically
proximate Bhil (van Driem 2001). In 1954, Robert Shafer believed that the
language isolate spoken by the Nihali might represent the only surviving remnant
of the original linguistic stock of the linguistically Aryanised Bhil, whom Shafer
identified with the Nisada of the Vedas (Shafer 1954). In 1880, James Campbell
had rejected the equation of Bhil with the Vedic Nisada as simplistic, but he
recorded the local view that the Nihali were looked upon by the Bhil as a type of
Bhil, conversely linguistically assimilated Bhil considered themselves to be
superior to the Nihali language community, which had retained its ancestral non-
Indo-Aryan language (Campbell 1880).

With few exceptions, most of the genetic studies of the Subcontinent have
focused on broader issues such as the initial peopling, the origin of different
language groups, the relations between caste and tribe populations, the origin and
migration of East and West Eurasian lineages etc. (Metspalu et al. 2004, 2011,
Palanichamy et al. 2004; Chaubey et al. 2007,2011; Debnath et al. 2011; Xing et
al. 2010; Chandrasekar et al. 2009; Reich et al. 2009; Moorjani et al. 2013). Our
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previous study on the Bhil population of Central India suggested an affinity with
the neighbouring Indo-European populations (Sharma et al. 2012). The Bhil
exhibited a high frequency of haplogroup H1a-M82 and R1a-M17 on the Y
chromosome, whereas M2, M3, M5, M30 and R5 were the most frequent
mtDNA haplogroups. Notably haplogroups M37, M49, R31 and Ul were
exclusively found amongst the Bhil population when compared with the
neighbouring populations (Sharma et al. 2012). Conversely, our subsequent
analysis on hundreds of thousands of autosomal markers in the Bhil population
of Gujarat suggested their closer affinity with the Dravidian tribes and Munda
speaking populations (Chaubey et al. 2015). This contrasting result would appear
to suggest some genetic heterogeneity amongst the Bhil. However, the reduced
genetic sharing of the Bhil population in Gujarat was striking in showing the
lowest degree of genetic sharing with the neighbouring populations of Gujarat
and Rajasthan. In order to resolve such issues as well as to obtain a high
resolution view of the inter-population and intra-population relations of the Bhil
population, we have analysed >95000 autosomal SNPs among four distinct Bhil
groups coming from three Indian states (Fig. 1).

Results and Discussion

For the ease of understanding, we have renamed the Bhil of Rajasthan as Bhill,
the Bhil of Madhya Pradesh as Bhil2, and two Bhil populations of Gujarat as
Bhil3 and Bhil4 (Fig. 1). We first measured the genetic distances (Fst) with
respect to other Eurasian groups. The intra-population comparison showed a
closer affinity of Bhill to Bhil2 and of Bhil3 to Bhil4, whereas the genetic
distances increased twofold when we compared Bhill or Bhil2 vs. Bhil3 or Bhil4
(0.0074 to 0.0154) (Fig. 2a). The Fst analysis clustered four Bhil groups into two
quite distinct Bhil super-groups. In the inter-population comparison, Bhill and
Bhil2 were closer to Indian Indo-European, Gujarati and North Pakistani groups,
whilst Bhil3 and Bhil4 were nearer to Indian Dravidian populations (Fig. 2a).
The affinity of Bhil2 fit with our previous observations on haploid markers
(Sharma et al. 2012). Therefore, the Fst analysis showed a common ancestry of
Bhill with Bhil2 and of Bhil3 with Bhil4. However, the large distance of Bhill-
Bhil2 as against Bhil3-Bhil4 suggests either a deep common pan-Bhil ancestry or
otherwise a process of cultural assimilation whereby the integration of other
tribal groups into the Bhil population may have erased such signatures.

We furthermore performed PCA and ADMIXTURE analyses with the
settings described elsewhere (Metspalu et al. 2011). All the Bhil groups fell on
the Indian cline, albeit some distance apart from one another (Fig. 2b).
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Figure 2: a) Regional comparison of population differentiation (Fst) analysis of Bhil groups with
the Indian and other Eurasian populations. b) PCA (Principle Component Analysis) of
Eurasian populations showing the placement of Bhil groups over the South Asian cline;
the mean value of populationwise clustering of Bhil and neighbours is zoomed-in inset
figure. c) Individualwise ancestry proportion analysis inferred from ADMIXTURE
representing ten ancestral populations of the world (K = 10).

Consistent with the Fst analysis, the Bhill was found to be closer to the Indo-
European groups, whereas Bhil3-Bhil4 were nearer to the Dravidian populations.
Bhil2 attained an intermediate position between the Bhill population and the
Bhil3-Bhil4 group (Fig. 2b). To gain a better understanding of population wise
clustering, we plotted the mean PC values of the Bhil and their neighbouring
populations. Bhill formed a cluster with Rajasthani and Guijarati populations,
whilst Bhil2 clustered with the Indo-European tribes and Dravidian caste
populations. Bhil3 and Bhil4 were likewise grouped together with the other
Dravidian populations (Fig. 2b).
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Table 1: The ancestral north indian (ANI) ancestry calculated in different Bhil groups

Population % ANI ( + SD) Z

Bhill 48.84+1.77 -15.85
Bhil2 39.63+1.02 -19.07
Bhil3 26.54+1.17 -14.01
Bhild 26.7+1.32 -13.01

Our ADMIXTURE analysis was compatible with the Fst and PCA analysis
(Fig. 2c). All of the Bhil groups showed variable amounts of the two major
components prevalent amongst South Asian populations. The estimation of ANI
admixture was found to decrease in following order from
Bhil1>Bhil2>Bhil4>Bhil3 (Table 1). It is interesting to note that the genetic
placement of Bhil and Bhi2 was found to be largely consistent with their
geographical pattern of settlement distribution. However, Bhil3 and Bhil4
showed a closer attraction towards the populations living to the South. Such
observations challenge the scenario which suggests that the genetic canvas of the
Subcontinent is mainly governed by the geographical landscape (Kivisild et al.
2003; Chaubey et al. 2008). The low level of heterozygosity and high Fst values
would lead us to reject assuming any recent migration of Bhil3 and Bhil4 from
South.

We performed a outgroup f3 test, using the Yoruba as the outliers (Fig. 3).
All of the Bhil groups showed a significant level of allele sharing with other
South Asian populations, whilst the level of allele sharing with non-South Asian
populations was insignificant. The f3 test supported the intrarelation of Bhils
observed from previous analysis. It has also signalled the unexpected higher
level of allele sharing between Bhil3-Bhil4 and Nihali (Fig. 3).

In order to gain better insight into the Bhil groups with regard to South
Asian ancestry, we utilised fineSSTRUCTURE analysis, which produced a co-
ancestry matrix by using a haplotype-based approach (Lawson et al. 2012). In
agreement with the previous analyses, the Bhill and Bhil2 populations has
evidently received a high humber of chunks from the neighbouring populations,
whereas the Bhil3 and Bhil4 populations received more chunks from Dravidian
and Munda speakers (Fig. 4a). In order to ascertain the major Indian donors to
the Bhil population, we plotted the mean chunk count donated by the various
Indian groups against all of the Bhil groups. Interestingly, we found that the
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Figure 3: Outgroup f3 statistics, showing the allele sharing of different Bhil groups with each other
as well as with other South Asian populations.
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language isolate Nihali, residing in Central India, had donated a significantly
higher number of chunks to the Bhil3 and Bhil4 than any other group had done
(two tailed p value 0.039 for Bhil3 and for Bhil4 0.007), leaving out the chunks
donated to each other (Fig. 4b). The populations Rajasthan, Bhill, Bhil3 and
Nihali were major chunk donors to Bhil2, whilst Rajasthan, Bhil2 and Bhil3
were the first and foremost donors to the population Bhill. Therefore, a common
ancestry with Nihali is clearly manifest amongst the Bhil2, Bhi3 and Bhil4
populations. An excessive amount of Nihali chunks is not evident in the Bhill
group. Nevertheless the high number of chunks from Bhil3 and Bhil4 provide
clear evidence for the view that all of the Bhil populations originated from a
common pan-Bhil stock.

Overall our high resolution analysis for Bhil2 supported our previous
observations obtained from haploid DNA analysis. The fineSTRUCTURE
analysis revealed a most recent common ancestry of the Bhil with the Nihali
population of central India. It is likely that the excessive number of chunks from
Nihali to Bhill might have been lost secondarily due to a high level of admixture
with local Rajasthani and Gujarati populations.

Material and Methods

This study was performed using control samples collected, genotyped and
published for various population studies conducted in the last few years (S1
Table) (Li et al. 2008; Reich et al. 2009; Behar et al. 2010; Chaubey et al. 2011,
Metspalu et al. 2011;Yunusbhayev et al. 2011; Moorjani et al. 2013). All of the
ethical guidelines were followed. The tribal and caste populations were grouped
according to their language group. We grouped populations into a group which
we labelled “transitional” when these were known to have undergone language
shift in recent time (Kumar et al. 2008; Chaubey et al. 2008). A check for closely
related individuals was carried out within each population study by calculating
average identity by state (IBS) scores for all pairs of individuals (Purcell et al.
2007). We used PLINK 1.07 (Purcell et al. 2007) in order to filter our dataset to
include only SNPs on the 22 autosomal chromosomes with minor allele
frequency >1% and genotyping success >99%. As background linkage
disequilibrium (LD) can affect both PCA (Patterson et al. 2006) and
ADMIXTURE (Alexander et al. 2009), we thinned the dataset by removing one
SNP of any pair, in strong LD r2>0.4, in a window of 200 SNPs (sliding the
window by 25 SNPs at a time).

We performed PC analysis using the smartpca programme of the
EIGENSOFT package in the default settings (Patterson et al. 2006) in order to
capture genetic variability described by the first five components. The fraction of
total variation described by a PC is the ratio of its eigenvalue to the sum of all
eigenvalues. In the final settings, we ran Admixture with a random seed number
generator on the LD-pruned dataset twenty-five times at K=2 to K=12. Since the
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top values of the resulting log-likelihood scores were stable and remained
virtually identical within runs of each K from K=2 to K=10, we can claim that
convergence at global maximum was achieved. Thus we omitted runs at K=11 to
K =12 from further analysis.

Mean pairwise differences between different population groups were
computed using Fst distance measure by following the methods as described by
Cockerham and Weir (1984), and Phylip (Felsenstein 1993) and MEGA (Tamura
et al. 2013) were used to construct the tree. To investigate the outgroup allele
sharing of Bhil groups with Eurasian populations, we computed f3 statistics
(Patterson et al. 2012), taking the Yoruba as outgroups. For haplotype-based
analysis (fineSTRUCTURE) (Lawson et al. 2012), first samples were phased
with Beagle 3.3.2 (Browning and Yu 2009). A co-ancestry matrix was
constructed using ChromoPainter (Lawson et al. 2012), and fineSTRUCTURE
was used to perform an MCMC iteration using 10000000 burning runtime and
10000 MCMC samples.
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