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ARTICLE INFO ABSTRACT
Keywords: South Asia is home to almost a quarter of the world’s total population and is home to significant
East India ethnolinguistic diversity. Previous studies of linguistic and genetic affiliations of Indian pop-

Austro-Asiatic languages
Tribes

Indo-European languages
Mitochondrial DNA
Autosomal DNA

ulations suggest that the formation of these distinct groups was a protracted and complex phe-
nomenon involving multiple waves of migration, cultural assimilation, and genetic admixture.
The evolutionary processes of migration, mixing and merging of populations thus impact the
culture and linguistic diversity of different groups, some of which may retain their linguistic
affinities despite genetic admixture with other groups, or vice versa. Our study examines the
relationship of genetic and linguistic affinities between Austroasiatic and Indo-European speakers
in adjacent geographical regions of Eastern India. We analyzed 224 mitogenomes and 0.65
million SNP genotypes from 40 unrelated individuals belonging to the Bathudi, Bhumij, Ho, and
Mahali ethnic groups from the Eastern Indian state of Odisha. These four groups are speakers of
Austroasiatic languages who have adopted elements from Indo-European languages spoken in
neighbouring regions. Our results suggest that these groups have the greatest maternal genetic
affinity with other Austroasiatic-speaking groups in India. Allele frequency-based analyses,
genome-wide SNPs, haplotype-based methods and IBD sharing further support the genetic simi-
larity of these East Indian groups to Austroasiatic speakers of South Asia rather than regional
populations speaking Indo-European and Dravidian languages. Our study shows that these pop-
ulations experienced linguistic mixing, likely due to industrialization and modernization that
brought them into close cultural contact with neighbouring Indo-European-speaking groups.
However, linguistic change in these groups is not reflected in genetic mixing in these populations,
as they appear to maintain strict genetic boundaries while simultaneously experiencing cultural
mixing.
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1. Introduction

India is a culturally and geographically highly heterogeneous country and has long been a melting pot of socio-cultural exchanges
and ethnolinguistic diversity. This diversity stems from several demographic events, starting about 65 KYA with the first appearance of
anatomically modern humans [1,2]. Indian populations are structured further by their linguistic and religious affiliations [3-6]. There
are four major language families spoken across India: Indo-European, Dravidian, Austro-Asiatic, and Tibeto-Burman, out of which
Austro-Asiatic speakers primarily reside in the central and Eastern parts of the country [2,3,7-10]. Studies have shown that a further
linguistic sub-division of Austro-Asiatic speakers into North and South groups is consistent with genome-wide data, indicating
sub-structure among speakers of this language family [11]. The origin and dispersal of these language families in South Asia is still an
enigma [8]. The Austro-Asiatic language family includes about 150 different languages spoken in India, Vietnam, and the Malay
Peninsula in the South. Mainland Southeast Asia (MSEA) has more than 100 million individuals who speak Austro-Asiatic languages,
while more than 10 million speakers of the Austro-Asiatic Munda language live in East and Central India bounded by Indo-European,
Dravidian and Trans-Himalayan languages speakers [7,12]. This huge geographical range of Austro-Asiatic speaking communities and
the presence of the oldest India-specific mitochondrial DNA (mtDNA) haplogroup M2 among Austro-Asiatic speaking tribes of India
have been used to propose that Austro-Asiatic speakers may have been the initial settlers of India [7].

The widespread distribution of Austro-Asiatic speakers is also speculated to be associated with the agricultural expansion in India
and South Asia. Agricultural expansion has been speculated to be a result of either demographic or cultural spread in global contexts
and has, hence, received attention from geneticists and paleo-geneticists. The expansion of Austro-Asiatic speakers can be traced back
to rice cultivation in South Asia. Regardless of their current lifestyle, Munda-speaking and Khasi-Aslian-speaking hunter-gatherer
populations of India share considerable rice cultivation allies with Khasi-Aslian-speaking populations of Southeast Asia [8]. Tradi-
tionally, it has been assumed that rice has a singular origin in China. However, genetic evidence suggests the multiple centres of
domestication in Asia. Genetic evidence [13] shows independent domestication of Oryza indica and Oryza japonica cultivars, which
further suggests that the homeland of the Austro-Asiatic family lies in India. Finally, in light of archaeobotanical, linguistic, and genetic
evidence, the bifurcation of Austro-Asiatic languages into their major subgroups in South and Southeast Asia is reported to have
happened around 7 KYA [7]. These findings suggest a migratory route of Austro-Asiatic languages from India to Southeast Asia, and
not the other way around [14].

Genetic studies conducted so far have proven to be inconclusive about the geographical origin of Austro-Asiatic speakers and the
timing of the split into subgroups in this language family. mtDNA data from Indian Munda and Southeast Asian Khasi—Aslian-speaking
groups indicate a clear distinction in their maternal ancestries, with both sharing more mtDNA lineages with their respective regional
neighbours, who speak languages other than Austro-Asiatic [7]. The Mundari-speaking group reflects a dominant presence of
Indian-specific mtDNA haplogroups that are also reported in speakers of Dravidian and Indo-European languages [9,15-18], whereas
the Mon-Khmer speakers have more East Asian-specific mtDNA haplogroups [7]. The presence of different haplogroups among
Mundari and Mon-Khmer speakers points towards independent migration and origin of both these groups, these findings have also
been confirmed by the independent occurrence of a 9 bp deletion polymorphism in them [4,16,19]. Overall, Indian and Southeast
Asian Austro-Asiatic speakers can be distinguished based on differences in their respective mtDNA haplogroup distributions. Y
chromosomes present the strongest signals of shared Southeast Asian genetic ancestry among the Indian Austro-Asiatic speakers, since
approximately two-thirds of the group’s population falls under Y haplogroup 02a-M95. This finding suggests that the migration of
Austro-Asiatic speakers to South Asia was male mediated [7,15,20].

While the Y chromosomal analysis mainly suggest the common origin of different Austro-Asiatic groups, mtDNA studies have
revealed different demographic histories for maternal lineages of the Mundari and Mon-Khmer groups [21]. The geographical pattern
of mtDNA haplogroup is consistent with its origin in South Asia dating back approximately 20 KYA [7]. Studying the time depth of Y
STR (short tandem repeat) variations of haplogroup O2a, it can be observed that the entry of O2a in Southeast Asia is quite recent <10
KYA, and all other branches of haplogroup O are majorly restricted to East Asia [20,22]. On the contrary, the genetic diversity of
mtDNA haplogroups and Y STR O2a haplogroup diversity in Austroasiatic speakers favour the direct descent model of Austroasiatic
speakers from the initial settlers of India ~65 KYA [15,23]. What must be taken into account is that this 65 KYA dating of haplogroup
0O2a appears much older than the ancestral haplogroups K and NO [24], and this contradiction needs to be resolved.

Some Austro-Asiatic speaking communities in India have also undergone a language shift, a cultural process which involves
changes in the spoken language [25,26]. For example, a large proportion of Mundari-speaking Austro-Asiatic tribes have adopted
Indo-European languages as a mode of communication in the recent past [25], likely facilitated by exchange of ideas, goods and food.
However, these cases of cultural changes have been shown to be not accompanied by genetic shifts, indicating impregnable genetic
boundaries in these groups [7,8,18]. Genetic studies conducted till date also lack high-resolution autosomal evidence and, hence, the
genetic origins of Austro-Asiatic-speaking populations remain largely controversial [7]. Here, we present whole mitochondrial ge-
nomes from blood samples collected from 224 unrelated individuals from East Indian states, the collected samples represent four
Austroasiatic groups including Bathudi (N = 58), Bhumij (N = 58), Ho (55), and Mahali (N = 53). Additionally, we genotyped 40
individuals (10 individuals from each group) for genome-wide autosomal SNP markers. The primary objective of this study is to
investigate the maternal phylogeny and the autosomal SNPs based genetic affinities of these four groups within the context of the
genetic affinities that characterize other linguistically-diverse South Asian groups.
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2. Materials and methods

2.1. Sampling

Blood samples were collected from 224 unrelated individuals inhabited in East Indian state of Odisha (Fig. 2b), which include
Bathudi (N = 58), Bhumij (N = 58), Ho (55) and Mahali (N = 53) tribes. Informed written consent was obtained from the participants.

2.2. DNA extraction and genotyping

DNA was extracted using a phenol chloroform method. Complete mitochondrial genome was amplified using 24 sets of primers
designed to cover complete mitochondrial genome [27](Supplementary Table S2). Amplified PCR fragments were sequenced using
Sanger sequencing technique (ABI 3130XL Genetic Analyzer, Applied Biosystems, USA). Mutations were identified by aligning the
mtDNA sequences against the revised Cambridge Reference Sequence (rCRS) [28] using the AutoAssembler [29] tool. mtDNA hap-
logroups were assigned based on Phylotree 17 FU1 [30] using the Haplogrep 2.4.0 software [31]. Details of mtDNA haplogroups
determined for each population are listed in the supplementary file (Supplementary Table 1). Genome-wide SNP genotype data was
generated for 40 individuals from the four tribal populations (Bathudi = 10, Bhumij = 10, Ho = 10 and Mahali = 10) using the Illumina
GSA genotyping panel. The genotyping was performed according to manufacturer’s protocol for Infinium Global screening Array-24
v-1.0 from Illumina, Inc, CA, USA.

2.3. Population diversity statistics and Maximum-Likelihood phylogeny

DnaSP6 [32] software was used to calculate nucleotide diversity, haplotype diversity, Fu and Li statistics, and Tajima’s D statistics.
A maximum likelihood tree was constructed using Mega 11 [33] using merged fasta sequences of mitochondrial haplogroups M2 and
M5. Combined fasta sequences (including Bathudi, Bhumij, Ho, Mahali, published mtDNA sequences from Phylotree from India, 1000
Genomes and HGDP) were first aligned using MUSCLE algorithm in MEGA 11 [33]. Gaps and redundant sites (309.1, 315.1, 515-522,
16182, 16183, 16193.1 and 16519) were excluded in further analyses. Maximum Parsimony (MP) tree was used as the initial tree and
500 bootstrap replicates were done and a strong branch swap filter was applied.

2.4. Bayesian evolutionary analysis and haplotype networks

Bayesian evolutionary analysis was performed on the combined mitochondrial genome fasta using BEAST v2.7.4 [34]. For con-
structing the phylogenetic tree, we aligned the merged fasta sequences of the four tribal populations with reference sequences from
published Indian, 1000 Genomes and HGDP populations, affiliated under the clades M2 and M5, with haplogroup LOal from a Bantu
individual used as an outgroup. Sequences were aligned using MUSCLE [35] alignment method implemented in MEGA 11 [33]. Best
partitioning scheme was determined using Bayesian Information Criterion (BIC) implemented in PartitionFinder v2.1.1 [36] and using
the greedy algorithm. Best fit nucleotide substitution model was inferred using jModelTest v2.1.10 [37] for each of the partitions (HVS
and coding regions) of mitogenome. BEAST [38] runs were performed using linked tree model and a strict molecular clock was chosen.
As tree prior Coalescent Constant population was used for all partitions. Three individual Markov Chain Monte Carlo (MCMC) chain
were run with 50,000,000 steps with every 10,000 steps used for parameter sampling and 10 % steps were discarded as burn-in.
Convergence of MCMC chains and Effective Sample Size (ESS >200) were evaluated by visualizing in Tracer v1.7 [39].

All the Log files and Tree files of three MCMC runs were combined using LogCombiner tool of BEAST v2.7.4 [34] package.
Consensus tree was generated from combined tree file using TreeAnnotator [34] by discarding 10 % samples as burn-in and using
median heights. Consensus tree was visualized in FigTree v1.4.4. Median Joining networks for mitochondrial haplogroups M2 and M5
of four tribal groups were constructed using PopART [40] tool in R.

2.5. Extended Bayesian Skyline Plot

For the estimation of population size (Ne) history through time, individual aligned fasta sequences of Bathudi, Bhumij, Ho and
Mahali populations were used in BEAST v2.7.4 [34]. PartitionFinder [36] was used to generate best partitioning scheme of each
population aligned fasta files. Nucleotide Substitution model was derived for each partition using jModelTest [37]. Coalescent
Extended Bayesian Skyline was used as tree prior and 50,000,000 iterations were run, discarding 10 % as burn-in. Three individual
runs were performed at random seed numbers and log files from individual runs were combined in Logcombiner [34]. Extended
Bayesian Skyline Plots were done using R script plotEBSP.R.

2.6. Population genetic analyses on autosomal SNP data

Genotype data was merged with data from the Simons Genome Diversity Panel as well as modern genotype data from our lab also
generated on the Illumina platform. Quality filtering was performed in Plink v1.9 [41] with quality cutoff values for geno = 0.03, mind
= 0.05 and maf = 0.01. Kinship based filtering was done by Plink2 [41] King-cutoff function and individuals up to second degree of
relationship were excluded (one individual from each pair). For PCA and ADMIXTURE, the merged SNP dataset was pruned for linkage
disequilibrium (LD pruning with 200 25 0.04 setting).
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PCA was run on the LD pruned genome-wide SNP data using smartpca tool in EIGENSOFT [42] package. Model based unsupervised
clustering was performed using ADMIXTURE [43]. Outgroup-f3 statistics was performed using Admixtools [44]. Weir and Cockerham
Fst was calculated in R package assigner (Gosselin et al., 2020). All the results were plotted in R [45].
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We further used haplotype-based approaches to infer more recent and fine-scale haplotype sharing by implementing Chromo-
Painter [46] and fineSTRUCTURE [46]. We first phased our data using 1000 genome reference panel with SHAPEIT4 [47] with default
parameters. ChromoPainter [46] was first run on phased data by performing 10 Expectation-Maximization (EM) iteration with 5
randomly selected chromosomes on a subset of individuals to infer the global mutation rate (p) and switch rate parameters (Ne). The
main ChromoPainter algorithm was run with all chromosomes and all the individuals to get co-ancestry chunks. This co-ancestry
chunk counts matrix was fed into fineSTRUCTURE [46] to infer the tree using a probability model by applying Markov chain
Monte Carlo (MCMC). For the run, we used 500,000 burn-in iterations and 1,000,000 subsequent iterations and stored the results from
every 10,000 iteration. IBD sharing pattern was inferred using the phased data and Refined IBD [48] method. All the plots were
created using R statistical packages [45].

3. Results
3.1. Mitochondrial haplogroup distribution

Major mitochondrial haplogroups observed among the four tribal populations (Bathudi, Bhumij, Ho and Mahali) are listed in the
supplementary file (Supplementary Table 1). There was high genetic heterogeneity observed in the haplogroup distribution among the
four groups. Ho and Mahali have the highest frequency of mtDNA haplogroup M40 (0.15 and 0.17, respectively), while Bathudi has the
highest prevalence of haplogroup M2a (0.16) and Bhumij has M52 (0.14) as most frequent mtDNA haplogroup. Subgroups of M2 and
M5 haplogroups were common among all four tribal groups, which are among the most ancient mitochondrial lineages in Indian
subcontinent [17,49]. Further downstream analyses to infer evolutionary analysis were mainly focused on lineages of mtDNA hap-
logroups M2 and M5.

3.2. Maximum likelihood tree of mtDNA haplogroups M2 and M5

Maximum-Likelihood tree in MEGA [33] was constructed using combined fasta sequences of haplogroups M2 and M5 affiliated
samples with 500 bootstrap replicates. Placement of the four tribal groups in the ML tree of mitochondrial clade M2 was highly
heterogenous. ML tree was divided into three major clades and an outgroup (Bantul3) (Supplementary Fig. S1). Most of the Bhumij
and Bathudi individuals clustered together with Austro-Asiatic and Dravidian speaking individuals, while the Katkari (an
Indo-European speaking tribe) form a separate sub-cluster within this major clade. All M2 Mahali individuals clustered in a heter-
ogenous clade that primarily consisted of Austro-Asiatic speaking individuals (Korku, Munda, Malpahariya), along with a few 1000
Genomes Indo-European and Dravidian speaking individuals.

In the ML tree of haplogroup M5, most of the Bhumij, Bathudi, Ho and Mahali individuals were present in a single major clade with
a minor presence of Indo-European, Dravidian and Tibeto-Burman speaking individuals (Supplementary Fig. S2). Some of the other
Austro-Asiatic speaking groups in this clade were Munda, Korku, Malpaharia, and Paudi Bhuiya. Two of the Bhumij (Bhumij53 and
Bhumij54) and one Bathudi (BTD08) individuals were placed in a separate clade, shared with Indo-European and Dravidian speaking
individuals. One of the Ho individuals (HO31; HG M5a) was an outlier with respect to all major clusters.

3.3. Extended Bayesian Skyline Plot

Extended Bayesian Skyline Plot (EBSP) analysis was done for the four tribal groups to trace population size (Ne) change history
through time. Best portioning scheme divided the mitochondrial genome into two compartments (HVS and Coding region). Best
nucleotide substitution model for HVS region was HKY + I + G and for coding region TrN + I + G. A maternal population bottleneck
was observed in case of Mahali, whereas we observed a maternal population size expansion for Bhumij, Bathudi, and Ho (Fig. 1 a-h).

3.4. Median-joining networks of mtDNA haplogroups M2 and M5

Median joining network of mtDNA haplogroup M2 differentiated into two nodes defining the major sub clades M2a and M2b
(Supplementary Figs. S3a-b). Sub clade M2a was having uniform sharing of haplotypes among the three major linguistic groups
(Austroasiatic, Dravidian and Indo-European), but diversity was high among Austroasiatic groups indicating their highly divergent
(founder) lineage in terms of M2a. On the other hand, sub haplogroup M2b had Dravidian founders and among four East Indian tribes,
Mahali shared haplotypes in this cluster both with Austroasiatic and Dravidian groups (Supplementary Figs. S3a-b). This clearly
indicates mainly derived ancestry in Mahali related to this sub haplogroup (M2b).

A similar apparent differentiation was observed in case of haplotype sharing patterns among sub haplogroups of mtDNA hap-
logroup M5 (Supplementary Figs. S4a-b). The sub clade M5a is shared among haplotypes from Pakistan, Indian Indo-Europeans,
linguistic isolate Nihali, Austroasiatic groups and three of the East Indian tribes (Bathudi, Bhumij and Mahali). Whereas, remaining
three subclades namely, M5b, M5c and M5d had haplotypes mainly from Indian Austroasiatic speakers, Bathudi, Bhumij and Mahali
(Supplementary Figs. S4a-b). All four sub clades are highly diversified among Austroasiatic speakers, clearly indicating their founder
lineage in Austroasiatic speakers from India.
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3.5. Population diversity statistics

Population diversity statistics were calculated for the four tribal groups using DnaSP6. The number of mitochondrial haplotypes for
Bathudi, Bhumij, Ho, and Mahali were 57, 55, 55 and 50, respectively, while haplotype diversity was 0.9994, 0.9975, 1, and 0.9978,
respectively. Nucleotide diversity (Pi) value was highest for Bhumij (0.00184) and lowest in case of Mahali (0.00164). The value of Fu
and Li D test statistics for Bathudi, Bhumij, Ho, and Mahali were —2.46605, —3.28539, —2.25893 and —1.06731, respectively.
Tajima’s D statistics values were —2.02970, —2.06801, —2.08711 and —1.25634 for Bathudi, Bhumij, Ho, and Mahali, respectively.

3.6. PCA and admixture analysis on autosomal SNPs

Genome-wide SNP data from the four tribal populations (Bathudi, Bhumij, Ho and Mahali) were merged with modern Eurasian
reference populations from published sources and unpublished genotype dataset from our lab. We have analyzed by including African
populations (Fig. 2¢) and also by excluding the Africans (Fig. 2d). Principal Component Analysis (PCA) on LD pruned data placed
individuals from all four tribal populations in a separate cluster along with other Austro-Asiatic speaking groups in the main South
Asian cline (starting with Pakistan groups in forest green and ending with Austro-Asiatic speaking groups in khaki) (Fig. 2c&d). Black
dots shown by arrows in this cluster represents the four tribal groups sequenced in this study (Bathudi with filled circle, Bhumij with
filled diamond, Ho with filled square and Mahali with circled plus). All other Eurasian populations including modern Indians are
arranged in a single Eurasian cline extending from the Caucasus, Europe and the Middle East to East Asians and Southeast Asians.

In the model based unsupervised clustering, all four tribal groups maximized the blue component (corresponding to a South Asian
ancestral component), with traces of the cyan component (maximized in Southeast Asians and East Asians). Mahali differed from
Bathudi, Bhumij and Ho due to the substantially smaller proportion of the cyan component in the former (Fig. 2a). Two Bhumij and one
Mahali Individuals additionally showed the forest green component (Indo-European specific).

In the clustered heatmap of pairwise wcFst, all the four tribal groups (Bathudi, Bhumij, Ho, and Mahali) are clustered together and
share a clade with Southeast Asian and East Asian groups (Supplementary Fig. 5). Cladogram based on Nei’s genetic distance also
placed the four tribal groups together in a clade not shared by any other group, but Ho and Bhumij were additionally placed together in
a subclade within this larger clade (Supplementary Fig. 6).
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4. Haplotype based analysis and IBD sharing

The FineStructure dendrogram divided all populations into three major clades, one including the African outgroups (Mbuti and
Yoruba), second including European, Middle Eastern, Pakistani, and 1 KG South Asian populations, and third including East Asian,
South East Asian, admixed Pakistani (Hazara), and Indian populations. In this third major clade, the four study groups (Bathudi,
Bhumij, Ho, and Mahali) clustered together in a sub-clade distinct from other linguistic groups from India and with two other Austro-
Asiatic speaking groups, Koya and Konda (Supplementary Fig. 7). Only a single Bhumij Individual was observed to cluster with Indian
Dravidian and Indo-European speaking cluster, which may reflect recent gene flow between Bhumij and the latter populations. In the
phylogenetic tree based on Nei’s genetic distance, all four study groups again formed a separate clade with the Ho and Bhumij sharing a
sub-clade with each other.

In the IBD sharing matrix normalized for sample size, Bhumij and Ho were observed to have high IBD sharing, while Mahali only
shared moderately with Ho and Bhumij. Bathudi were observed to not have significant IBD sharing with Ho, Bhumij, and Mahali
(Fig. 3).

5. Discussion

The general consensus among geneticists is that Austroasiatic speaking people were among the first settlers in India; today there are
around 100 million people in India and Southeast Asia [7,11]. It has been suggested that the expansion of the Austroasiatic speaking
population was related to agriculture and rice cultivation in South Asia [13,50], but this hypothesis has been constantly disputed.
There are mainly three groups of Austroasiatic speakers: Mundari, Mon-Khmer and Khasi [51]. Overall, these speakers are distributed
across central India in Chotanagpur and Odisha, Eastern India and the Meghalaya regions of India. Recently, these communities have
experienced drastic cultural and linguistic changes [25,26]. Many Austroasiatic speaking groups have lost their traditional
hunter-gatherer lifestyle and shifted to a more urban way of life characterized by interaction with the surrounding
Indo-European-speaking population [25,26]. Indo-European languages have significantly expanded the strict socio-cultural bound-
aries that previously existed in the Indian subcontinent [52,53]. Although the genetic effects of cultural integration of one of the
Austroasiatic speakers (Khasi) in Northeast India was investigated [54], these changes have mostly socioeconomic impacts on other
Austroasiatic speakers in Eastern India [25]. It has been observed that despite this language adaptation by communities, the genetic
makeup of other Austrian speakers remains largely unchanged [7,14,55].

We extensively investigated the plausible impact of linguistic and cultural changes among East Indian tribes (Ho, Bathudi, Bhumij
and Mahali/Mahelu) on their genetic make-up using mitochondrial and autosomal SNP markers. As observed in their mtDNA hap-
logroup distribution, the maternal genetic composition of these four tribes is primarily indigenous and deeply rooted. Higher prev-
alence and divergent sub lineages of mtDNA haplogroups M2 (oldest subgroup of M) and M5 in Bathudi, Bhumij and Ho indicate their
deeper maternal lineage in the Indian subcontinent. As shown by the maximum likelihood tree and phylogenetic networks of hap-
logroups M2 and M5, they share clades and haplotypes with almost all language groups in India. Furthermore, unlike Dravidian
speakers from South India who have evidence of West Eurasian influence on their maternal genome [56,57], which may be as a
consequence of trade connections [58]or multiple migrations [59], East Indian tribes did not show a major presence of West Eurasian
maternal lineages. This further confirms the lesser influence of cultural and linguistic changes on their maternal genetic composition.
However, the minor effects of recent demographic changes due to urbanization and industrialization are well imprinted in the
maternal genome of the Mahali group, as evidenced by the historical maternal bottleneck (Fig. 1g).

We further examined the autosomal genome of East Indian tribes and found a good concordance between the indigenous linguistic
affiliation and their genetics in our frequency and haplotype-based analysis. In PCA using autosomal markers, all four groups cluster in
separate sub-clusters along with other Austroasiatic speaking groups in the main South Asian lineage. However, the haplotype-based
approach provided clear evidence that two of these four groups, Ho and Bhumij, shared a common genetic history. This is further
reinforced by the average number of shared IBD patterns, which shows a greater number of shared segments between Ho and Bhumij
compared to the other two groups. Mahali showed only moderate commonality with Ho and Bhumij, reflecting recent gene flow from
Ho or Bhumij (Fig. 3).

In summary, our study shows a close genetic relationship between the studied Austroasiatic groups despite the geographical
distance and linguistic transitions. Our analyses of genetic data from mitochondrial and autosomal markers provide a range of esti-
mates of gene flow across geographical and linguistic boundaries. However, more finer details and inferences can be drawn by covering
more individuals from the populations covered, as some of the methods such as haplotype-based analysis will then clear picture of
recent gene flow pattern. Still, with the current evidences we argue that language shifts in the extant East Indian tribes of Odisha are a
consequence of cultural adaptation to the ever-changing environment due to urbanization and industrialization and are not due to
larger demographic or genetic integrations. This study expands our understanding of the genetic history and admixture history of
Austroasiatic populations in South Asia and may provide insights into the dynamics between genes and languages in these populations.
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