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ABSTRACT Language shift is a phenomenon where a new language is adopted by a population with virtually no
influence on its genetic makeup. We report here the results of a case study, carried out on the Mushar populations,
which is thought to have undergone language shift from Munda (an Austro-Asiatic language) to Hindi (an Indo-
European language). We compared the mtDNA and Y-chromosomal phylogenies of this population with those of the
neighbouring Indo-European and Austro-Asiatic speaking populations, standing at similar social status. The results
revealed much closer genetic affinity of the Mushar people to the neighbouring Austro-Asiatic (Mundari) populations,
than to the neighbouring Hindi-speaking populations. This example shows that the language shift as such is not
necessarily a signal for a rapid genetic admixture, either maternally or paternally.

INTRODUCTION

The out of Africamigration has led the first
footprints of anatomically modern humans
(AMHs) to South Asia many tens of thousands
of yearsago. In additionto this, thein situ origin
of numerous deep rooting indigenous
haplogroups (Kivisild et a. 2003; Palanichamy
eta. 2004; Sun et al. 2006; Thangargj et a. 2006)
and the development of acomplex caste system
has made it highly diverse, both genetically and
socially. There are several controversial issues
viz. the beginning of caste system and origin
and migration of different language groups that
remain yet to be resolved (Kivisild et al. 2003;
Metspalu et al. 2004; Sahoo et a. 2006; Sengupta
et al. 2006; Chaubey et a. 2007; Kumar et a 2007).
TheIndian subcontinent islinguistically divided
into four major families: Indo-European,
Dravidian, Austro-Asiatic and Tibeto-Burman.
Indo-European isthemost widely spread family,
which covers North, Central and Western parts
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of India. Dravidiansare mainly confined to South
Indiawith someexceptionslike Kurukh and Gondi
speaking people, living in central and eastern
parts of India. Austro-Asiatic speakers are
dispersed mostly in the central and eastern parts
of the country whilethe Tibeto-Burman speakers
are concentrated in the northeastern part of the
subcontinent. The origin and dispersal of these
language familiesin South Asiaremains still as
enigmatic.

The caste system of South Asiaismaintained
by several traditional ritualsand social practices,
including strict endogamy. Other than the
scheduled castes (SC) popul ation, the scheduled
tribal population (ST) represent the historically
most backward and disadvantaged groupsinthe
highly ripped Indian caste society. While the
social, economic and educational deprivation of
these groups has been in the past acommon and
unifying characteristic, each group had and still
largely has its own particular rituals that dis-
tinguishes one from the other. In the past few
years, genetic studiesof mtDNA and Y chromo-
somal variation have provided a substantial
understanding of the human origins and disper-
sal patterns in South Asia. (Kivisild et al.1999,
2003; Cordaux et a. 2003; Pdanichamy et a. 2004;
Metspalu et al. 2004 ; Sun et al. 2006; Thangaraj
et al. 2005, 2006; Sahoo et al. 2006; Senguptaet
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al. 2006 ; Chaubey et . 2007; Kumar et a. 2007).
Mitochondrial DNA analysis, in particular anong
the worldwide populations, has revealed
continent-specific distributions of certain MtDNA
lineegegroups. (Kivisidetd. 2003, 2006; Metspau
et al. 2004; Torroni et a. 2006). Various studieson
South Asian populations do not show any caste-
or language-specific distribution of major ancient
lineages(Kivisild et al. 2003; Metspalu et al. 2004,
Sunetd. 2006). Theinternd structureof haplogroup
M lineages, as reveadled now by the analysis of
complete mtDNA genomes in South Asia reflects
their basically autochthonous origin (Metspalu et
a. 2004; Sunet . 2006; Thangarg et d. 2006), thus
confirming our earlier predictions (Kivisild et al.
1999, 2000, 2003).

Language shift is a process where a more
prestigious, usually near-by languageis adopted
by acontemporary population, with only aminor
contribution of genes from a source population
(Diamond and Bellwood 2003 and references
therein). It is a process whereby a community
shifts to speaking another language. In such
cases generaly agroup, for the sake of the social
and economic status, tends to assimilate the
language of the majority host population.
Language shift may be also forced by ruling
authorities. Thelossof original languageisusualy
gradual and extends over several generations. An
examplehasbeen given by Diamond and Bellwood
(2003) where the growing adoption of English as
thelanguage of government in PapuaNew Guinea
(PNG), whose original populations nonethel ess
remain indigenous with negligible input of
European genes. Historically, language shiftsare
common - e.g. in British Islands, in Roman-time
Sardinia, in Armenia after the fall of Urartu, in
Anatoliawiththearrival of Turks(Cavalli-Sforza
et a. 1994) al these very likely with an only a
limited genetic change. Few other prehistoric
examples are the adoption of Austronesian
languages by some former speakers of Papuan
languages in the western islands of Melanesia
and by Agta Negritosin the Philippines (Kulick
1992, Cavalli-Sforza et al. 1994, Ross 1997). A
prehistoric language shift from Uralic to Indo-
European among the Baltic-speakers has been
also hypothesized (Wiik et al. 2002).

Thereisalack of detailed studies of language
shifts in South Asia. Therefore, we investigate
the correlation between language and genesin a
population called Mushar which has, according
totheearlier reports (Sharma1998; Mishra2001;

Sinha 2002), highly likely changed its language
from Austro-Asiatic (Munda) to Indo-European
in the recent past. To address this question we
analyzed maternal (mtDNA) and paternal (Y-
chromosome) lineages of the target population
and compared the results with those of the
neighbouring Austro-Asiatic and Indo-European
populations.

MATERIALS AND METHODS
Subjects

Theword Mushar isrelated to Bhojpuri word
‘Mush’ meaning mouse or rat and ‘ahar’ means
eaters (Chaubey et al. 2007). They smoke into
the rat holes in the fields to flush out rats to
catch them and consume. They live mostly in
eastern Indiaextending themselvesto central and
northern parts till Nepal (Fig. 1). According to
the elderly members of the Mushar community
they have migrated from the East to different parts
of thecountry and further to Nepdl. Itisinteresting
to note that in some of the Indian states they are
considered asascheduled caste (SC) and in some
others as a scheduled tribe (ST) (Sharma 1998;
Sinha 2002). They were hunters and gatherers
initially but now liveinvillagesand have adopted
agriculture. Most of them currently speak Indo-
European language but few (older people) are
bilingual, speaking Indo-European (Bhojpuri,
Maithili, Magahi and Bengali) and Austro-Asiatic
(Munda) languages. For the comparative study,
besides Mushar, we have also analyzed the same
markersin contemporary populations holding the
samesocid status. Thedetailsaregivenin Table 1.

Methods and Data Analysis

5-10 ml of blood sample was collected from
each of the 168 Mushar, 135 Austro-Asiatic and
151 Indo-European subjects, after obtaining
consent from the respective populations. These
samples were drawn covering Uttar Pradesh,
Madhya Pradesh, Jharkhand and Bihar states.
Thedetails of popul ation-wise samplesand their
geographical and linguistic affiliationsaregiven
inTableland Figure 1.

All the samples have been analysed for the
mtDNA control region as well as appropriate
coding region markers (Primer numbers 1, 2, 3, 6,
15, 18, 22, 24 of Reider et al. 1998) in order to
assign them in appropriate haplogroups. Y
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Fig. 1. The geographical distribution of Mushar population in South Asia. The sampling location is
shown by circles and district wise Mushar population size is colour coded

chromosomal haplogroups were characterized
with the help of 16 biallelic markers (M9, M45,
M89, M130, M 356, M52, M82, M304, M 175, M95,
M207, M124, M173, SRY 1532, M20 and M 76)
typed by RFL Pand sequencing methods. All the
sampleshave been analysed in EBC, Tartu except
the 5 Satnami and 14 Basor sampleswhich have
been analysed in CCMB, Hyderabad. Sequencing
was carried out in ABI 3730 and 3730XL DNA
analyzers. Individuals with ambiguous haplo-
group affiliation were subjected to further
sequencing of informative coding region stre-

tches. To minimize errors both strands were
double-sequenced. Principal component analysis
(PCA) of mtDNA aswell asY chromosomewas
performed as described earlier (Richards et al.
2002), using the software POPSTR provided by
H. Harpending. Median joining network (Bandelt
et a. 1999) was constructed using the Network
4.0 program (A. Rohl; Shareware Phylogenetic
Network Software Web site) with default settings
and finally drawn manually. Caste and tribal
isofrequency maps were generated using the
Kriging method in Surfer7 program of Golden
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Table 1: Linguistic and Geographical distribution of studied populations. AA-Austro-Asiatic, | E-Indo-
European.

State District Status Population Lingustic affiliation Sample
Uttar Pradesh Varanasi Scheduled Tribe Mushar AA/IE 24
Uttar Pradesh Gorakhpur Scheduled Tribe Mushar AA/IE 21
Uttar Pradesh Varanasi Scheduled Caste Harijan IE 20
Uttar Pradesh Varanasi Scheduled Caste Bhar IE 22
Bihar Bhojpur Scheduled Tribe Mushar AA/IE 21
Bihar Begusarai Scheduled Tribe Mushar AA/IE 22
Bihar Bhojpur Scheduled Caste Dusadh IE 22
Bihar Begusarai Scheduled Caste Lohra IE 16
Bihar Begusarai Scheduled Tribe Ho AA 25
Bihar Bhojpur Scheduled Tribe Munda AA 20
Jharkhand Ranchi Scheduled Tribe Mushar AA/IE 18
Jharkhand Bokaro Scheduled Tribe Mushar AA/IE 21
Jharkhand Bokaro Scheduled Caste Cheek-Baraik IE 20
Jharkhand Ranchi Scheduled Tribe Santhal AA 23
Jharkhand Ranchi Scheduled Tribe Munda AA 22
Madhya Pradesh Sidhi Scheduled Tribe Mushar AA/IE 21
Madhya Pradesh Bhopal Scheduled Tribe Mushar AA/IE 20
Madhya Pradesh Bhopal Scheduled Tribe Kharia AA 21
Madhya Pradesh Sidhi Scheduled Tribe Mawasi AA 24
Madhya Pradesh Sidhi Scheduled Caste Kanwar IE 19
Madhya Pradesh Sidhi Scheduled Caste Satnami IE 18
Madhya Pradesh Bhopal Scheduled Caste 4Basor IE 14

Software. Analysis of Molecular Variance
(AMOVA) was also carried out for both Y-SNP
and STR data using ARLEQUIN 3.01 software
(Excoffier etd. 2005).

RESULTSAND DISCUSSION

Several tribes have adopted other languages
from juxtaposed communities (Diamond and
Bellwood 2003). The hypothesis that Mushar
have shifted their language from Austro-Asiatic
to Indo-European hasbeen well supported (Opler
and Shukla 1968; Sharma 1998; Mishra 2001;
Sinha. 2002). However, the genetic datahave not
been hitherto examined to determine if they had
only shifted their language, not the genes. The
mtDNA data analysis of Mushar population
revealed a haplotype sharing with both Austro-
Asiatic and Indo-European speakers. However,
they share most of the haplotypes with Austro-
Asiatic populations(Fig. 2). ThemtDNA pool of
the Mushar population comprises of several
indigenous haplogroups which are typical to
SouthAsia. TheAustro-Asiatic (Mundari) specific
haplogroups such asM40a, M45, R7 and R6aare
also more frequent in the Mushar population and
theseareexclusively shared with the surrounding
Austro-Asiatic populations considered for this
study (Fig. 2). Most of the Indo-European samples
don’t share haplotypes with either the surround-

ing Austro-Asiatic or Mushar populations. TheY
SNP tree also shows that as in the case of
neighbouring Austro-Asiatic populations, O2a
(M95) is the most frequent haplogroup in the
Mushar populations (Fig. 3).

To determine whether the overall gene pool
of Mushar istruly closer to Austro-Asiatic rather
than to Indo-European-speaking populations in
South Asia, we have constructed the haplogroup
frequency based PCA plot for both mtDNA and
Y chromosome markers (Fig. 4). Indeed, this
analysis shows unambiguously that the Mushar
population clusters with the Austro-Asiatic
populations both in the mtDNA and Y chromo-
somal PCA plots. The major contributor
haplogroups of mtDNA PCA plot of Mushar and
Augro-Asatic cluster areM40a, M45, R7 and R6a.
The Analysis of Molecular Variance (AMOVA)
based on mtDNA and Y-SNPs (Table 2) suggests
that theMushar isquitesignificantly differentiated
from the Indo-Europeans (F,=0.082 and 0.353 for
mtDNA and Y chromosome, respectively), amost
four-fold greater than its differentiation from the

Table 2: The Analysis of Molecular variance (AMOVA)
result

mtDNA  Y-Chromosome
Fst

Mushar VS Austro-Asiatic  0.025 0.082
Mushar VS Indo-European 0.082 0.353
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Fig. 2. The mtDNA network diagram of Mushar population with neighbouring Austro-Asiatic and
Indo-European populations. This tree was drawn manually taking into account coding region as well
as control region substitutions. Circle sizes are proportional to number of samples in the haplotype.

Recurrent mutations are underlined.

Austro-Asiatic populations (F¢,=0.025 and 0.082
for mtDNA and Y-chromosome, respectively).
We have also compared the haplogroup
sharing for mtDNA and Y chromosome between
all thethree groups (Mushar, Austro-Asiatic and
Indo-European). Both in the case of mtDNA and

Y chromosome, the Mushar and Austro-Asiatics
share the common genetic features when
compared with the Indo-European speakers (Fig.
5). It has been suggested that a caste having the
same name may have different genetic makeup at
different geographical regions (Karve and
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Malhotra1968; Maumder 2001). Totest thisresult
inthetribal population we compared the haplotype
sharing among Mushar sub-populations collected
from different geographical areas(Table 1, Fig. 1,
5). The largely uniform distribution of different
haplogroups of mtDNA and Y chromosome
suggest acommon paternal and materna origin of

these groups even though they inhabit distant
geographic regions.

The most probable explanation of language
shift in Mushars from Austro-Asiatic to Indo-
European istheloss of their traditional lifestyle
as hunters-gatherersin asurrounding, wherethe
agricultural land has been the property of Indo-
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Fig. 3. The most parsimonious tree of Y chromosomal haplotypes of studied populations
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European speaking communities. Asthey had to
work in the fields owned by Indo-European-
speaking people, it became advantageoustolearn
the language of the land-owners, possibly also
linked to enhanced social prestige and desire for
socioeconomic advancement. Equally impor-
tantly, children started to receive school education
inan Indo-European language, facilitating gradual
language shift over the generations.

To conclude, our study revealed close genetic

(1]
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affinity among geographically divided sub-
populations of Mushars who in turn share a
common gene pool with neighbouring Austro-
Asiatic populations as a predominant charac-
terigtic of their haploid genetic background. Hence,
in this particular case study on Mushars, one
observes that their genetic heritage is in accord
with the data provided by independent historical
and linguistic knowledge. However, wenoticethat
there are numerous cases, where historical
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Fig. 4. The Principle component (PC) analysis based on mtDNA (upper pan) and Y chromosome (lower
pan) haplogroups frequencies in South Asian studied populations. Notably, the Mushar population is
clustered with Austro-Asiatic (Mundari) speaking populations.
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linguistic knowledgeis either absent or doubtful;
for example, Oraon, Tharu, Lodha, Savara, Bonda,
Mahali and several other populations of India
which are of unclear or disputed linguistic origin.
The analysis presented here suggests that recent
rapid progress in the understanding of haploid
genetics of the speakers of al major linguistic
familiesin SouthAsamay offer insightshelpful in
thereconstruction of their putative past linguistic
affiliation.
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