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ABBREVIATIONS

AMH anatomically modern human(s)

bp/kbp base pair/thousand (kilo) base pairs

hg(s) haplogroup(s)

HVS-I/HVS-II  first/second hypervariable segment of mtDNA
KYA thousand (kilo-) YBP

LGM Last Glacial Maximum

MRCA most recent common ancestor

mtDNA mitochondrial DNA

np(s) nucleotide position(s)

PCR polymerase chain reaction

RFLP restriction fragment length poymorphism
MYA million (mega-) YBP

MSY male specific region of Y-chromosome
NRY non recombining region of Y-chromosome
OOA out-of-Africa

SwW southwest

YBP years before present

Definitions of basic terms, used in current dissertation

Haplotype (= lineage) mtDNA sequence type with characteristic polymorphisms

Haplogroup

Founder haplotype

Coalescence time
Phylogeography

Star-like phylogeny

Pleistocene
early
middle
late

that encompasses all identical sequences

in mtDNA and Y-chromosome phylogenetic studies:
monophyletic cluster of haplotypes (clade) sharing
characteristic defining sequence polymorphisms

common ancestral haplotype to which all haplotypes
under concern coalesce to

coalescent time estimate to MRCA

the genealogical study of the spatial distribution of
lineages

phylogeny of a set of sequences that mostly (or all) share
their MRCA in the same haplotype; a tree with (virtually)
no internal branches

1.8(6) MYA — 10 KYA

1.8 MYA — 730 KYA

730-130 KYA

130-10 KYA From the last (Eemian) interglacial till
Holocene



I.INTRODUCTION

Last year witnessed a momentous occassion in history, the 200" birth anniver-
sary of Charles Darwin. Despite India's vast biological diversity, Darwin never
visited Indian subcontinent but his theory of evolution and natural selection
applies worldwide. The publication of Darwin’s Origin of species in 1859 can
be said to be symbolic of the beginning era of evolutionary studies. In his book,
Darwin laid out the remarkable evidence demonstrating evolution at different
levels in organisms and propounded natural selection as a mechanism that
drives diversification and complexity in nature. The Decent of Man is famous
for his contribution to the hypothesis of sexual selection, but the main goal of
the book was to provide evidence that evolutionary principles also apply to
humans suggesting that modern humans can be seen as descended from ape like
common ancestor. Besides this, it is a common question still prevailing — Who
were our ancestors? Where did they orginate from? Which migratory route they
followed and how they lived in varying climatic conditions since thousands of
years? In the last decade, advances in human population genetics and compa-
rative genomics have played an important role in understanding human genetic
diversity and adaptation. Genetic haploid markers such asmitochondrial DNA
(mtDNA) and Y-chromosome (NRY-non recombining region of Y-chromo-
some) have proven to be one of the best tools to learn about the prehistory as
well as to test various models in the course of evolution of modern humans.
Eventually, the rapid progress in human gene mapping has helped us to under-
stand the complex genetic diseases and population divergence at continental and
sub-continental level. It also provided us elementary data for the reconstruction
of the phylogenetic history of Homo sapiens as well as discovery signatures
related to various diseases.

The current dissertation manifests upon the genetic and non-genetic evidence
associated with peopling of South Asia. The review of literature provides an
overview on the current art of knowledge about peopling and landscape of
South Asia. It begins with an elementary knowledge about common haploid
DNA markers widely used in phylogeographic studies i.e. mtDNA and Y-
chromosome. In the subsequent chapters linguistics, archaeology, physical
anthropology, cultural anthropology, history, palacoanthropology and genetic
studies along with social structuring is reviewed to visualize the complex
prehistory of South Asians. The controversial origin of Austroasiatic speakers is
discussed in next chapter. Last part features a glimpse of newcomer i.e. whole
genome analysis (WGA) approach applied recently to study the fine-scale
genetic structure. Finally, the results of present study are discussed with key
conclusions.



2. LITERATURE SYNOPSIS

2.1. The fundamental aspects of mtDNA and
Y-chromosome, in the light of phylogenetic studies

2.1.1. Structure and importance of mtDNA

Human genome comprises of two independent components: First is a sexually
inherited complex nuclear genome, which accounts for 99.9995% of total ge-
netic information while; the second is a simple clonally inherited mitochondrial
genome, which covers the remaining minor part. Every human cell has the
“second” genome, found in the cell's energy-generating organelle, the mito-
chondrion. Mitochondria are mostly known for their role as cellular power
plants i.e., the production of ATP through oxidative phosphorylation mecha-
nism. Mitochondria generate most of the ATP used to drive cellular reactions
that require an input of free energy. Mitochondrial DNA (mtDNA) was first
recorded by electron microscopy in 1963 (Nass and Nass, 1963). The human
mitochondrial genome is defined by a single type of circular double stranded
molecule of 16569 (later 16568 see Andrews et al., 1999) bases. (Anderson et
al., 1981; Andrews et al., 1999). Human mtDNA consists of 37 genes, most of
which are involved in production of energy and it’s storage in the form of ATP.
It encodes 13 mRNAs, 22 t-RNAs and 2 rRNAs. NDI-ND6 and ND4L encode
seven subunits of complex I (NADH-ubiquinone oxidoreductase). Cyt b en-
codes complex III subunit (ubiquinolcytochrome ¢ oxidase reductase). COI-
COIII encode for three of the complex IV (cytochrome ¢ oxidase, or COX)
subunits, and ATP 6 and ATP 8 genes encode for two subunits of complex V
(ATP synthase). Two ribosomal RNA (rRNA) genes (12S and 16S rRNA) and
22 transfer RNA (tRNA) genes are interspaced between the protein-encoding
genes. These provide necessary RNA components for intramitochondrial
protein synthesis (for more details about mtDNA structure and function, see
Chinnery, 2006). MtDNA has two strands, a guanine rich heavy (H) strand and
a cytosine rich light (L) strand. The heavy strand contains 12 of the 13 poly-
peptide encoding genes, 14 of the 22 tRNA encoding genes and both rRNA
encoding genes (Anderson et al., 1981; Andrews et al., 1999). MtDNA has high
substitution rate, almost 10 times higher than nuclear DNA (Brown et al., 1979;
Haag-Liautard et al., 2008) and relatively higher in non-coding control region.
MtDNA is a pivotal tool in evolutionary, population genetics and molecular
ecology. Unlike nuclear genome, mitochondrial genome has no proof reading
mechanism. Hence, when mutations occur they are passed on as such to the
following generations without any repair or recombination. Besides this, there
are many mitochondria in each cell and those with disadvantage are eliminated
through intracellular competition. Within a cell, all copies of mtDNA are gene-
tically identical and this genetic state is known as homoplasmy. Mutations and
mating generate mtDNA heterogeneity, which is called heteroplasmy. Homo-
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plasmy is the basic genetic state of mitochondria, where all the hundreds to
thousands of mtDNA copies within a cell or an individual have the same
nucleotide-sequence (Birky et al., 1978). It was recently found that vegetative
segregation can be used to generate homoplasmic cells by an active process
under genetic control (Battersby et al., 2003). Vegetative segregation efficiently
removes heteroplasmy at mitosis, leading to the early assumption that indi-
viduals generally have only one mtDNA haplotype (homoplasmy) (Birky et al.,
1978). 1t is also facilitated by other mechanisms, such as selection (Rispe and
Moran, 2000) and mitochondrial bottleneck (Bergstrom and Pritchard, 1998;
Roze et al., 2005). Although, mitochondria have their own genome, it produces
only a small proportion of its own proteins, rest of them are encoded by nuclear
DNA and imported from cytosol. While each cell contains only two copies of
any unique nuclear DNA (one of the paired chromosomes), there are thousands
of copies of a given mitochondrial DNA per cell. During fertilization, a sperm
cell contributes its nuclear genome, but not its mitochondrial genome to the egg
cell (for an alternative argument see White et al. 2008). As a result, the mito-
chondrial genome of the zygote is determined exclusively by that originally
found in the oocyte. The mitochondrial genome is therefore maternally inherited
(Giles et al., 1980; Stoneking and Soodyall, 1996) and does not undergo any
genetic reshuffling (Olivo et al., 1983; Merriwether et al., 1991; for more details
about recombination in mtDNA genome, see Macaulay et al., 1999; Metspalu,
2005; Breton et al., 2007; White et al., 2008; Neiman and Taylor, 2009). Such
specific mode of inheritance makes it a unique tool for studying human origin
and migration (Cann and Wilson, 1983; Cann et al., 1987; Cann, 1994; Redd et
al., 1995; Cann, 2001; Kivisild et al., 1999a,b,2002,2005; Palanichamy et al.,
2004; Metspalu et al., 2004; Thangaraj et al., 2005a,b; Macaulay et al., 2005;
Friedlaender et al., 2005; Olivieri et al., 2006; Hudjashov et al., 2007; Behar et
al., 2008a; Soares et al., 2010; Ref. I-1V).

Everyone carries with them a ‘more or less’ exact copy of mtDNA from their
mother and their maternal grandmother and so forth for countless generations.
The term ‘more or less exact’ is the key to scientists involved in solving the
mystery of human origins. That’s because like all DNA, mtDNA is subject to
random mutations over the generations. As these mutations are passed on intact
to next generation, they in effect become ‘genetic id’ of family genealogy. For
making such genealogy one should have the precise knowledge about the
sequence variability of mtDNA. In a mtDNA molecule there are three hyper-
variable segments one to three- (HVS I-III; nps: 16024-16365, 73-340 and
438-574 respectively). The high number of nucleotide polymorphisms or se-
quence variants in the three hyper variable fractions of the non-coding control
region can allow differentiation among the individuals (Greenberg et al., 1983;
Wilson et al., 1993; Lutz et al., 1998). These regions are also collectively
known as the Displacement-Loop (D-Loop) region because H-strand replication
often pauses a few hundred base pairs after it’s initiation, resulting in a structure
consisting of the nascent H-strand associated with its template and displaces
third single strand (Chinnery, 2006). The D-loop region is considered to be the
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most rapidly evolving art of mtDNA which accumulates base substitutions,
insertions or deletions at a rate considerably faster than that of single copy
nuclear DNA. In the human D-loop region, the estimates of the rate of sub-
stitution were found to range between 2.8 (Cann et al., 1984) to 5 times
(Aquadro and Greenberg, 1983) the rate of the rest of the mtDNA.

The phylogeographic structuring of the human mitochondrial DNA variation
has provided a genetic approach to study the modern human dispersals through-
out the world through the female perspective. Variation between two different
mtDNA sequences is greatly due to a mutational event rather than recombi-
national rearrangements. As time passes, mutations accumulate sequentially and
quite often also recurrently along less and less related molecules that combine to
form independent lineages known as haplotypes. Most broadly, mtDNA
variation has been studied in humans because of its relevance in understanding
human evolution, population dispersals, adaptation and in terms of the role that
mtDNA mutations play in human diseases (Ballinger et al., 1992; Torroni et al.,
1993; Watson et al., 1997; Macaulay et al., 1999; Quintana-Murci et al., 1999;
Kivisild et al., 1999a,b,2002,2003a,b; Richards et al., 2000; Endicott et al.,
2003; Thangaraj et al., 1999,2003a,2005a; Kong et al., 2004; Bandelt et al.,
2007a,b; Palanichamy et al., 2004; Metspalu et al., 2004; Sun et al., 2006,2007;
Behar et al., 2008a,b; Chandrasekar et al., 2009; Ref. I-1V).

2.1.2. Structure and importance of Y-Chromosome

The Y-chromosome is male-specific, 60 megabases (Mb) in size linear mole-
cule, but has the least number of genes in comparison to any other chromosome
(Jobling and Tyler-Smith, 1995). It is the smallest human chromosome and
consists of a short (Yp) and a long (Yq) arm. Of the 27 Y-chromosome genes
identified, 9 are located on the Yp and the remaining 18 are on Yq (Skaletsky et
al., 2003). The human Y-chromosome plays an important role in sex deter-
mination as well as male fertility and it is widely used in infertility, population
genetics, forensics and genealogy research. The unique properties of the Y-
chromosome are a consequence of the evolution of sex chromosomes in mam-
mals. The sex chromosomes have evolved from a pair of autosomes within the
last 300 MYA (Ohno, 1967; Skaletsky et al., 2003; Jobling and Tyler-Smith,
2003; Hughes et al., 2010). A barrier to recombination developed between these
‘proto’ sex chromosomes, isolating the sex-determining regions and eventually
spreading throughout the two homologues. In this process, the original func-
tional elements have been conserved by the X-chromosome, but Y-chromosome
has lost almost all traces of the ancestral autosome, including the genes that
were once shared with X-chromosome. In the absence of recombination, the
accumulation of mutation events led to the degeneration of the Y-chromosome
(Skaletsky et al., 2003). Genes known on the human Y-chromosome have been
shown to be remnants of genes that were present on the ancient proto-sex
chromosome in mammalian genomes and a massive loss of genes from the
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proto Y-chromosome was proposed (Charlesworth, 1996; Charlesworth and
Charlesworth, 2000). Most of the parts of the Y-chromosome are largely inert
and have been shown to have relatively small functional genetic content, con-
cordant with ideas about degeneration of Y-chromosome (Charlesworth, 1996).
In other words, genes transposed to the NRY region of the Y-chromosome are
vulnerable to degeneration in their later generations. The recombination
suppression mechanism in Y-chromosome promotes its gradual degeneration
which is a common feature of non-recombining sex chromosomes (Steinemann
and Steinemann, 1998; Charlesworth and Charlesworth, 2000). However, more
recent comparison of human and chimpanzee Y-chromosomes revealed that the
human Y-chromosome has not lost any genes since the divergence of humans
and chimpanzees between 6—7 million YBP (Rozen et al., 2003; Hughes et al.,
2010).

In addition to sex determination, Y-chromosome plays an important role in
spermatogenesis (Sun et al., 2000; Skaletsky et al., 2003; Repping et al., 2002,
2003; Fernandes et al., 2002, 2004, 2006; Thangaraj et al., 2003b). Micro-
deletion of Y-chromosome, removing the azoospermia factor (4ZF a, b and c)
regions, were found to be responsible for the most frequent genetic cause of
spermatogenetic failure, which accounts for 8-15% of the male infertility
(Skaletsky et al., 2003; Thangaraj et al., 2003b; Repping et al., 2003; Fernandes
et al., 2004). Deletion in the AZF¢ region mapped on the distal Yql1 is the most
frequent abnormality associated with spermatogenic failure (Kuroda-Kawaguchi
et al., 2001). The DAZ (deleted in azoospermia) gene is a strong candidate gene
for spermatogenesis, isolated within this region, has a RNA binding domain and
is found to be transcribed exclusively in the testicular germ line (Reijo et al.,
1995; Saxena et al., 2000). Mutations in DAZ gene are associated with 13% of
cases of human male infertility and 10%—15% of azoospermic men have shown
complete deletion of DAZ gene (Poongothai et al., 2009). The DAZ gene has an
autosomal homolog (DAZL) located on the short arm (p24) of the chromosome
3 (Saxena et al., 1996). Both DAZ and DAZL play an important role in germ cell
development (Ruggiu et al., 1997; Eberhart et al., 1996; Slee et al., 1999; Reijo
et al., 2000).

Numerous polymorphic systems have been used to discuss the issue about
human origin. Each has its own shortcomings- all autosomes including X
chromosome (as well as pseudoautosomal region of Y-chromosome) have
multiple ancestors because of genetic reshuffling. Thus, such unlinked poly-
morphism systems are often prone to processes which rapidly wipe out un-
equivocal molecular signature of the past. Mainly three types of polymorphisms
(indels, SNPs and microsatellites) are widely used to study the Y-chromosomal
phylogeography of world (Hammer et al., 1998; Underhill et al., 2000;
Underhill et al., 2001; Jobling and Tyler-Smith, 2003 and references therein)
viz. indels, SNPs and STRs. Indels are insertions or deletions at particular
locations on the chromosome, e.g. YAP (Y-chromosome Alu Polymorphism)
(Hammer et al., 1998). SNP’s are single nucleotide polymorphisms in which a
particular nucleotide is changed. They also are known as unique event poly-
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morphisms (UEP). STR’s are the short sequences of nucleotides (mainly tri or
tertanucleotide), which are repeated over and over several times in tandem.
Because of the lack of recombination almost all indels, SNPs and micro-
satellites on Y chromosome are linked to each other. Such linked poly-
morphisms form the basis of haplotype definitions which are most commonly
subject to the study of genetic differentiation of human populations. The extant
distribution of Y-chromosomal haplotype diversity is being increasingly used as
a tool for reconstructing the peopling of world by modern humans, from a male
perspective (for reviews, see Underhill et al., 2001; Jobling and Tyler-Smith,
2003; Underhill and Kivisild, 2007). Major advancements in this field derive
from (i) the discovery of many single nucleotide polymorphisms (SNPs) and
biallelic indels; (ii) the possibility of investigating further level of diversity
determined by multi allelic simple tandem repeat loci (STRs).

The biological consequences of male specific chromosome (MSY) evolution
in human Y-chromosome accounts for the intense interest of biologists in recent
decades (Underhill et al., 2000,2010; Jobling and Tyler-Smith, 2003; Jobling et
al., 2004; Repping et al., 2006; Underhill and Kivisild, 2007; Karafet et al.,
2008; Xue et al., 2009a; Hughes et al., 2010). UEP (Unique Event Poly-
morphism) of Y-chromosome is of greatest importance in evolutionary studies
due to combination of several factors viz. low mutation rates, non recombining
nature, paternal transmission and smaller effective population size which is one-
fourth the number of autosomes, thus enhancing genetic drift and founder
effect. Evolutionary forces have shaped the behavior and structure of the Y-
chromosome in many other ways, influencing features such as repeat content,
mutation rate, gene content and haplotype structure. The non recombining
region (NRY) region of human Y-chromosome conserve compound haplotype
information over time scale spanning prehistory of modern humans (Underhill
and Kivisild, 2007 and references therein). Y-chromosome nucleotide changes
(SNP) have low mutation rates and therefore are interpreted as unique event
polymorphisms (UEP). These markers display geographical localization, tracing
back to the origin and thus making them the best tools to measure the extent of
male geneflow.

Here, we see that the non-recombining part of Y-chromosome sustains a
record of mutational events that have occurred along the paternal lineages
throughout the evolution. Similar to mtDNA, the change in Y-chromosome also
takes place due to mutation, and doesn’t involves complex reshuffling, that
occur in other chromosomes, therefore, preserving a simpler record of its
history. Y-chromosome carries a wide spectrum of mutations i.e. chromosomal
changes that occur from generation to generation and which can be used as site
or sequence specific markers.
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2.1.3. Matrilineal and patrilineal common ancestors

Assuming an ideal population having equal number of females and males, the
effective population size varies at different loci. For example, in case of mtDNA
and Y-chromosome the effective population size remains quarter of autosomes
and there are three copies of chromosome X for every four autosomes. The
mechanism of transmission of genetic material to the next generation varies for
autosomes and mtDNA/Y chromsome. When DNA is passed from one gene-
ration to the next, most of it is reshuffled by random processes (such as
recombination-random mixture of chromosomes) which make each person
unique from his or her parents as well as from their siblings. In this mode of
inheritance, the amount of DNA shared by an ancestor decreases generation by
generation according to the Mendelian laws. The size of the fragment shared by
more distant relative thus is smaller. Close relatives share larger fragments of
DNA from a common ancestor. Some unique DNA, however, remain intact
while passing from one generation to other. One of these is mtDNA, transmitted
only from mother to child and allocates both men and women to trace their
maternal lineages. Second is Y-chromosome (i.e. MSY), which is passed only
from father to son. Since DNA in Y-chromosome does not recombine with
other DNA, it is like a genetic surname that allows men to trace their paternal
lineages. Therefore, the power of mtDNA and Y-chromosome analyses is
derived from a relatively high mutation rate and the apparent simplicity of
inheritance (without recombination), which has simplified modeling of popu-
lation history in comparison to analysis of nuclear DNA. Unlike mtDNA and
MSY region of Y-chromosome, where an individual has a single ancestor, X-
chromosome and autosomes both have multiple ancestors and provide a broader
picture of an individual's heritage rather than a trail of specific ancestry.

In search of autosomal ancestor(s), using Monto Carlo simulations, it was
estimated that all people presently living in this globe share a most recent com-
mon ancestor (MRCA) dated to 1415 BC (i.e. 3425 years), and any individual
who lived 5353 BC (i.e. 7363 years) or earlier, can be considered ancestor to
everyone on this planet as well as an ancestor to at least one individual living
today (Rohde et al., 2004 and references therein). But an individual living now
receives little or no real genetic inheritance from the majority of the ancestors
because of decreasing smaller proportions of DNA segment from generations to
generations in the genealogy (Wiuf and Hein, 1997). Nevertheless, because of
its unique pattern of inheritance, mtDNA and Y-chromosome are only infor-
mative about a small fraction of ancestors coming directly throughmaternal and
paternal line. The numbers of such ancestors are significantly less as compared
to autosomal ancestors. But, unlike nuclear DNA, we do inherit the complete
intact form of mtDNA and Y-chromosome DNA from those few ancestors.
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2.1.4. Rate of mutation in patrilineal and matrilineal inheritance

Genetic variation in any organism is a complex process which arises from a
combination of evolutionary forces that consist of successes and failures of
genes on a backdrop of neutral variation shaped by genome instability, mutation
process and demographic history (Oleksyk et al., 2010). Mutations are ele-
mentary units of genetic changes which create the fundamental platform for
evolution. For estimating the mutation rate in any biological process, it is
important to understand several aspects of medical as well as evolutionary
genetics. Estimation of mutation rate offers robust information about the
mutational dynamics in any species or population. Besides this, it is essential to
determine the process of mutation, whether it is due to random genetic drift or
by natural selection (Mishmar et al., 2003; Ruiz-Pesini et al., 2004; Lieberman
et al., 2005; Kivisild et al., 2006a; Thangaraj et al., 2008; Charlesworth and
Willis, 2009; Amato et al., 2009; Lynch, 2010). Signature of selection depends
on type, age and strength of selection events. Natural selection acts in at least
three modes: positive, purifying (also called stabilizing or negative, eliminating
a damaging allele) and balancing selection (including heterozygote advantage
and frequency-dependent selection). Positive selection decreases genetic
variation by favoring an advantageous allele, while purifying selection main-
tains the integrity of functional sequences by eliminating deleterious mutations.
Selection in mtDNA has been explored in several studies (Mishmar et al., 2003;
Kivisild et al., 2006a; Soares et al., 2009; Endicott et al., 2009; Loogvili et al.,
2009). However, there has been little consideration about the possibility of
natural selection acting on male specific Y (MSY) chromosomal SNPs. It has
been reported that MSY has 16 single-copy X-degenerate genes which are
evolutionarily conserved and their pattern of nucleotide variation may help us to
get more information about selective importance of MSY and its role in health
and disease (Skaletsky et al., 2003; Rozen et al., 2009). The rate of mutation in
Y-chromosome is several folds higher than autosomal chromosomes because of
its restriction to the male germ line (Jobling et al., 2004). Previously, mutation
rate estimation of Y-chromosome was done either by phenotypic observations
or by comparisons of homologous sequences among closely related species
(Nachman and Crowell, 2000; Kondrashov, 2003). Recently, the use of next-
generation sequencing technology has yielded a fair rate of base substitution
mutations on human Y-chromosome (for details see Xue et al., 2009a) and
potentially added a new insight into human mutation process.

2.1.4.1. Towards the fine tuning of mtDNA clock

The methods of molecular dating of the most recent common ancestor (MRCA)
of a set of DNA sequences, either taken from within or between species, is of
fundamental importance for the interpretations made from genetic data.
Different methods have relied on calibrations of mtDNA mutation rate based on
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fossil records, archaeological or climatic evidence, and pedigree data. In the
1980s and 1990s, many studies were mainly carried out by sequencing short
fragments of mtDNA, i.e. HVS-I and HVS-II. The commonly used HVS-I
mutation rate of 1.79x107 substitutions/site/year (Forster et al., 1996), was
deduced from the variation in mtDNA haplogroup A2 lineages in Eskimo and
NaDene populations of North America that was assumed to be related to a
population expansion following the Younger Dryas event (12,900-11,500 YBP).
However, it appeared later that the data set which was used for this calibration
included many sequencing artifacts (Saillard et al., 2000) and furthermore, in
the light of the complete sequence data, haplogroup A2, as defined by the
phylogenetically unstable 16111 position, appears to be polyphyletic
(www.phylotree.org). We also know that the mutation rate is not uniform
throughout the whole mtDNA genome and the control region shows on an
average more than five times higher sequence variation than the coding region
(Ingman et al., 2000; for more details see Endicott et al., 2009).

A robust mtDNA substitution rate assessment demands good data quality as
well as characterization of the variation of mutation rates among different
nucleotide positions. Due to advances in sequencing technology increasingly
larger numbers of mtDNA complete genome sequences have become available
over the past ten years. These complete sequence data sets have significantly
improved the molecular resolution of phylogeographic studies (Palanichamy et
al., 2004; Thangaraj et al., 2005a; Sun et al., 2006; Olivieri et al., 2006;
Hudjashov et al., 2007; Chandrasekar et al., 2009; www.phylotree.org; Ref. I—
IV) as well as provided a source for assessing the variation at different
nucleotide positions regarding their functionality (Kivisild et al. 2006a; Soares
et al. 2009; Endicott et al. 2009; Loogvili et al., 2009).

The most widely used mutation rates for human mtDNA complete sequences
are based on interspecies calibrations assuming certain split times of the
humans-chimpanzees clade. Several studies have assumed 6.5 million year old
coalescent time of human and chimp mtDNA lineages (Mishmar et al., 2003;
Kivisild et al., 2006a). In these calculations, 6 million years has been taken as a
consensus estimate for the human—chimp species split (Goodman et al., 1998)
whereas additional 500,000 years has been added as for the MRCA of the
mtDNA lineages within the ancestral species before the split (Mishmar et al.,
2003). More recently, Soares et al. (2009) used a more ancient human-chimp
split time in the calibration of mtDNA mutation rate and as a consequence the
inferred mutation rate is slower. Besides our lack of knowledge about the
precise date of the human and chimpanzee split and the effective population size
of the ancestral population, there are other issues on mtDNA clock calibration
which have been questionedon and again while molecular dating using mtDNA
as a tool. The main concern raised in these studies is about the clock-like
behaviour of mtDNA mutations, including a claim for effectively different
mutation rates operating at inter and intraspecies scale (Ho et al., 2005), and
empirical finding of higher rate of non-synonymous substitutions in Arctic
populations as compared to populations from low latitudes. It was manifested
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that positive selection for mutations disrupting ATP production would explain
their higher frequency in Arctic (Mishmar et al. 2003; Ruiz-Pesini et al. 2004).
Further studies have however failed to support the correlation between latitude
and the proportion of non-synonymous mutations in mtDNA and found instead
the correlation between the age of mtDNA haplogroups and a consistent excess
of non-synonymous mutations consistent with time dependency of purifying
selection (Kivisild et al. 2006a; Stewart et al., 2008; Soares et al., 2009; Loog-
vali et al., 2009).

The exponential decay model of Ho et al., (2005) asserted that mutation rates
differ at intra and interspecies levels and has since then failed to receive any
support (Bandelt et al., 2006; Soares et al., 2009). The recent ML approach
calibration (using both coding and control regions to test the time dependency
of the mutation rate by Soares et al., (2009) and revised synonymous mutation
rate (Loogvili et al., 2009), manifested that saturation at rapidly evolving sites
is likely the reason for discrepancies of mutation rate estimates at different time
scales.

Thus, we conclude from above chapters, the general structure and possible
role of mtDNA and Y-chromosome in inferring the population prehistory,
coalescent times and their dispersal events. Due to their uniparental inheritance,
they contain less information about an individual’s ancestor in comparisonto
nuclear DNA. However, since it is passed from generation to generation without
recombination, they are the most potential source of information for going back
to several generations. The frequency and occurrence of different haplotypes
can be used to distinguish populations and to shed light on sub-structures within
a population and to study inter and intra population variation (see in later
chapters). Some of the chapters, such as recombination in mtDNA and detailed
structure of human Y-chromosome and mtDNA have already been discussed
extensively in earlier PhD theses from our department (Kivisild, 2000a; Tam-
bets, 2004; Rootsi, 2004; Metspalu, 2005), hence it hasn’t been elaborated here.

2.2. South Asia: Some General facts

‘South Asia’ term allocates to the Southern geographic region of the Asian
continent comprising political territories of India, Pakistan, Sri Lanka, Nepal,
Bangladesh, Bhutan and the Maldives (Fig. 1a). India, Pakistan and Bangladesh
making up the bulk of the subcontinent, Nepal and Bhutan are the Himalayan
states while the Indian Ocean Island States are Sri Lanka and the Maldives. The
other synonyms of South Asia are Indian subcontinent, Bharatavarsha,
Southern Asia and SAARC (South Asian association of regional cooperation)
countries. It is surrounded by Iranian Plateau from the west, the Himalayas from
the north and east and Indian Ocean from south. The Hindu Kush Mountain
range that runs through Afghanistan and northern Pakistan is usually considered
the northwestern edge of the subcontinent. South Asia ranks among the world’s
most densely populated regions with 1.6 billion human inhabitants living in the
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area of 4.43 million square kilometers (Fig.1b). Physically, South Asia can be
divided into three parts-the Himalayas, the Indo-Gangetic-Brahamaputra plains
and the Central Indian-Deccan plateau (Fig. 1a). The North is enclosed by the
great arc of Himalayas. The mountains that extend west from the Himalayas
into the Hindu Kush, enclose the low-lands of Pakistan and Afghanistan. The
Himalayan range also dominates the two Himalayan states of Nepal and Bhutan
apart from the most parts of northern India. To the South of these ranges lie the
alluvial plains of the Indus, the Ganga, and the Brahmaputra embracing the
most fertile region of Pakistan, India and Bangladesh. This region offers a
living place to more than half of South Asian populations. However, there are
some exclusive regions with very thin population density, for example the Thar
Desert, the Himalayan Mountains, the Karakoram and the Hindu Kush region.
South Asia has land connection in the north, northeast and northwest which
facilitates population movements. Thus, the variation in climate and various
land forms in South Asia aid in bringing about the most remarkable variation in
flora and fauna. Understanding the interactions of society and studying about
different populations residing in a region with more than a billion people living
on just 2.3% of the global land mass may offer insights on perils and promises
of times ahead.

Throughout its prehistory and history, South Asia has been a land of various
ethnic groups, languages and cultures. The geography of South Asia is, of
course, partly tropical and densely populated. The written phase of history,
covering a mere two millennia, includes numerous accounts of invasions into
the subcontinent and gives evidence of a multitude of cultural contacts of India
with its close or more distant neighbors. There are reasons to believe that such
contacts and interactions extend to a far longer prehistoric period of the region.
Therefore, it is not surprising to find Indian population genetically and socio-
culturally highly diverse as of today. Since the castes, tribes, and religious
communities which formulate this subcontinent, are so numerous and diverse
that one need to look at the multitude effects of geography and history, effects
that have persisted throughout the centuries, to understand the diversity. Present
Pakistan and northern India refer to the area of longest Muslim impact, Sri
Lanka, Bhutan and northeast India are the Buddhist lands in the subcontinent
and Bangladesh differs from West Bengal mainly in its higher number of
individuals of Muslim ethnicity. There is a fundamental resemblance in various
rituals practiced by people in different regions and therefore, shared ritual
patterns can account for some unity among the varieties of the religious beliefs
that we can see in South Asia over a long period of time. There is a popular
saying which every Indian hears from his/her grandparents that “Kos Kos par
badle paani, teen Kos per baani” meaning at every one mile taste of water
changes and at every three miles dialect and this aptly characterizes the
variation dynamics of language and dialect within the subcontinent.
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The climate of this vast region varies considerably, from tropical monsoon in
South to temperate in North. During upliftment of Tibetan plateau and its
surrounding ranges, tectonic processes have interacted with climatic changes
and with local random events (such as landslides) to determine the development
of the major river systems of South Asia. The mountain ranges and Indian
Ocean isolate South Asia from rest of Asia. Indian peninsula is covered by the
Himalayan range from the North and East and Western Ghats and Eastern Ghats
encases it from both the sides providing a strong physical boundary to the
peninsula (Fig. 1). Besides this, India has many other mountain ranges, hills and
river systems flowing across the country. Some of the hill ranges are very old
and are spread across the country. Primarily there are four hill ranges-The
Himalayas together with the northeastern hill ranges, the Aravallis, the Central
Highlands and the Western Ghats. The Himalayas includes the Shiwaliks,
Greater Himalayas, outer Himalayas and the hill ranges like Naga Hills, Garo-
Khasi Hills, etc. The Central Highlands is composed of many ranges like
Vindhya, Satpura, Mahadeo, Rajmahal, etc. Further in the South there is
Western Ghats. In its lower reaches it bifurcates into Nilgiri Hills, Cardamom
Hills, etc. The rivers such as, Ganga, Yamuna, Brahmaputra, Krishna, Kaveri,
Indus and Narmada weave a web of water channel all over the subcontinent.
The fertile bank of these river systems assisted the subsistence of the popu-
lations by providing the elementary needs for a sedentary life.

2.2.1. The major river water systems and
their role in population dispersal

Human society has evolved through a complex system of climate and ecological
niche. Prevailing records suggest an intimate relationship of adaptations, miti-
gation and migrations to climate extremes leaving their impact on human
society (Nufiez et al., 2002). For instance, it has been suggested that increased
aridity in Africa led to the eventual rise of arid-adapted hominids and their
migration to regions with more conducive climate regimes (deMenocal, 1995).
To study the course of human dispersal in South Asia, it is therefore important
to learn the role of major river water systems in hominid and modern human
settlements. Moreover, they are one of the key determining factors for migration
routes and possible two-way dispersal along potential boundaries (Field et al.,
2007). The spatial and temporal variations in the rainfall over South Asia has
led to denotation of water ‘surplus’ and water scarce river basins across the
country (Bandyopadhyay and Perveen, 2002). River courses have also changed
significantly and rapidly. Such course changes influenced greatly the sedimen-
tation and subsidence pattern of the basins. The shifting of these rivers produced
enormous amount of Holocene aged depositions over the earlier Pleistocene
aged ones (Field et al., 2007).

It is evident that presence of water seems to be one the most important
reason for all major ancient human civilizations to develop and flourish along
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major perennial river systems. For example, civilizations in South Asia, Meso-
potamia, and Egypt all developed and flourished along perennially flowing
Sarasvati-Indus, Tigris-Euphrates and Nile river. The Indus valley civilization
(for detail refers to chapter 2.3.4) is developed in South Asia. It was suggested
that during the early Vedic period, the Sarasvati and the Indus were the major
river systems (Mishra, 2001). Rakhigarhi in Haryana and Ganweriwala Ther in
Cholistan are two of the largest Harappan sites which are more than 100
hectares in size and are comparable to Mohenjodaro, exist on the bank of this
holy extinct river Sarasvati (Mishra, 2001). Tumbling down the icy glaciers
from the Himalayas (Himadri) in Northwestern Uttarakhand, Sarasvati flowed
through Haryana, Southern Punjab, northwestern Rajasthan and eastern Sindh
and emptied itself into the Gulf of Kutch (Radhakrishna, 1999; Puri, 2008;
Kalyanaraman et al., 2008; Bhadra et al., 2009). This river was mightier than
the present day Ganga and Brahmaputra (Valdiya, 2008). In ancient Indian
literature this river has been described as a supreme and causative of massive
flood in western parts of India (Rigveda 2.14.6,6.21.2-9,7.95.1). However, the
disappearance of this river is a matter of intensive speculation. The process of
disappearance is extensively studied by scholars and the most widely accepted
model suggests that it is a case of river piracy by branches of the Ganga and
Sindhu rivers (Valdiya, 1996; Puri, 2008; Valdiya, 2008; Kalyanaraman et al.,
2008).

Hence, we cerebrate that natural geographical barriers allowed a restricted
movement of human populations and their local regional expansion in South
Asia. It has been argued that the Thar Desert, the Himalayas, and possibly the
Ganges plain would have provided barriers to hominin, population movement
according to oxygen isotope stage 4 (OIS) (Field and Lahr, 2005; Field et al.,
2007). The geographical barriers not only have affected the transmission of
cultural information within the region but also it would have reduced the
number of routes for populations dispersing from elsewhere into the region
(James and Petraglia, 2005). Such long-term isolation reflects in their genetic
makeup and genepool of populations living in several small pockets diffe-
rentiated with a high degree of separation (Kivisild et al., 2000b,2003a,b;
Thangaraj et al., 2005a; Ref. I-1V). R7 and R8 are paradigms of two such
regional maternal haplogroups, frequent and restricted to a particular geography
(Thangaraj et al., 2009; Ref. IV).
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2.3. Peopling of South Asia
2.3.1. Archaeological and palaeoanthropological evidence

Considering the relevance of South Asia in global human evolutionary synthe-
sis, the amount of archaeological studies done till date is less in comparison to
genetics. The available distinctive archaeological records in South Asia, though
few challenge many of the models and theoretical framework that have emerged
through findings made in other continents (Allchin, 2007; Petraglia et al., 2007).
The modern human occupation in South Asia has been suggested just after the
African exodus, however, there is scarcity of fossil evidence due to unfavorable
climate for the process of fossilization (James and Petraglia 2005). The archaeo-
logical support for coastal route is elusive, probably due to rise in sea levels
after the LGM (last glacial maximum) which would have submerged the
settlement (Field et al., 2007). Nevertheless, the presence of lithic components
throughout the region indicates occupation of the subcontinent by hominid
populations during late Pleistocene period (Kennedy, 2000; Mishra, 2001). The
earliest tools, comprising simple cores and flakes, have been reported from the
Siwalik hills at Riwat, near Rawalpindi in Pakistan and have been dated to 200
KYA on the basis of magnetic polarity stratigraphy (Dennell et al., 1992). The
hominin presence at Narmada river basin appears to have occurred since the
Middle Pleistocene (Patnaik et al., 2009). An alternate view however suggests
the absence of early humans in the subcontinent during this period (Dennell,
2007). This view still, is not convincing given the evidence of hominin occu-
pation in early Pleistocene time (Dennell and Roebroeks, 2005; James and
Petraglia, 2005; Patnaik and Chauhan, 2009). The oldest and only known fossil
hominid in India was a partial cranium recovered from Hathnora in the
Narmada Basin, Central India (Sonakia, 1984). It’s age was calibrated by faunal
correlation to ca. 300,000-250,000 YBP (Kennedy, 2000), and taxonomic
affinities to Homo heidelbergensis (Rightmire, 2001). However, the recent
reconstruction dating of calvaria found it considerably younger (160-85 KYA)
and put again a big question mark on Narmada man (reviewed in Patnaik et al.,
2009; Patnaik and Chauhan, 2009; See also Athreya, 2007). Terminal Pleisto-
cene to mid-Holocene human remains has been discovered throughout South
Asia, providing a rich source of information on paleodemography and bio-
cultural adaptations (Kennedy, 2000; Kennedy, 2001). The earliest fossils of
modern humans in South Asia have been unearthed in Sri Lanka at Fa Hien
Cave dated to ca. 31,000 YBP and Batadomba-lena dated ca. 28,500 YBP
(Deraniyagala, 1984). The association of South Asian microlithic industries at
sites such as, Fa Hien Cave Sri Lanka, Patne and Jwalapuram in India
strengthen the evidence of early presence of modern human in South Asia
(Deraniyagala, 1984; James and Petraglia, 2005; Clarkson et al., 2009). The
human skeletal remains from this site has been extensively discussed elsewhere
(Kennedy, 2000) and so far correspond to the earliest evidence for anatomically
modern Homo sapiens in South Asia.
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The initiation of microlithic technologies provided a highly sophisticated
tool for hunting in human prehistoric times. The patterns of microlithic tools,
however vary widely among continents e.g. Africa (Powell et al., 2009 and
references therein), western Europe (Bar-Yosef and Kuhn, 1999), Australia
(O’Connell and Allen, 2007), and South Asia (Petraglia et al., 2009), which
provides evidence for innovative skills of Homo sapiens and also adds another
milestone towards independent social convergent evolution. Archeological stu-
dies on African microlithic tools suggested emergence of complex technologies
offering greater technological flexibility, as well as more sophisticated hunting
strategy and planning abilities (Ambrose, 2008; Powell et al., 2009). Similar but
independent technological innovation has also been reported in recent
archaeological discovery made in South India which signifies that systematic
production of small, retouched stone blades was common there by ~28-32 KYA
(Petraglia et al., 2009). Such technological innovation can be significantly as-
sociated with Late Pleistocene indigenous population expansion in South Asia
(Petraglia et al., 2009). The recent discovery from the Jurreru River Valley
indicates a rapid and systematic development of microlithic technology across
South Asia dating to 35-28 KYA (Petraglia et al., 2009; Clarkson et al., 2009).
The discovery of microlithic technology by modern humans in South Asia revo-
lutionized their subsistence, facilitated them to survive in adverse conditions
and sustain large population size (who have exploited natural resources in
contracting favorable ecological niche just before the onset of LGM) (Petraglia
et al., 2009; Clarkson et al., 2009).

Nearly all the rock-shelters in India occupied by the Upper Paleolithic and
Mesolithic people, and many others as well, contain rock-paintings depicting a
variety of subjects mainly animals or scenes including both human and animals
(Mishra, 2001). These rock-paintings are distributed across the length and
breadth of the subcontinent. They have been found in Chargul in Northwest
Pakistan to Orissa in the East and from Kumaon hill in the North to Kerala in
the South. Some of the important rock painting sites are Murhana Pahar in Uttar
Pradesh, Bhimbetka, Adamgarh, Lakha Juar in Madhya Pradesh and Kupagallu
in Karnataka. The occurrence of hematite pieces found in the occupational
debris of Upper Paleolithic and Mesolithic periods conclusively proves that
these paintings were made by the occupants of those caves and shelters (Mishra,
2001). Animals were the most favourite subjects of these paintings depicted
either alone or in small and large groups shown in various poses. One of the
examples is illustration of hunting of the rhinoceros by the Adamgarh group of
rock shelters, indicative of large number of people joining hands for the hunt of
a bigger animal. The animals are drawn in bold outline and the bodies are some-
times filled in completely or partially with cross-hatching. Examples of all such
methods can be seen among the drawings of animals in the caves or rock-
shelters at Morhama Pahar in Uttar Pradesh, Bhinbetka (Mishra, 2001), and
Adamgarh in Madhya Pradesh. Besides animals, birds and fishes have also been
depicted. Depiction of human figures in rock-paintings was also quite common.
These are in simple outline forms as well as with hatched body. These paintings
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also demostrate common man involved in various activities such as dancing,
running, hunting, playing games and battle. A summary of South Asian
prehistory based on archaeological findings in chronological order is provided

below

in table 1. (Mishra, 2001; James and Petraglia, 2005; Allchin, 2007,

Patnaik et al., 2009)

Lower Palaeolithic

Named after the river Soan (a tributary of Indus river). Reported at a number of sites in the Siwalik hills in

Sohanian Culture northwest India and Pakistan. Dated interglacial (400,000-300 B.C.) to the end of the Pleistocene period.

First effective colonization of the subcontinent. The remains extensiverly dispersed from the Siwalik hills in
the north to areas near Chennai in the south. Acheulian hunter-gatherer populations adapted themselves to a
wide variety of ecozones. Sites are particularly densely concentrated and are richer in central India and the
southern part of the Eastern Ghats. Climate was essentially semi-arid but it fluctuated several times between
cool and dry and warm and wet. In peninsular India, Acheulian artefacts are usually found buried in boulder
and pebble gravels of the Chambal, Son, Mahanadi, Narmada, Godavari and Krishna rivers and their
tributaries. Tool assemblages comprise choppers, chopping tools, polyhedrons, spheroids, discoids, handaxes,
cleavers, scrapers, denticulates, notches, flakes, blades and cores. Dated to lower Pleistocene i.e. between 2.0
and 0.7 million years.

Acheulian culture

It has been argued that the Acheulian and Sohanian populations inhabited distinct environments, the former occupying the flat surfaces of the

Siwalik fron

tal range and the latter the valleys of the Himalayan flank.

Middle Palaeolithic

Developed during the upper Pleistocene, A period of intense cold and glaciation in the northern latitudes. In western Europe, the
Near East, north Africa and central Asia, the middle Palaeolithic culture is associated with the physical remains of Neanderthal
man. Populations occupied the same regions and habitats as the preceding Acheulian populations. Tools were primarily made on
flakes and blades. They comprise side scrapers of various types, end scrapers, denticulates, notches, points and borers. Several
thermoluminiscence and Th230/ U234 dates from 16R dune profile at Didwana range from 150,000 to 100,000 B.P. Over twenty
radiocarbon dates obtained mostly on shell and bone from sites in the northern Deccan and central India range from 40,000 to
10,000 B.P. This shows that middle Palaeolithic assemblages persisted over a long period of time from the terminal middle
Pleistocene to the greater part of the upper Pleistocene.

Upper Palaeolithic

Developed during the later part of the upper Pleistocene. Climate was characterized by extreme cold and aridity in the high
altitudes and northern latitudes. Human populations were faced with restricted food resources. Vegetation cover over most of the
subcontinent thinned out. The discovery of ostrich egg shells at over 40 sites in Rajasthan, Madhya-Pradesh and Maharashtra,
dated by 14C, shows that ostrich, a bird adapted to arid climate, was widely distributed in western India during the later part of
the upper Pleistocene. Excellent archaeological evidence of this period comes from the Belan and Son valleys. Tool assemblages
are essentially characterized by blade and burin tools and show a marked regional diversity with respect to the refinement of
techniques and standardization of finished tool forms.Time considered between 50,000 to 10,000 years ago. Recently, it was
suggested that the late Pleistocene demographic event coincides with a period of ecological and technological revolution in South
Asia. And the emergence of new microlithic technology beginning at 35-30 Kya.

The subsistence economy continued to be based on hunting and gathering. Remarkable growth in human population, attested by
the significantly increased number of sites. First human colonization of the Ganga plains. Technology is primarily based on
microliths. The use of bow and arrow for hunting. The first evidence of intentional disposal of the dead. The advent of
agriculture.

Agricultural expansion and Animal domestication (also known as Neolithic Revolution). Oldest Neolithic site in South Asia is
Mehrgarh. The first animals to be domesticated were dog, cattle, sheep and goat and the first plants to be cultivated were wheat
and barley. Rice and Pig's domestication in East Asia. Emergence of sedentry life and and establishment of villages. Copper
smelting. Social division. Dated 7000BC to 1400BC in South Asia.

Bronge Age | Neolithic |Mesolithig

Dated 3000-1200BC. Addition of tin to copper produced bronze which was a stronger metal than copper. Use of bronze for tools
led to the invention of wheel which revolutionized transport and pottery production. Indus-Valley civilization.

Table 1. Summary of prehostorical events, based on Archaeological discoveries. For more detail see the pioneer work of Mishra
(2001); James and Petraglia (2005); Petraglia et al. (2009,2010); Patnaik et al. (2009) and Clarkson et al. (2009).

25



2.3.2. Impact of environment on population dispersal

The monsoon is one of the major weather determinants on earth, and variation
in its intensity has a widespread socio-economic impact on the flora and fauna
of the subcontinent. For instance, the collapse of civilizations like the Akkadian,
classic Maya, Mochica and Tiwanaku were considered to be related with
persistent multi-century shifts in climate (deMenocal, 2001). It is, hence,
important for South Asia to use paleoclimatic data to examine the variability of
the monsoon at long-term scales. The climatic condition of South Asia varies
greatly from region to region which can be relevant for the understanding
human settlement patterns, barriers in population dispersals, disease and human
adaptations. The upper Himalayan region is filled with glaciers. Then, there are
dry sand deserts in western part of India and Pakistan, which are characterized
by extremes of temperatures ranging from temperatures below 0 °C or even
lower in winters to as high as 52 °C in summers. Certain seasons of the year do
not have any significant rainfall giving rise to dry and arid conditions. The area
between these two vast regions consists of fertile agricultural plains and rivers
stretched for hundreds to thousand miles. Having such a varied ecology, South
Asia is one of the poorly understood region of the tropics, where rainfall is
essentially controlled by the monsoon variability (Gupta et al., 2006). The early
palaeoclimatic study in South Asia has been defined by regional pollen zones
across the arid and the semi-arid regions and five phases of environmental
conditions in northwestern India were proposed (Singh, 1971; Singh et al.,
1973). Further studies have been done on environmental fluctuation since
Miocene and monsoonal shifts during the Pleistocene and marked seasonal
changes in wet and dry periods are thought to have structured hominine,
settlement behaviors (Fig. 2) (James and Petraglia, 2005). A number of studies
also advocate that the South Asia experienced climatic fluctuations which had
significant impact on human population in the region (Bryson and Swain, 1981;
Overpeck et al., 1996; Fleitmann et al., 2003; Gupta et al., 2003; Hong and et
al., 2003; Staubwasser et al., 2003; Sharma et al., 2004; Gupta et al., 2006;
Iyengar, 2009; Patnaik and Chauhan, 2009). Such changing environmental
conditions would have affected the settlement and migration patterns of modern
humans in the subcontinent. The genetic studies also fortifies demographic
expansions at different time scales (Kivisild et al., 1999a,b,2000b,2003a,b;
Endicott et al., 2003a; Metspalu et al., 2004; Sengupta et al., 2006; Petraglia et
al., 2009; Underhill et al., 2010; Ref. LIV).

In South Asia, the folklores, rites, festivals and sowing and harvesting of
crops are closely associated with the changing seasons. Even in the twenty-first
century, the economic planning and the political scenario are largely determined
by a good or bad monsoon. Studies dealing with variability of the Indian mon-
soon has been an active area of research since long due to its heavy impact over
agricultural output on which a major proportion of the South Asian population
survives (Allchin and Allchin, 1997; Gupta et al., 2003; Sharma et al., 2004;
Iyengar, 2009). Changes in the monsoon affect the hominid dispersal and are
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preserved in various proxies across the region both on land and in the marine
sediments (Caratini et al., 1994). Recent palacoclimatic, archaeological and
historical evidence across regions suggest considerable human dispersals,
adaptations, cyclic spatial and demographic reorganization such as abandon-
ment and expansion, and human migrations (Allchin and Allchin, 1997;
Staubwasser et al., 2003; Hong and et al., 2003; Gupta et al., 2003; Gupta et al.,
2006). It has been argued that the rise and fall of various civilizations in South
Asia may have been triggered by climate fluctuations dominated by seasonal
changes in the monsoons (Singh, 1971; Allchin and Allchin, 1997; Gaur and
Vora, 1999; Staubwasser et al., 2003).

Several meteorological studies show an increase in precipitation in early
Holocene and suggested that the early Holocene was an interval of warmer and
wetter conditions with intensified SW monsoon (Overpeck et al., 1996; Gupta et
al., 2003; Hong et al., 2003). Major South Asian rivers, including the Ganga-
Sarasvati-Indus were flowing on their peak during this time (Bryson and Swain,
1981; Radhakrishna, 1999). Two times their present sediment load was being
discharged by Ganga-Brahmaputra rivers and widespread peat formation in
Tibet during the early Holocene isindicative of increased precipitation than pre-
sent day SW monsoons over the Indian subcontinent (Goodbred and Kuehl,
2000; Gupta et al., 2003; Hong et al., 2003). The rising of early Holocene north-
west monsoon seems to be the major factor which led to the foundation of
agriculture as well as early civilization in northwest Indian subcontinent (Singh,
1971; Bryson and Swain, 1981; Goodbred and Kuehl, 2000; Gupta et al., 2003;
Hong et al., 2003). The chronology of AMH settlement at Mehrgarh (in present
Pakistan) (Jarrige, 1981; Costantini, 1984), is completely in agreement with the
peak intensification of the SW monsoon (Overpeck et al., 1996; Gupta et al.,
2003; Hong et al., 2003; Fleitmann et al., 2003).

Another earlier prehistoric event which had affected climate as well as poten-
tially the hominine survival and dispersal around the Indian Ocean was the earth’s
largest volcanic event i.e. Mt. Toba supereruption, which happened in Sumatra
~74 thousand YBP (Westgate et al., 1998; Petraglia et al., 2007). Based on
pairwise mismatch distributions of mtDNA, it was suggested that modern humans
passed through a genetic bottleneck with only a few thousands of survivors whose
numbers have expanded then in different continents (Jorde et al., 1998; Ambrose,
2003; Lewin and Foley, 2004). Recent well dated archaeological study in
Southern India, based on continuity of middle Paleolithic technology suggested
the presence of human before and after the Toba eruption (Petraglia et al., 2007).
Though, there is no such fossil record available so far in South Asia, above study
assumes that the Out-of-Africa migration had already occurred (Lahr and Foley,
1994), before the Toba eruption and the time coincides with the widely cited
genetic coalescence dates (Mishmar et al., 2003). In contrast to this, coalescent
analysis of complete mitochondrial DNA sequences, suggests that the Out-of-
Africa migration was launched after the Toba eruption (Richards et al., 2006).
The recent recalibration of mtDNA molecular clock (Soares et al., 2009; Loogvali
et al., 2009), and available genetic information about Out-of-Africa migration also
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propose only a single exit of modern human from the horn of Africa (Underhill
and Kivisild, 2007). The Toba eruption time doesn’t fit now with the recent
genetic time frame of Out-of-Africa migration and it therefore needs further
revision. Moreover, recently it was shown that the South African archaeological
sequence, which was similar to Jwalapuram sequence, is considerably younger
than the Jwalapuram, thus questioning the reliability of techno-morphological
similarities in identifying long-distance cultural connections and technological
dispersal and possible regional innovations (Chauhan, 2010). Therefore, more
work is needed across the entire South Asia and in regions closer to the Toba
volcano to resolve it.
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Figure 2. The baseline vegetation map of South Asian palaeoclimate reconstruction for
ca. 35-30 KYA. This map is modified from Petraglia et al. (2009), for full legend see

Petraglia et al. (2009).
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2.3.3. The agricultural expansion and
plant/animal domestication

The most fundamental advancement which affected the course of human life
was domestication of several plants and animals, resulting in the emergence of
more complex societies (Diamond, 2002).The domestication of livestock was a
major leap towards the origin of farming and agriculture and henceforth settle-
ment of modern humans. However, the source, time of origin and mode of
expansion across South Asia is indeed an intellectual challenge to scholars
studying the evolution of culture and genetic history. Adaptation of agriculture
practices, allowed humans to shift their diet towards less protein and more
starchy food. The significant change in diet must have created various selective
pressures over the human genome, acting on the genetic variations of human
populations. The agricultural expansion provided a reason to modern humans to
survive in a better way and better conditions, led to rapid increase in population
and their migration (Diamond, 2002). It has been also suggested that food
production conferred enormous advantages to farmers compared to hunter
gatherers living outside their homelands and hence triggered outward dispersals
of farming populations, bearing their languages and lifestyles intact (Diamond,
1997,2002; Diamond and Bellwood, 2003 and references therein). Furthermore,
most hunter gatherer societies were mobile while most food-producing societies
were sedentary and could thus accumulate stored food in surplus amount, which
was a prerequisite for the development of complex technology, social strati-
fication, centralized states, and professional armies (Mishra, 2001). Genetic
findings provide an evidence to Darwinian positive selection on several genetic
locus due to the dietary shift in Neolithic period (Coyne and Hoekstra, 2007;
Novembre et al., 2007; Perry et al., 2007; Shadan, 2007; Peng et al., 2010).
These studies along with other archaeological findings (Richards et al., 2003;
Fuller, 2007 and references therein), implied that in early Neolithic period the
life standards were quite low, people were less nourished, affected by diseases
and the agriculture based diet (mainly starch) was poorer and couldn’t provide
the essential amino acids which hunter-gatherer diet could, as it was quite
diverse and highly rich in proteins (Richards et al., 2003; Eshed et al., 2006;
Coyne and Hoekstra, 2007; Perry et al., 2007; Shadan, 2007; Naugler, 2008;
Peng et al., 2010). For instance, there are two genetically well-studied para-
digms, the copy number variation of amylase gene for starchy food and the
regulatory sequence variation of lactase gene for milk consumption (Beja-
Pereira et al., 2003; Tishkoff et al., 2007; Perry et al., 2007; Shadan, 2007).
Besides this, there were also side effects of agricultural based economy such as
the increase the amount of starch and sugars in the diet led to increase in dental
cavities (Larsen, 2002). Thus, shifting to agriculture was not very advantageous
to the hunter gatherers in terms of health (Fuller, 2007). But in the course of
development these societies overcame these pitfalls with the advancement in
knowledge and understanding of human physiology and thus helped in
developing better food habits. It is significant demographic advantage of
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farming in which substantial migration is supposed to have occurred, due to
genetic selections and/or language shift (Ref. III).

In the “Origin of species” Charles Darwin described his observations on the
process of domestication of both flora and fauna by artificial selection, with his
theory of ‘Natural selection’. The spectacular advancement in archacogenetics
and archaecobotany has enriched our knowledge on the process of domestication
and provided a base to improvise the Darwinian Theory. Domestication is a
process where an animal or a plant’s life cycle (e.g. breeding, habitat etc.) is in
control of humans. This is the process where phenomenon of artificial selection
applies. The domestication of wild organisms (animals and plants) revolves
around the principle of not only making them more dependent on humans for
their survival but also more productive for themselves. Domestication and the
process of food production starting from igniting the fire might have taken a
long time for modern humans to disover it and they might have learnt it through
a series of observations (Fuller, 2007). Recent archeological studies imply that
South Asia has an autochthonous domestication of many local plant species
(Fuller, 2006; 2007). Diamond and Bellwood (2003) suggested the incoming of
agriculture to South Asia from two different directions - rice cultivation from
the East Asia while wheat and barley from the Near East. East Asia has been
identified as a homeland of pig domestication, and rice cultivation was imported
to South Asia from the Yangtze river basin (China) (Diamond and Bellwood,
2003). The rice cultivation is South Asia has been often correlated with the
arrival of Austroasiatic (Munda) speakers (more details in chapter 2.4.4) by
several scholars (Diamond and Bellwood, 2003; Diffloth, 2005). However, the
contested view of Fuller, (2003) based on archaeobotanical evidence suggests
East Indian homeland for rice domestication. Near Eastern region has been
identified as a °‘cradle of agricultural expansion’ and also a source of
agricultural and livestock package (combining the cultivation of wheat and
barley and the domestication of cattle, sheep and goat) to northwestern part of
South Asia (7-9 KYA) (Fuller, 2007) and subsequent expansion to Ganges
basin and to the Deccan plateau in Central India (i.e. 4 KYA) (Fuller
2003,2006,2007). Seven domestication centers were identified for wheat and
barley in the Near Eastern Fertile Crescent region (see Fuller, 2007).

Most of the economically important crops of South Asia have been
domesticated during the late Neolithic, i.e. 6000—8000 B.C. Recent years have
witnessed an expansion of archaeobotanical research in this region, much of it
with focus on agricultural origins and plant/animal domestication (Weber, 1998;
Fuller, 2003,2004,2006,2007; Saraswat, 1992,1993,2004). Such studies cen-
tered mainly on the domestication of food plants, especially staple cereals and
to a lesser degree, the pulses. The reconstruction of South Asian prehistory
based on archaeobotanical and archaeozoological data warranted a new
synthesis on agricultural origins (Thomas and Joglekar, 1994; Saraswat, 2004;
Fuller, 2003,2006,2007; Madella and Fuller, 2006). The pioneer work of Fuller
(2003,2004,2006,2007), based on archaeobotanical evidence resolved the
domestication debate of many crop plants and identified five main domesti-
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cation centers in South Asia (Fig. 3). Most of these centres were identified as
source of domestication, while many others have obtained agriculture, either
through demic or cultural diffusion. Winter as well as summer crops were
already a part of the agricultural system at such sites. These crops included
indigenous Indian pulses such as horsegram (Macrotyloma uniflorum), which is
domesticated in Western India and the mungbean (Vigna radiata) which could
have a western Himalayan origin (Fuller, 2007). The origin of agriculture in
Southern India and in Ganges plains probably started independently from West
India before the agricultural diffusion from west (Fuller, 2003,2006,2007).
Fuller, (2006) suggested Gujarat as a centre for the domestication of local
monsoon-adapted crops, such as the little millet (Panicum sumatrense) and a
species (or two) of Setaria. For a list of field crop species and selected fruits
with their domestication centers see Fuller (2006,2007).

Figure 3. Five main Neolithic domestication centers proposed by Fuller,(2006,2007).

Animal domestication is one of the major topics of archaeological and more
recently, genetic investigations (Higham, 1996; Beja-Pereira et al., 2006; Fuller,
2007; Chen et al., 2010). The modern-day domestic cattle has been classified
into two groups: zebu (humped) and taurine (humpless), which have their Latin
names as Bos indicus and Bos taurus. Majority of domestic cattle from Europe
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and North Eurasia are humpless taurine like (Bos taurus), whereas humped zebu
cattle predominate in South and Southeast Asia. Zebu is also reported in South
China where they are believed to have been introduced from South Asia some
2500 YBP (Higham, 1996). Based on observed morphological differences
between cattle depicted in the rock art of South India and in the iconography of
Indus-Valley civilizations, South India has been suggested as a secondary center
for zebu domestication (Allchin and Allchin, 1997). A clear-cut dichotomy has
been described for zebu and taurine mtDNA studies (Loftus et al., 1994; Troy et
al., 2001; Beja-Pereira et al., 2003; Beja-Pereira et al., 2006). This dichotomy
can only be explained by the presence of two subspecies of wild aurochs before
their independent domestication (Troy et al., 2001; Beja-Pereira et al., 2006).
There are around thirty well-recognized cattle breeds in India (Vijh, 2000).
Many of these breeds are low milk producers; hence used for the production of
castrated bulls, which is used in agriculture, carting and transport. The
Mehrgarh region is the one of the major well studied Neolithic centre of South
Asia, which probably witnessed the first domestication event in the sub-
continent (Jarrige, 1981; Costantini, 1984; Allchin and Allchin, 1997; Fuller,
2007). Archaeological studies on Indus-Valley civilization indicate that do-
mestication event of Zebu occurred earlier in the Indus Valley (~8000 YBP)
than South India (~5000 YBP) and middle Ganges (~4000 YBP), and parallels
geographically to the distribution of probable wild aurochs (Meadow, 2004;
Fuller, 2006).

Recently Chen et al. (Chen et al., 2010) analyzed 844 zebu mtDNA control
region sequences covering nineteen countries distributed throughout West Asia,
South Asia and East Asia including thirty discrete populations. They further
grouped them into eight major geographic regional groups. This large-scale
study is in agreement with archaeological evidence suggesting the greater Indus
Valley (including Rajasthan and present-day Pakistan) as the most likely site for
the primary domestication center of Zebu. Based on different phylogeographic
distribution of different clades, they further advocated secondary recruitment
center of local wild female aurochs into proto-domestic Zebu within Northern
India.

Hence, the Neolithic shift towards agriculture was a major change in modern
human lifestyle which has been reflected in several archacological and genomic
studies. As a result, the expansion of populations have given rise the diversi-
fication of new technology, domestication of new livestocks and shifting of
languages either by cultural or demic diffusion (Cordaux et al., 2004a; Sahoo et
al., 2006; Ref. III). The detailed study of Zebu domestication provided the
evidence of a major step forward in human prehistory, contributing to the
emergence of more complex societies. Other domestic animals that remain
controversial in terms of their origins in South Asia are water buffalo (Kumar et
al., 2007), chicken and pigs, which need a proper genetic scrutiny.
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2.3.4. A search for lost civilization:
Indus-valley civilization

The discovery of the Harappan Civilization in the early twentieth century was
considered to be the most significant archaeological discovery in South Asia,
not only because it was one the earliest civilizations of the world, but also
because it stretched back the antiquity of well settled life in South Asia by two
thousand years at one stroke (Shinde et al., 2009; Gangal et al 2010). This
civilization was unique in comparison to the two contemporary civilizations
(i.e. Mesopotamian and the Egyptian) on the account of its remarkably large
coverage and town planning. The matured phase of this civilization covered an
area of more than a million square kilometres, attesting it as the largest
urbanized civilization of the Bronze Age (Gangal et al. 2010). Indus valley
which is situated towards Northwestern part of India has been under the focus
of research by archaeologists, geneticists and linguists interested in the conti-
nuity and external influences of Indian cultural heritage (Singh, 1971; Kenoyer,
1998; Radhakrishna, 1999; Mishra, 2001; Puri, 2008; Valdiya, 2008;
McElreavey and Quintana-Murci, 2005; Fuller, 2006; Fuller, 2007; Gangal et
al. 2010). The excavation at Mohanjodaro and Harappa have mapped the key
stages of the development of the Indus valley civilization (Singh, 1971;
Kenoyer, 1998; Lawler, 2008,2010; Gangal et al. 2010). Since it was at
Harappa, where the most characteristic relics of this civilization were first
found, it is also known as Harappan civilization. This civilization was blos-
soming between 2500-1900 B.C. (Lawler, 2008; Gangal et al. 2010). The 1400
settlements discovered so far are distributed in an area of about 1250 thousand
square kilometers. It is noteworthy that only ~3% settlements were located on
the Indus and it’s tributaries while 80% of the settlements were located on the
vast plain between the Indus and Ganges which corresponded mainly to the
areas around the dried up Sarasvati river, while rest of them were located in
Gujarat and Maharashtra (Singh, 1971; Radhakrishna, 1999; Gaur and Vora,
1999; Mishra, 2001; Gangal et al. 2010). The genetic study of contemporary
Indus populations revealed a mosaic composition of different components from
West Eurasia, South Asia and East Asia (Quintana-Murci et al., 2004;
McElreavey and Quintana-Murci, 2005). Population at East of Indus shows
prevalent South Asian maternal lineages, while populations located West of
Indus exhibit mainly Western Eurasian lineages (Quintana-Murci et al., 2004).
The work carried out at the site of Mehrgah in Baluchistan (also known as
greater Indus valley) has already demonstrated the origins of this culture, which
was gradual from the modest beginning of settled life around 7500 BC (Jarrige,
1981; Costantini, 1984). The archaeological data suggest the emergence of
social behavior in the Indus basin near Mehrgarh (now in Pakistan) and it’s
surrounding areas in the Kachhi plain on the bank of the Bolan river (Jarrige,
1981; Costantini, 1984). Mehrgarh was considered to be one of the centres for
early civilization and for the shift from hunting and gathering societies to those
with settled agriculture and domesticated animals (Allchin and Allchin, 1997).
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The favorable climate and abundance of vegetation, including wild cereals,
presence of wild animals, and availability of water might have attracted the
hunter gatherer communities for settlement and provided the basic needs for
commencement of agriculture. Thus, Mehrgarh provides an important evidence
for the change from hunting-gathering and pastoralism to a subsistence
economy centered around settled agriculture and domestication of wild animals
(Jarrige, 1981; Costantini, 1984; Allchin and Allchin, 1997). The agricultural
economy of the civilization was thought to be primarily based on the cultivation
of wheat and barley and of millets like jowar (Sorghum bicolor), bajra (Penni-
setum typhoideum), ragi (Eleusine coracana), little millet (Panicum miliare)
and Italian millet (Setaria italica) in the semi-arid region of Gujarat (Mishra,
2001). One of the recent study focusing on the discovery of silk in the Indus
Valley pushes back the earliest date of silk outside of China by a millennium
and is roughly contemporaneous with the earliest evidence for silk from within
China (Good et al., 2008).

The language of Harappans, however, has been much of a speculation. There
are several hypotheses about the nature of this unknown language. Parpola
considered it as an Indo-Aryan, based on the continuity with North India where
Indo-Aryan language is prevalent (Parpola, 1988; see also Renfrew, 1991).
Further, it was suggested that the proto-Elamo-Dravidian language could have
spread Eastwards with the movement of farmers from this region to the Indus
Valley and the Indian subcontinent (McAlpin, 1981; Cavalli-Sforza, 1996;
Renfrew, 1996). But this theory weakens after the recent archeaobotanical and
genetic research suggesting indigenous origin of Dravidians (Fuller, 2003;
Sengupta et al., 2006). Alternatively to Elamo-Dravidian hypothesis, the lan-
guage of Harappan was suggested as an extinct para-munda, similar to Austro-
asiatic (Khasi) language (Witzel, 2007). The Harappan writing remains un-
deciphered and the language of the Bronze Age Indus Valley is still one of the
great mysteries. Several attempts have been made to decipher the Harappan
script but none of them have been widely accepted. It was suggested first as a
non-linguistic symbol (Farmer et al., 2004). But more recently, Rao et al. (2009)
compared the pattern of symbols to various linguistic scripts and nonlinguistic
systems based on a computational algorithm and revealed that the pattern of
Indus script is closer to Sumerian and Old Tamil script and that of spoken
words, supporting the denotation as a language which was so far unknown.

The abrupt fall of this civilization is a highly debated issue besides the
language. Over the past several decades, many theories have been explained
behind the sudden disappearance of this well flourished civilization. These varied
explanations include reduction in rainfall, foreign invasions, tectonic rise of the
land leading to blocking of the flow of the Indus river and eventual migration of
the people from Mohenjodaro, environmental degradation due to excessive use of
soil and plant resources and hydrological changes (Saraswat, 1993; Mishra, 2001;
Tripathi et al., 2004; Gupta et al., 2006; Lawler, 2008; MacDonald, 2009; Gangal
et al. 2010 and references therein). From the perspectives of paleolimnology and
paleoclimatology, perhaps the most intriguing debates revolve around the
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hypothesis of the drought theory based upon paleoecological data from lake
sediments arose from the work of Singh et al. (1971,1973), at Lake Didwana in
the Thar Desert of Western India. Based on palynological, evidence, Singh (1971)
suggested that increase in the monsoon rainfall directly contributed to the rise of
the Indus civilization and a decrease in precipitation contributed to it’s fall, but
this claim has been criticized by many archaeologists (Madella and Fuller, 2006)
and references therein. The drying up of river Sarasvati and shifting of whole
Indus-Valley population towards Ganga plains is another theory given behind the
rapid fall of this civilization (Mishra, 2001; Tripathi et al., 2004; Gupta et al.,
2006). Madella and Fuller, (2006) have considered strategic local shifts in
agriculture in response to prolonged droughts in 2200BC which have contributed
to the de-urbanization process and restructuring of human communities.
However, none of them have been really conclusive.

Henceforth, we conclude that the Indus civilization needs a deeper multi-
disciplinary approach to uncover the truth. Systematic genetic research of
contemporary populations near to the Sarasvati basin is required. There have not
been many multi-disciplinary approaches to the Harappan archaeology in India
and Pakistan as well. Archaeological research on the Harappan culture needs
support and active participation of scholars from various other fields too.

2.3.5. Major language groups

In tracing our origins, various disciplines provide different insights. Language,
genes and culture are three distinct and, in principle, independent entities which
demonstrate different spread patterns in space and time. There are two cate-
gories of information in the universe, first is genetic information what we know
as nature, and second is the extra-genetic information, what we call culture. The
spread of language or any other cultural element can occur together with total
replacement of genes (demic diffusion) or without (cultural diffusion) any
exchange of genetic material between the human groups that interact with each
other. The models of demic and cultural diffusion can be considered as two
extremes whereas in reality the spread of any cultural element may be
accompanied by some but not total exchange of genes. The reconstruction of the
past is further complicated by the fact that in time many languages and cultures
have become extinct, e.g. the Hittite language which forms one of the most
basic branch of the Indo-European language tree. Human genetic diversity
observed in South Asia, as it is discussed below, is second only to that of
Africa. High region specific genetic diversity implies an early settlement and
demographic growth in South Asia after the African exodus of anatomically
modern humans (AMH) in Late Pleistocene. In contrary, linguistic diversity in
India has been thought to derive itself from more recent population movements
and episodes of contact (Diamond and Bellwood, 2003). With the exception of
Dravidian, which has likely local origins in India (Fuller, 2003), the presence of
other language families (Indo-European, Austroasiatic, Tibeto-Burman) in India
is likely due to recent introgression.
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The Indo-European language tree has Hittite, Tocharian, Armenian, and
Greek as its most basic branches (Gray and Atkinson, 2003). This branching
pattern supports the model of Anatolian origins this language family (Gimbutas,
1970; Mallory, 1989; Renfrew and Boyle, 2000; Gray and Atkinson, 2003). The
Indo-Iranian branch of this tree has been dated at 4,600 years whereas all Indian
languages in this group coalesce to a common ancestral language at a time
depth of only 2,900 years assuming a fairly constant rate of language evolution
(Gray and Atkinson, 2003). Dravidians are restricted to South India with some
exceptions like Kurukh, Gondi and Malto branches in Central, Eastern India-
Nepal and Brahui in Pakistan. The Sino-Tibetan speakers are dispersed through-
out the Himalayan belt and mainly concentrated in the Northeastern parts of
India. The Austroasiatic people are mainly dispersed in “heartland” of India i.e.
central and eastern parts. In all, 676 language groups have been identified in
South Asia (Ethnologue). A detailed view of different language groups in South
Asia has been illustrated in fig.4.
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Figure 4. Geographical distribution of different language groups in South Asia (modi-
fied from Van Driem 2001)
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It was not only the lexical comparison but evaluation of whole languages as
organic systems of grammatical regularities, which allowed Marcus van Box-
horn in 1643 to recognize the Indo-European language family. Indo-European is
world’s largest language family in terms of number of speakers. The name
indicates the range of its expansion from Indian subcontinent to Europe. For the
first time it was noted by Sir William Jones, who was a judge in Presidency of
Bengal and one of the founders of Asiatic Society in Calcutta and he had
proclaimed that Sanskrit was related to Greek and Latin. Though, it was not him
who discovered it first, but this announcement made him immortal in the
linguistic history (for a full story see van Driem, 2001). About half a century
later this work was catalyzed by another distinguished orientalist Max Muller,
who postulated the “Aryan Invasion theory” which has been one of the most
controversial South Asian topics for over a century. However, it should be
noted that it still remains just as a theory. To date, no strong archaeological or
genetic evidence has proven the Aryan invasion theory to be a fact (Endicott et
al., 2007 and references therein). The Indo-European family tree is split into
major branches viz. Anatolian, Greek, Armenian, Albanian, Tocharian, Indo-
Iranian, Italo-Celtic, Balto-Slavic and Germanic (van Driem, 2001). Notably,
Armenian represents a distinct branch of this family and is spoken in northeast
Asia Minor and south of the Caucasus (Renfrew, 1991). It’s closest living
relative within the family is probably the geographically distant Albanian
language (van Driem, 2001). Many hypotheses have been proposed on the
origin and dispersal of this language but so far none is widely accepted.

Few studies point homeland of Indo European language in the Pontic-
Caspian region i.e above the Black and Caspian Seas, which today forms
southern Russia and southern Ukraine (Gimbutas, 1970). Alternate view argues
that Anatolia (what is today central and south-eastern Turkey) is the cradle of
Indo-Europeans and the point of their dispersal to their historical habitats
(Renfrew, 1996; Renfrew, 2000). This view presumes that the Hittites and other
people who spoke related languages (Luvian, Pallaic) are autochthonous. Histo-
rians, archaeologists and expert Hittitologists disagree and regard the Hittites
intrusive to Anatolia (Gurney, 1990; Dunstan, 1998; Puhvel, 2004). The Ana-
tolian languages Hittite, Luvian and Palaic are recorded in cuneiform writing on
over 25000 clay tablets dating to the period between 1650 and 1200 BC (van
Driem, 2001). Some of the views based one early Rigvedic hymns place Sapta-
sindhu region as a cradle of this language group (Kazanas, 1999; Feuerstein et
al., 2001). The common model of Indo-European speakers in South Asia
explains their entry from the northwestern part and their rapid expansion into
the subcontinent assimilating large number of Munda and Dravidian languages.
The spread of this family has also been associated with domestication of horse
by 4500 BC as well as by invention of spoked wheels adopted and associated
with the ancient Indo-European pastoralists to enhance their mobility,which
enabled them to exploit the open steppe and facilitate their expansion through-
out Eurasia (Gadgil, 1997; Witzel, 2005). However, archeological evidence
points out that there is no evidence of horses antedating, 2000 BC in Indian
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archaeological records (Parpola, 1988). Moreover, the recent extensive genetic
studies (see in later chapter) dealing with haploid markers (mtDNA and Y-
chromosome) doesn’t support this theory (Kivisild et al., 1999a,b, 2003a;
Metspalu et al., 2004; Sengupta et al., 2006; Endicott et al., 2007; Ref. II).

Dravidian languages were first recognized as an independent family in year
1816 by Francis Ellis. In 1856, the Dravidian scholar Robert Caldwell proposed
a relationship between the Dravidian languages and the language of then freshly
deciphered from Elamite inscriptions at Behistun and also gave the name
Dravida to this language family. Dravidian scholar David McAlpin (McAlpin,
1981) analyzed large amount of data and provided the evidence in support of
the Elamo-Dravidian theory. His language reconstruction suggested that proto-
Dravidian speakers migrated to Indus Valley and Indian subcontinent from Near
East with the farming dispersal (Cavalli-Sforza, 1996; Renfrew, 1996). This
hypothesis was supported by many linguistic, archaeological and genetic studies
(Cavalli-Sforza et al., 1994; Diamond and Bellwood, 2003; Quintana-Murci et
al., 2001,2004; McElreavey and Quintana-Murci, 2005). However, the presence
of North Dravidian group (i.e. Brahui) in Pakistan has raised a question against
this theory. This putative relation was criticized on the basis of lexical affinities
which were supposed to be borrowed from each other (Blazek and Boisson,
1992; Blazek, 1999). Well argued archaeobotanical evidence against Elamite
link was put forward by Fuller (2003) suggesting indigenous origin of Dra-
vidian language and Brahui as a westward expansion of this family. The
bidirectional movements of Dravidians were proposed from their homeland (i.e.
South India) — Eastward migration towards East of India and Nepal (presently
represented by Kurukh and Malto branches), and another ‘Out-of-India’
migration associated with animal herding and wild food processing, through
Saurashtra (Gujarat) or Rajasthan (represented by Brahui population in Balo-
chistan). This view has also been supported by recent Y-chromosomal study
(Sengupta et al., 2006).

In South Asia, Sino-Tibetan language family is unambiguously considered to
be arrived from East and is mainly present in Nepal, Bhutan and Northeastern
part of India and also in Pakistan where the Balti population from the
Karakoram Mountains also speaks a Tibeto-Burman branch (Fig. 4). This is the
second largest language family in the world after Indo-European. The Sino-
Tibetan language originated in China and spread from the Yellow river of China
into Burma and the greater Himalayan region (van Driem, 2001). The over-
whelming majority of languages spoken in the greater Himalayan region belong
to this language family. Though, the greater Himalayan region also comprises
of at least six other language families, i.e. Indo-European, Dravidian, Austro-
asiatic, Altaic and the distinct language isolates represented by the ethno-
linguistic relict groups Kusunda and Burushaski (van Driem, 2001). The
internal classification of Sino-Tibetan is still controversial (Blench, 2008) and
needs a thorough vocabulary and lexical reconstruction. Genetic studies on
limited populations of this group however, suggest their recent migration from
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East to Indian subcontinent (Cordaux et al., 2004b; Metspalu et al., 2004;
Reddy et al., 2007).

The study of lexicon as well as grammar enabled Francis Mason in 1854 to
study the relationship between the Munda of India and the Mon-Khmer
languages of Southeast Asia, to evaluate their relationship and also differentiate
them from Sino-Tibetans, and propose the Austroasiatic language family. There
are more than 150 Austroasiatic groups scattered all over ranging from the
heartland of the Indian subcontinent to Vietnam in the East and the Malay
Peninsula in the South. In South Asia distribution of Munda languages is patchy
(see Fig. 4). The tangled origin of this language group has been discussed in the
subsequent chapter. It was proposed that Munda has undergone changes in their
word order and also share some linguistic features with Dravidian and Indo-
European families, which point to its long-term bilingualism with non Austro-
asiatic languages (Blench, 2008).

2.3.6. Enigmatic populations

Linguistic families as well as language isolates bear witness to older popu-
lations of distinct ethnolinguistic stock. Hence, it is important to study the wide
aspect of these groups. Though, each and every population of South Asia is
unique in terms of their ways of living and specific rituals, there are few relic
populations living apart from those thousands of tribal and caste populations.
Island populations, for example, Andaman Islanders (Onge, Jarwa, Sentinles,
Andamanese, Nicobarese and Shompen) were studied by linguists, archaeo-
logists and geneticists (Cooper, 2002; Endicott et al., 2003a,b,2006; Thangaraj
et al., 2003a,2005a,b,2006a,b,2007; Abbi, 2006; Palanichamy et al., 2006;
Mellars, 2006a,b; Barik et al., 2008; Reich et al., 2009). Mainland language
isolates, for example Nehali or Nahali in Central India, Kusunda in Central
Nepal, Vedda in Sri Lanka, Burushaski in Pakistan and Gongduk language of
Bhutan can prove to be quite interesting populations for study. Similarly, some
tribes such as Didayi, Bonda and Mankiridia of Eastern India (Orissa state) and
at some extant Abujhmaria of Chhattisgarh, Malani of Himachal Pradesh and
Chola of Kerala also exhibit some distinct attributes in their culture when
compared to other local or adjoining tribes. It was suggested that the Burtisho of
Gilgit, Vedda of Ceylon, Nehali of the Gawilgarh hills and Kusunda of Nepal
are direct linguistic descendants of population groups which were possibly the
oldest inhabitants of the Indian subcontinent (van Driem, 2001). They are
different from their contemporary populations either in their way of living,
language or phenotypic character. These groups didn’t have any contact and
remained isolated from contemporary populations since their existence,
therefore, their genetic analysis can be extremely valuable in understanding
genetic basis of several Mendelian disorders.

The highly enigmatic relict population in South Asia arethe Andaman
Islanders, who used to speak more than a dozen different tongues (Abbi, 2006).
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The languages of the Andaman islanders have been classified into two, the
Little Andaman and the Great Andaman group. The Little Andaman group
trifurcates in to three branches i.e. Onge, (spoken on Little Andaman), Senti-
nelese, (spoken on North Sentinel Island) and Jarawa (spoken in the interior of
South Andaman). Great Andaman group bifurcates itself in to Northern and
Southern groups (Abbi, 2006). There is a high degree of dissimilarity between
the languages of Little and Great Andaman (Radcliffe-Brown, 1948). None of
the linguistic evidences support a relationship between the Andamanese
languages and any other known linguistic group, so far (the results of genetic
studies related with them have been summarized in chapter 2.4.3.2.). Another
hunter-gatherer population inhabiting Great Nicobar Islands is known as
Shompen. Until recently, they were grouped with Nicobarese in Mon-Khmer
branch of Austroasiatic language (Ruhlen, 1991) but Blench (2007) classified
them as language isolate based on their relative phonology. Blench (2007)
suggested that Shompen might represent a relic of early human expansion
around the rim of the Indian Ocean. Although, the recent genetic studies on
contemporary Shompen population, though at low resolution (Trivedi et al.,
2006) found a similar genepool as Nicobarese (Prasad et al., 2001; Thangaraj et
al., 2003a,2005a,b) and suggested a Southeast Asian genetic link. East Asian
specific mtDNA haplogroups B5a and R12 (now R22) are two common
maternal founders while their paternal lineages are composed of Austroasiatic
specific haplogroup O2a (M95) (Trivedi et al., 2006). The mtDNA as well as Y-
chromosomal data have been consistent with the affinity of Shompen with
Southeast Asian populations (See Fig. 5 from Trivedi et al., 2006 for contrasting
results of haploid and diploid markers), but due to low molecular resolution, the
time of MRCA of Shompen with Nicobarese is not known. Thus, the exact
origin of Shompen is largely unknown and common effort is needed from all
the disciplines of modern human studies.

The Himalayan kingdom of Nepal is incredibly rich and complex in cultural
as well as linguistic diversity. This diversity is the result of coexistence of se-
veral ethnic groups. Kusunda is one of the intriguing ethnic groups whose lan-
guage, culture and genetic architecture would be interesting to study. Kusunda
is the linguistic descendants of an aboriginal population who inhabited the
Himalayan region before the entry of the Sino-Tibetan and Indo-Europeans (van
Driem, 2001). They are also known as “Ban Raja” (People of forest). The total
number of Kusunda speakers is very small, in 2001 Census of Nepal there were
only 164 Kusundas reported. They call themselves as descendents of King Kusa
(son of goddess Sita). The reference of Kusa comes in Hindu sacred epic
Ramayana written by Sage Valmiki. A linguistic study suggests their link with
Ocenian as well as Andaman Islanders (Whitehouse et al., 2004). However, in
the light of current available genetic evidence it is very hard to believe on this
putative link. The molecular genetic evidence is needed to determine the origin
of Kusunda and their relation with contemporary populations.

Vedda is another isolated small hunter gatherer tribe living in Northwest
province of Sri Lanka. They are called as aboriginal people of Sri Lanka and are
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most distinct from Sinhalese in morphology. This relic population was sug-
gested to represent the indigenous population of the entire Indian subcontinent
(van Driem, 2001). The first genetic study of Vedda along with other Asian
populations suggested their long period of isolation (Harihara et al., 1988).
However, the analysis of alpha-2-HS-glycoprotein allele frequencies supports
the view that the Veddas are biologically most closely related to the Sinhalese
(Umetsu et al., 1989). A study on 9bp deletion of mtDNA on Asian populations
didn’t observe any 9bp deleted individual in Vedda (Harihara et al., 1992). Till
date, a high resolution genetic data is not available from this population.

The Nahali (also Nehali or Nihali) is a language isolate spoken in West-
Central India (in Madhya Pradesh and Maharashtra) (Lewis, 2009). They are
found in the Gawilgarh Hills south of the Tapi River in Nimar and Ellichpur
Districts of Madhya Pradesh and in the Amravati and Buldana districts of
Maharashtra, across the Vindhya and Satpura hilly ranges, which separate the
Deccan Plateau from the Gangetic plain of North India. Besides minor notes by
historians (van Driem, 2001) and the Anthropological Survey of India (Singh,
1997), many anthropologists mention Nahali as people having traditionally
lived in the Satpura and Vindhya forests as robbers of settled neighbors. They
were probably foragers who, after the strengthening of regulations by the British
rulers (1857), slowly moved as workers in the fields of agriculturalists, settling
down in permanent villages at the margins of the forests. Even today, they
commonly live in mixed settlements of varied ethnicities (commonly Korku,
Bhil and Gond), where they usually cluster in specific quarters, with no land
property of their own, subsisting on wage labour. The assimilation of Nahalis
into Kokru initiated with the develpoment of a socio-economic symbiotic
relationship which further bolstered, since the Nahalis lost the benefits granted
to Scheduled tribal populations since 1991 (Census 1991,2001). Korku
language is an outlier too, being the only and Westernmost Austroasiatic idiom
spoken in Central India, belonging to the North-Munda branch.

The available data on the Nahali language is limited, with very little known
about grammar (Witzel, 1999). On the basis of word lists compiled during
Grierson’s Linguistic Survey of India (1903-1928), linguists (Bengston, 1996;
Mundlay, 1996; Whitehouse, 1997) debate on the relationships of Nahali with
other Asian language isolates (Kusunda of southern Nepal; Ainu of Sakhalin
and Hokkaido of the Japanese archipelago; Andamanese; language of Vedas in
Sri-Lanka), and waver between Nahali as proper isolate (van Driem, 2001), or
as an Austroasiatic language (Mundlay, 1996), or rather as an argot spoken by
only a minority of ethnic population (Zide and Barker, 1966). The occurrence of
these linguistic outliers on the crossroad between the three major linguistic
families spoken in South Asia (the Indo-European, the Dravidian, and the
Austroasiatic) and along the margins of what has been proposed as a “shortcut”
for modern human dispersals towards Southeast Asia in alternative to the
coastal route (Field et al., 2007) highlight their importance in South Asia.
Today, very few people speak the Nahali language and are mostly confined to
the Jalgaon-Jamod area, at the bottom of the Southern slopes of the Satpura
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range (Crivellaro, personal communication). One of the papers by the Anthro-
pological Survey of India (Kumar et al., 2008) reports a ‘Nihal’ population with
striking similarities with Kathodi and Katkari populations of Gujarat based on
comparative analyses of complete mtDNA polymorphisms. It is not clear,
though, whether the ethnonym ‘Nihal’ refers to the Nahali linguistic isolate or
to another homonymous population affiliated to the Indo-European language
family found in Nandurbar and Jalgaon districts of Maharashtra (Lewis, 2009) —
see table 1 from Kumar et al., 2008). The genetic status as well as detailed
grammatical study of Nahali still remains one of the highest research priorities
among geneticists and linguists.

Burushaski is another language isolate spoken in the central Hunza valley of
Northern Pakistan.Till date, there is no script available for Burushaski and
original historical material is very scarce. Habitat separation from their neigh-
bors in the Karakoram Mountains was the major reason which might have
preserved their language with lots of borrowed words (van Driem, 2001). There
are many myths behind the origin of these people (compiled in Mohyuddin et
al., 2006). Concerning molecular genetic studies from these people, there are
abundance of data available (Qamar et al., 2002; Quintana-Murci et al., 2004;
Rosenberg et al., 2002; Rosenberg et al., 2006; Sengupta et al., 2006; Li et al.,
2008). Incorporation of Burursho samples in HGDP panel was the most
important step towards knowing the genetic makeup of this population. This is
the reason, why Bururshaski is the single genetic isolate of South Asia, whose
genetic structure is much explored (Rosenberg et al., 2002; Rosenberg et al.,
2006; Li et al., 2008; Auton et al., 2009; Ayub and Tyler-Smith, 2009). The
recent high resolution autosomal study based on 650K SNP chip suggested their
largely South Asian ancestry with moderate East Asian genetic input (Li et al.,
2008). It was suggested that their genepool is heavily diluted by genetic
exchange with their neighboring populations (Ayub and Tyler-Smith, 2009).
This is also reflected in their vocabulary which has many words borrowed from
their neighbors (van Driem, 2001; Blench, 2008). Nonetheless, it is important to
note that HGDP has only 20 samples from this population and high resolution
Y-chromosomal study reported 5% and 20% individuals belonging to haplo-
group K* and R* respectively, which are however rare in South Asia (Sengupta
et al., 2000).

Apart from the linguistic isolates described above, there are few intriguing
populations who greatly differ from their neighboring populations. Bonda and
Didayi are two examples residing in Malkangiri district of Orissa state. Bonda is
also called as highlanders population living at Bonda-hill situated at the
northwest of Machkund river. They are classified as a tribe of Austroasiatic
(Munda) language family, speak Koraput-Munda branch of Southern Munda
sub-family (Fuller, 2007) and spread across 32 villages in the Khairput block of
the Malkangiri district. Bondas who live above the hill are known as upper
Bonda and are still hunter gatherers, while the Bondas who subsist down the hill
are called lower Bonda and perform jhuming cultivation. The number of
females is more than the males and they also hold higher status in the
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community. The dress of Bonda women is unique and remarkable. It should be
noted that they have very peculiar marriage system where a young girl (aged
around 20 years) marries a boy 8—10 years younger than herself. Didayi are also
found in the same district on bank of Machhakunda river in the centre of Kanda-
kamberu hills. They are mainly a hunter-fisher population speaking language
similar to that of Bonda. Didayi is residing on the left bank of the river
Machhkund on a small island which is cut-off from the mainland as a result of
the Balimela water reservoir. The process of wine preparation is fascinating and
similar in both the populations. Jackfruits and mangoes are subjected to
fermentation for three consecutive days and then distilled over the natural small
waterfalls. Women of both populations play an active role in bringing up their
families. Extensive molecular genetic study is lacking in above tribes, however,
a few studies do report lower frequency of G6-PD deficiency than their neigh-
bors (Balgir, 2006,2008; Nishank et al., 2008) which is intriguing considering
the fact that they are living in malarial endemic area since several thousand
years, where the G6-PD deficient gene should have been advantageous. Apart
from the aforementioned tribes, Mankiridia of Orissa, Malani of Kullu district
of Himachal Pradesh, Abujhmaria from Bastar district of Chhatishgarh, Chola
from Kerala states of India are equally important in having their unique entity in
comparison to their contemporary populations (Fig. 5).
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Figure 5. Geographical location of language isolates and other enigmatic South Asian
populations.
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Thus, it is evident from the above chapter that the linguistic separation of a
population is not necessarily indicative of its genetic uniqueness. Because
language changes so rapidly, and none of the presently spoken languages can be
singled out or considered in any reasonable sense to be relevant to late
Palaeothic population dispersal. In some cases, for example in case of Andaman
islanders, the long term geographical separation and other genetic factors such
as drift were the major factors to create unique variation. Several genetic studies
have been done to test the concordance between gene, language and geography
among South Asian populations (Kivisild et al., 2000b,2003a; Cordaux et al.,
2004c; Sahoo et al., 2006), and gene and geography do show a significant
correlation (Ref. IV).

2.3.6.1. Gypsies: A recent offshoot

Apart from enigmatic populations restricted to South Asia, there is another
intriguing group which has extended itself from Middle East to Europe. A
single divergent population (or ethnic group) harboring the vast geography of
Europe (in their patchy distribution), who speak different languages and are
never connected with any national identity are “Gypsies”. They are also known
as Roma. The term "Gypsies" originated from the popular belief that they have
Egyptian origins for which, however, there is no proof. Their culture is highly
oriented to art and music with many mythical stories and songs. Sareen (2005)
mentioned a nice quote about them that they “never sleep twice in the same
place never drink water twice from the same well, and never cross the same
river twice in one year.” The history and migration of this socioculturally
diverse ethnic group is now getting clearer with the accumulation of new
datasets coming from evolutionary as well as medical genetics (for a recent
review see Kalaydjieva et al., 2005 and references therein). The European
Gypsies are a recent founder population who have migrated “Out-of-India”
more particularly from Northwestern region, probably one thousand to fifteen
hundred YBP and reached Balkans through Middle East (Fraser, 1992; Rochow
and Matschke, 1998), though their mythical story suggests that the Roma are
from the Ganges belt of India. The genetic analysis of Euroepan Roma popu-
lations identified them as an intriguing founder population to study Mendelian
disorder and a valuable part of the European genetic landscape (Mastana and
Papiha, 1992; Kalaydjieva et al., 2001,2005; Mihaylova et al., 2007; Bouwer et
al., 2007).

The Indian ancestry of Roma has been already extensively studied and
attested in a number of mtDNA, Y-chromosomal and autosomal studies (Gres-
ham et al., 2001; Zhivotovsky et al., 2004; Kalaydjieva et al., 2005; Malyarchuk
et al., 2006,2008; Mihaylova et al., 2007; Bouwer et al., 2007). The presence of
mtDNA haplogroups M5 and M35 (Malyarchuk et al., 2008), single Y-
chromosomal haplogroup Hla (Gresham et al., 2001; Klari¢ et al., 2009) and
the pathogenic 1267delG mutation in CHRNE (cholinergic receptor, nicotinic,
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epsilon) (Abicht et al., 1999), are rooting their ancestry to South Asia. It is also
evident that they have exchanged significant amount of genes from their
contemporary populations on their way to Europe (Klari¢ et al., 2009 and
references therein).

Thus, the molecular studies have helped us to understand the origin of Roma
and the next step should be focused towards finding the most recent common
ancestral (MRCA) South Asian population to them. South Asia also has many
local Gypsy populations viz. Bawariya, Gujjar, Kanjars, Dharkars, Nut,
Haburas, Bediyas, Baheliyas, Bhantus in the Ganga plains; Ghumantu, Sansis,
Bawariya and Kalbeliyas in Rajasthan; Chharas in Gujarat; Pardhis and
Kuchbandhias in Madhya Pradesh, Pardhis and Vaidus in Maharashtra;
Lambadi in Andhra Pradesh; Kallars in Tamilnadu and Gujjars and Hurs in
Pakistan. They are known as denotified and nomadic tribes, although before the
independence they were known as criminal tribes (Ref. II). In India these
populations are also identified as the most notorious tribes. They are commonly
known as "Kaccha-baniyan' gang or "Bawariya' with their peculiar ‘Modus ope-
randi’ for theft and murders. A thorough genetic study encompassing molecular
comparison between Roma and South Asian nomadic tribes should however be
able to throw some light on the relation and recent split of these groups.

2.3.7. The Social/Caste System and its impact on genepool

South Asia constitutes an incredible large segmented society that harbors rich
genetic diversity within its human populations and provides a fundamental
platform to study the various factors influencing demographics. Strict endo-
gamous populations, flourished independently with varied socio-cultural and
linguistic diversities, nurtured by the vast geographical and ecological systems
enriching South Asian population history tremendously. It is of particular inte-
rest to study patterns of genetic affinities among various endogamous groups
inhabiting small geographical regions within the subcontinent because of their
diverse origins and interethnic separation. The strict practice of endogamy
across all social ranks resulted in emergence of population-specific diverse
social traditions and development of distinct linguistic dialects. These divergent
socially structured population groups provide a varied substratum for under-
standing variation of a genetic trait, spread of a particular disease and their
prehistorical settlement in a geographical area resulting from interaction among
various population groups. In general, human beings group themselves into
units in such a way that members between units rarely exchange genes due to
cultural and geographical barriers resulting in genetic divergence of popula-
tions. This phenomenon is termed as Endogamy. Therefore, one can explain
endogamy as a phenomenon in which populations do not share genes even
though they live at the same social level and exchange the rituals and other
traditional culture with one another and maintain their unique social/genetic
identity. Endogamy is practiced by nearly all communities worldwide but the
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South Asian endogamy is unique in itself by harboring several layers of endo-
gamous barriers. The simplified structure of social boundaries and marriage
system of South Asian groups has been explained in figure 6.

South Asia is traditionally known as the classical land of castes. Caste is a social
institution, deriving sanction from, and intimately interwoven largely with the
Hindu religion. The Caste sanction and structure govern all social, religious and
economic activities of people. The Caste stratification since the RigVedic society
has been based on the Chaturvarna doctrine i.e. Brahmin, Kshatriya, Vaishya and
Sudra. Brahmins are the torch-bearers of religion and perform rituals, and are
involved in learning and teaching of the society. Kshatriya ranked next as rulers,
defenders and warriors, Vaishya became cultivators, artisans and traders. These first
three castes are called as ‘dwij’ (twice born) ie. after attaining an age (after
upanayana sanskara, people receive the sacred thread ‘janeo’) they are allowed to
learn Veda, where they are considered to be reborn. The fourth class is known as
Sudra, who works as labors in the society. Information about early social
organization is composed in the form of Veda which is considered as oldest
scripture of Hinduism. Rig Veda is believed to have been composed circa 1700—
1100 B.C. (Rao et al., 2009). These hymns are represented in Devanagari script.
However, the chronology of Veda is not in general acceptance and has been always
a matter of dispute (Wheeler, 1979; Possehl, 1979; Kazanas, 1999; Talageri, 2000;
Lal, 1997,2009; Witzel, 2005). It is argued that the Vedic literature had grown in
the course of several thousand years and was handed down from generation to
generation by word of mouth (Banerjee, 1979; Glacier, 2006), and due to the short
life manuscript materials which were made up of birch bark or palm leaves usually,
surviving manuscripts rarely surpassed an age of a few hundred years (Brodd and
Gregory, 2003). Apart from Vedic literature, there are Puranas and Upnishads
which give us clue about such structuring. The RigVeda broadly deals with
ritualistic (elaborated in Brahamanas) and philosophical aspect (elaborated in
Upnishads). Another debate is about the present structure of the caste system. Some
of the scholars suggest that the Vedic classification of caste was based on the
occupation of the individuals referring to hymn (9:112) of Rigveda (Thapar, 1966;
Carvalho-Silva and Tyler-Smith, 2008). Alternatively, this hymn can be explained
on the philosophy of “Vasudhaiva Kutumbakam” i.e. the theory of one world (
Hatcher 1994; Saraswati and Bhavan, 1995; Pratap, 2001).

The caste system in South Asia is the topic which has been extensively
studied by several disciplines of humanity, but it is also true that several
assumptions made it one of the most controversial cases. The term caste comes
from the Portuguese word casta (breed, lineage) and was coined by Portuguese
after witnessing the social, economic, and religious system of South Asia. The
traditional Hindu term is varna, and its meaning is to enclose or color. In each
and every geographical region of South Asia, there are about hundreds of
groups called castes with distinct names, birth in one of which usually deter-
mines the status of a given individual in society. Each caste is further divided
into smaller units — generally known as sub-castes and finally these are then
divided into multiple Gotras (purely exogamous clans) that effectively prohibit
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consanguineous marriages. It is an exogamous character of a clan that makes it
a distinctive group (Fig. 6). In practice a Gotra consists of a large number of
pravaras supposed to be descended from the same sage-ancestor, who lived in
the ancient past. In time the number of decendants of each sage-ancestor had
increased which affected all ties of common residence and even territorial
proximity was snapped, but a large number of new derivative Gotra kin groups
have been renamed after new sages. It is not merely the relationship that
determines the association into a Gotra, but there are few exceptions where the
disciples of a sage adopted the same Gotra as that of their preceptor. The Gotra
system determines which clans can marry with each other and facilitates thereby
effective social life and substructure within the caste. As long as Gotra was
regarded as a group of consanguineous kin, the question of marriage within the
Gotra (Sagotri marriage) didn’t arise (Fig. 6). The Gotras are commonly related
with specific cultural traditions. For example, Brahmins trace their ancestry to
one of seven sages believed to have been connected to the Vedic system
(Glacier, 2006). Knowledge of the caste and Gotra is in fact essential to perform
any rituals in the society.
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Figure 6. The simplified representation of South Asian population’s social structuring.
Structure drawn based upon the society definition given in various Hindu scriptures
published by (Gita Press, Gorakhpur India; Vivekananda, 1970). Each strict exogamous
unit and movement of spouces are shown by solid circles and bidirectional lines, respec-
tively, while, the dotted circles and bidirectional lines depict the permeable boundaries
within the exogamous unit.
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The central dogma of Vedic caste system has been explained in various Hindu
scriptures by numerous Hindu scholars (Gita Press, Gorakhpur India; Ashrama,
1944; Vivekananda, 1970; Kutty, 2006). These scriptures suggest that the caste
system was made to raise the level of lower caste and make everybody Brahmin
(here Brahmin doesn’t mean as a name of a caste, it designates the ideal person
of humanity) (Vivekananda, 1970). The Hindu mythological sources mainly
pinpoint on the immortality of soul which experience maximum 96000 births
(Gita Press, Gorakhpur India; Ashrama, 1944; Vivekananda, 1947) (Purana,
1961; Goyandka, 1969; Vivekananda, 1970). These sources further explain that
each and every person born in any caste is the messenger of a particular soul
and one’s birth in the present life is a direct consequence of knowledge gained
and Karma accrued from their previous lives. If a person performs bad Karma,
he/she will be born in the lower caste but if he/she does a better Karma he/she
will be born in an upper caste. Thus, caste system inspired an individual to
perform a better karma.

Caste system in South Asia fabricates cultural barriers and segregates popu-
lations into several endogamous pockets which restrict the movement of
spouses, thus, limiting the gene flow outside the caste. There are several genetic
studies related with South Asian caste system (Bamshad et al., 2001; Basu et al.,
2003; Kivisild et al., 2003a; Metspalu et al., 2004; Cordaux et al., 2004a,c;
Sahoo et al., 2006; Sengupta et al., 2006; Thanseem et al., 2006; Ref. II and III).
A recent series of papers based on mtDNA and Y-chromosomal analysis
instigate that the origin of the caste system was mainly rooted to male-mediated
migration (Indo-Aryan invasion) who pushed indigenous Dravidian speaking
populations towards Southern India and Sri-Lanka, and established Indo-Aryans
as upper caste people (Wells et al., 2001; Quintana-Murci et al., 2001; Bamshad
et al., 2001; Basu et al., 2003; Cordaux et al., 2004a,c; Sahoo et al., 2006; Sen-
gupta et al., 2006; Thanseem et al., 2006). It was added that the caste
populations are closer to Europeans and Central Asians and significantly differ
from tribal populations (Bamshad et al., 1998,2001; Cordaux et al., 2004c).
However, these papers were tainted with low resolution and limited sampling
size, but succeeded to initiate a trend for population geneticists to investigate
the integrity of caste system. Most of the researchers, either they have
supporting datasets or not, started including the Indo-Aryan invasion concept in
their manuscripts, assuming that it as a universal historical proven fact
(Quintana-Murci et al., 2004; Sharma et al., 2005; Thanseem et al., 2006; Zerjal
et al., 2007; Ayub and Tyler-Smith, 2009; Chakravarti, 2009). A recent review
summarizes briefly the different caveats of study of caste system in South Asia
(Boivin, 2007). However, there is now universal concurrence that various castes
and tribal populations of India share a common late Pleistocene maternal as well
as paternal ancestry (Kivisild et al., 2003a; Metspalu et al., 2004; Sahoo et al.,
2006; Ref. I-1V, which was improvised by minor geneflow from East and West
(Metspalu et al., 2004; Ref. II). Another important aspect of the Indian social
system, which makes substantial impact on the inferences one can make from
the caste/tribal genetic variation, is that the definition of the scheduled caste has
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not been very clear. Specifically, the scheduled tribes were gradually incor-
porated into the caste system as scheduled castes. The social uplifting process
thus enhanced a gradual absorption of tribal populations into the caste system
(Ref. II and III). Above studies suggest that caste system which divide popu-
lations into several endogamous pockets, has undoubtedly played an essential
role in shaping South Asian genetic architecture.

2.3.7.1. Family as a functional unit of Society

Family is a common word used in any human society and in simple sense it is
well understood. Family has a biological matrix. It is the smallest functional
unit of a society which includes all the people living under the same roof. The
family is based on simple facts that involve the recognition of those who are
closely related with one another by blood ties. More elaborately, it refers to a
universal, permanent and persistent institution characterized by socially ap-
proved sexual mating and reproduction, common residence and economic
cooperation. Every kind of human society survives and is maintained through a
process of recruitment, with the help of which various individuals become its
members in a cyclic process. Majority of members become an inherent part of
family by being born into the family while others get an entry through the
process of marriage (e.g. females in patrilocal societies and males in matrilocal
societies). There is a great diversity in the forms of family in South Asian
society. These forms differ from each other on several different bases viz.
residence, descent, membership and mates. In most communities in South Asia
descent is traced along the paternal line which is also practiced worldwide.
Though, matrilocal system does also exist in some populations e.g. Garo, Khasi
tribes of Northeastern states, Nayars in Kerala and Lakshadweep islanders. In a
number of tribal groups, similar to Western societies, a neolocal residence
practice (newly-wedded couple move to new house) is preferred. In the de-
finition of family, ‘joint family’ term is often used, particularly in rural India
which is by and large absent in Western world. It is a composition of two, three
or more generations of lineally related members. In that case several nuclear
families (a married couple and their children) live together and have common
arrangements for cooking and dining.

Family types may also be classified on the basis of number of mates. Most of
the societies follow monogamy in which an individual can have only one
spouse at a time. While polygamy describe having more than one spouses. It
can again be divided in to two sub categories: polyandry, where a woman can
have two or more husbands, and polygyny, in which a husband can have two or
more wives. Muslim personal laws permits polygyny in India while Pakistan
has passed legislation intended to eliminate the abuse of polygyny. Polyandry is
rare, however, it is present in some small communities, for example, Jaunsaris
of Uttranchal and Kannaur-Lahaul in Himanchal Pradesh. Among them, when
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the eldest brother marries a woman, all brothers younger to him simultaneously
become her husband.

Where family and marriage comes in discussion, the choice of mate is
another intriguing topic. However, there is not much information available
about it in the early modern humans. Genetic studies suggest small founding
groups for human populations (Kruglyak, 1999; Macaulay et al., 2005),
therefore, significant inbreeding can’t be overlooked (Bittles and Black, 2010).
In mid 19th-century, marriage among cousins was socially accepted and widely
favored (especially among the more privileged classes), for the first time in
Europe and North America (Ottenheimer, 1996; Bittles, 2003). In recent times,
however, consanguineous (cross-cousin) marriages are recorded in several parts
of the world (for a worldwide view see http://www.consang.net/index.php/
Global prevalence). It is evident that the highest rate of consanguineous
marriage occurs in North and Sub-Saharan Africa, the Middle East, West,
Central, and South Asia and it has been reported as 10.4% worldwide (Bittles
and Black, 2010). In South Asia, the Vedic culture of Hindus allow marriage
only among people who are seven generations apart and belong to different
Gotras, while in Southern Indian Hindu societies, marriage between close
relatives (cross-cousin) is permitted in several populations. Consanguinity
therefore, is not restricted only to Islamic communities.

The influence of cultural practices shaping the genetic pattern of the society
has also been tested by several molecular studies (Seielstad et al., 1998; Rosser
et al., 2000; Oota et al., 2001; Kayser et al., 2001a; Kumar et al., 2006a). It was
estimated that approximately 70% of modern societies practice patrilocality
(Seielstad et al., 1998). Recent studies illustrate a high degree of inter popu-
lation genetic difference for Y-chromosome compared to mtDNA due to patrilo-
cality practices (Seielstad et al., 1998; Oota et al., 2001). However, sex based
differential migration may not be a significant factor shaping the observed
global distributions as proposed by Seielstad et al. (1998). This phenomenon
has been used in interpreting the clinal pattern of Y-chromosomal variation in
Europe (Rosser et al., 2000) and in islands of Southeast Asia (Kayser et al.,
2001a). There are also some examples where mass migration of male lineages
changed the complete scenario of paternal genepool, for instance, the expansion
of Europeans into Americas and Oceania in the last 400 or more years adding
European Y-chromosomes with retention of indigenous mtDNA lineages that is
seen in Polynesia (Hurles et al., 1998), Greenland (Bosch et al., 2003) and
South America (Carvajal-Carmona LG et al., 2000; Carvalho-Silva et al., 2001).
Oota et al. (2001) suggested that variation in mtDNA and Y-chromosome are
different in matrilocal and patrilocal communities in Thailand. In contrast to
this, recent study on Indian populations by Kumar et al. (2006a), found no
correlation between patrilocality and matrilocality in Indian populations. They
suggested that a sex specific difference in migration rate is not a primary factor
influencing the discrepant patterns of genetic differentiation.

Interlocus comparisons assume that migration rate is a major factor deter-
mining population differentiation, however, random genetic drift or founder
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effect also influence the level of population differentiation (Ref. II). The
consequences of genetic drift are especially accentuated in those social situa-
tions where any chance of some degree of random mating are extremely
minimal, and therefore dictates that, ones who have allowed social mating has
privilege while the who didn’t, are rigidly abandoned. Hence, it was suggested
that a sex specific difference in migration rate is not primary factor influencing
the discrepant patterns of genetic differentiation. In India, the marriage practices
are restricted within an endogamous population consisting of several exoga-
mous clans or Gotras (see Fig. 5). And the marriages take place between the
hierarchical orders of these Gotras. Therefore, it is not applicable in Indian
panoarma where marital boundary is highly impermeable. Besides this, gene-
culture interactions had a prominent role in local, geographically restricted
adaptation over the past several thousand years (Ref II-1V).

2.4. Molecular and evolutionary Genetics on origin
of modern humans

Every human being carries within each of their cells, a long encoded history of
the species and their ancestor(s). The human genome holds an online record of
evolution in itself that stretches back to the first Homo sapiens and beyond, to
the earliest primates, the first animals, and the origin of life itself. Under-
standing human genome not only requires comparing two individuals (popu-
lations), but also comparing them with other species. Organisms have inherited
most of their genes and body building processes from their common ancestors.
Some of the genes (autosomal) undergo reshuffling while some of them (e.g.
mtDNA and NRY) pass without any recombination. This chapter briefly intro-
duces the role of haploid markers in uncovering the Out-of-Africa migration
and evaluates the question of inbreeding between modern humans and
Neanderthals. Subsequently, in the forthcoming chapters the pre-DNA and
DNA-era of modern human dispersal in South Asia will be discussed con-
cluding with a final review on high resolution autosomal studies.

2.4.1. Out-of-Africa replacement and modern human dispersal

The recent single African origin of modern human is no more a point of discus-
sion and considerably supported by all the disciplines of human studies, e.g.
archaeology and fossil evidence (Stringer, 2000; White et al., 2003; Mellars,
2006a,b), ancient DNA (Adcock et al., 2001; Hofreiter et al., 2001) and modern
DNA/genetics (Cann et al., 1987; Tishkoff et al., 1996; Ingman et al., 2000;
Kivisild et al., 2003a; Metspalu et al., 2004; Thangaraj et al., 2005a; Underhill
et al., 2000; Underhill and Kivisild, 2007; Macaulay et al., 2005; Ref. I), with
the exception of few supporting multiregional model (Eswaran et al., 2005;
Harpending and Eswaran, 2005). It is well accepted that all non-African popu-
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lations were derived from a recent colonization (~50-70 KYA) of anatomically
modern humans (AMH) from Africa. It has been suggested that all non-African
populations contain only a subset of genetic diversity present in Africa
(Tishkoff et al., 1996; Behar et al., 2008a). In other words, all the non-African
maternal lineages (M and N) are derived from a single branch (L3) exclusively
present in Africa (Mishmar et al., 2003; Kivisild et al., 2004; Macaulay et al.,
2005; Thangaraj et al., 2005a; Behar et al., 2008a). Similarly, the pan-Eurasian
paternal lineages are also derived from an African branch carrying CT-M168
polymorphism (Underhill et al., 2000; Jobling and Tyler-Smith, 2003; Underhill
and Kivisild, 2007). After the wide acceptance of Out-of-Africa migration
theory the debate shifted towards the number of dispersal events which occurred
(Lahr and Foley, 1994,1998; see also a review by Richards et al., 2006). Two
dispersal events were suggested: one with Southern route from the horn of
Africa and another through Levantine corridor (Lahr and Foley, 1994) which
recently was bolstered by an archaeological discovery, dealing with Toba ashes
in South Asia (Petraglia et al., 2007). Yet, mtDNA and Y-chromosomal studies
are in support of a one wave exit of modern humans along the Southern route
(Metspalu et al., 2004,2006; Macaulay et al., 2005; Forster and Matsumura,
2005; Palanichamy et al., 2004; Sun et al., 2006; Hudjashov et al., 2007
Chandrasekar et al., 2009). Similar scenario has also been supported by
archaeological studies (Mellars, 2006a,b). More importantly, it was also
observed that the indigenous lineages reported in South Asia, Southeast Asia,
East Asia and Oceania directly pop-out (star like phylogeny) from the root of
the pan-Eurasian founders (M and N), tempting scientists to propose “Express-
Train” model (Macaulay et al., 2005).

From their birthplace in Africa, modern humans spread to Asia, Europe, and
rest of the world. There are two hypotheses connected with range of expansion
of AMH: either new groups arriving from Africa “absorbed” older hominid
branches through interbreeding (Nordborg, 1998; Templeton, 2002,2005;
Mellars, 2006a) or global replacement and genetic extinction of non-modern
human populations by AMH (Stringer and Andrews, 1988; Fagundes et al.,
2008). The discovery of Neanderthal and successful extraction of its DNA was
a major step towards assessment of the above hypotheses.

2.4.1.1. Neanderthal mtDNA genome and its relation with
modern human

Neanderthal is an extinct member of the genus Homo recognized as a distinct
group of hominids from fossil remains for the first time in Germany (Neandertal
Valley near Diisseldorf) about 150 YBP (Green et al., 2006 and references
therein). So far, the fossil of Neanderthals has been unearthed from Europe and
parts of Western and Central Asia (Krause et al. 2007). By 130,000 YBP,
complete Neanderthal characteristics had appeared. These characteristics then
disappeared in Asia by 50,000 YBP and in Europe by 30,000 YBP (Green et al.
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2006). This time overlaps with the existence of modern humans in West Asia
and Europe (Krings et al. 1999; Mellars 2004). The sequencing of Neanderthal
mtDNA allowed molecular testing of many hypotheses concerning the in-
termixing between modern humans and Neanderthals (Nordborg, 1998;
Templeton, 2005; Mellars, 2006a and references therein) as well as the Out-of-
Africa replacement model of modern human origin (Stringer and Andrews,
1988). The time of origin of modern humans as a species and their relationship
with other hominin species are some of the most basic questions in the field of
human evolution. The discovery of Neanderthals and extraction of its mtDNA
has been one of the most significant contributions towards solving these ques-
tions. Nevertheless, it should be noted that ancient DNA studies had major
pitfalls in many of the previous works (Gilbert et al., 2005), and only until re-
cently it has started gaining support after the arrival of high thoroughput
sequencing technologies (Priifer et al. 2010; for a review see Ho and Gilbert,
2010).

The first step taken to understand the parallel existence or evolution of
Neanderthals and modern humans was sequencing of Neanderthal mtDNA
HVS-I region (Krings et al., 1997). Furthermore, similar mtDNA studies from
other Neanderthal specimens were also done (Krings et al., 1999; Serre et al.,
2004). The comparison of this segment with modern human mtDNA didn’t
reveal any introgression between these two hominid species (Serre et al., 2004).
The statistical analysis based upon coalescent models also supported the lack of
introgression of Neanderthal with modern human (Currat and Excoffier, 2004;
Blum and Rosenberg, 2007). With the technological improvement, some more
specimens of Neanderthals were sequenced for the HVS-I region which
suggested that all Neanderthals form a monophylectic clade, and were separated
from the modern humans several thousand YBP (Ovchinnikov et al., 2000;
Krings et al., 2000; Lalueza-Fox et al., 2005; Green et al., 2006).

The use of merely HVS-I information was not sufficient to resolve the ques-
tions concerning genetic relation between Neanderthals and modern humans. As
it is evident in case of modern DNA, the smaller size and greater variation of
HVS-I can’t provide sufficient information to distinguish many important
ancient branches within the tree. Moreover, the high level of variation in the
HVS-I region along with numerous recurrent mutations can distort the structure
of a phylogenetic tree. For example, many deep rooting mtDNA lineages
(M31,M33,M35,M43,R8,R30,R31 efc.) in South Asia have entirely different
HVS-I mutations at different branches (Palanichamy et al., 2004; Thangaraj et
al., 2005a,2008,2009; Palanichamy et al., 2006; Sun et al., 2006; Chandrasekar
et al., 2009; Ref. LILIV). Thus, HVS-I information solely is certainly not the
key point to supply adequate information to rule out if the admixture occurred
30,000 YBP or not (Nordborg, 1998). Furtheremore, after the death of an
animal, DNA starts to decay rapidly resulting in reduction of number and
quality of surviving DNA fragments, thus, increasing rates of sequencing error
and forming a significant obstacle to accurate sequence reconstruction (Gilbert
et al., 2005; Ho and Gilbert, 2010). To rule out such errors, DNA from contem-
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porary early modern human fossil and Neanderthal DNA were amplified and
sequenced with Neanderthal specific primers (Serre et al., 2004). The results
obtained were consistent with the previous studies, thus ruling out any
possibility of Neanderthal-modern human admixture during prehistoric times.

Recently, two groups independently analyzed nuclear genome of a 38KYA
old Neanderthal (Green et al., 2006; Noonan et al., 2006) and landed to different
conclusions. Green and his colleagues (Green et al., 2006) obtained one million
base pairs of Neanderthal DNA and calculated divergence time with modern
humans as 516KYA. The comparison with HapMap data surprisingly led to
30% SNP similarity with modern humans, which was a major evidence of
admixture between modern human and Neanderthals. In contrast (Noonan et al.,
2006) obtained ~65Kbp genomic sequence and estimated the divergence time to
716KYA. The comparison with HapMap data here showed only three derived
human SNP variants, two of which were found in African populations. This
resulted in absence of admixture between modern humans and Neanderthals.
The reanalysis of (Green et al., 2006) data later with maximum likelihood
approach revealed a modern human DNA contamination as high as 78% (Wall
and Kim, 2007). A more recent study sequenced >4 billion nucleotides from
three Neanderthal individuals along with five modern human samples from
different continents and identified several positively selected regions (Green et
al. 2010). This study also suggested a gene flow from Neanderthals to the
ancestors of non-Africans before the divergence of modern human ancestors of
Eurasian decendents (Green et al. 2010). However, more research is needed
from modern and ancient DNA to clarify this debate.

2.4.2. From classical to haploid markers:
Fact file from South Asia

2.4.2.1. Pre-DNA era

The A, B and O blood groups, discovered by Carl Landsteiner in 1801, were
first used to study genetic variation in modern humans. The reconstruction of
human prehistory by the use of allelic distribution was first attempted by use of
gene frequencies of 20 alleles from five major blood-group systems known
from 15 populations (Cavalli-Sforza and Edwards, 1967). However, later with
the advancement of technology, protein and enzyme polymorphisms were
discovered and used for genetic tree reconstruction (Nei and Roychoudhury,
1982). An extensive work on classical genetic polymorphisms (more than 100
genes) on South Asians in global perspective placed South Asian populations
between the populations from Southeast and West Asia (Cavalli-Sforza et al.,
1994). This study included Dravidian and Indo-European speakers of the Indian
subcontinent. There are two major studies from classical era of South Asia
which can be highlighted here-one by ICMR (Indian council of Medical
Research), is a compilation of classical data from 191 major tribal populations
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(Bhatia and Rao, 1986) which covered several polymorphic traits (Blood
groups, Red Cell enzymes, Serum protein and diseases viz. Hemoglobin
disorder and G6-PD deficiency), another summarized by S.S. Papiha (Papiha,
1996) which suggested a distinct differentiation between caste and tribal
populations. All India Anthropometric Survey (with 13 measurements) has also
been published by Anthropological Survey of India (ASI) (Sreenath and
Ahmad, 1989).

2.4.2.2. DNA era

An understanding of evolutionary history of peopling of South Asia has long
been a subject of interest for the researchers working in evolutionary and
medical genetics. The relation amongst different language groups and their
origin is one of the most highly debated issues. But it should be taken into
consideration that none of the language families in the world is as old as
mtDNA or Y-chromosomal age of any haplogroup and therefore should not be
related with linguistic affiliations. Based on results of haploid genetic markers
e.g. mtDNA and Y-chromosome, it is widely accepted that the South Asian
genepool is largely autochthonous (Ref I-IV and references therein). Genetic
analyses of classical and haploid markers provide opportunity to examine
population history and genetic structure (e.g. Cavalli-Sforza et al., 1988;
Kivisild et al., 2006b; Underhill and Kivisild, 2007). Population level at first
and individual level variation now is gaining a common place for association
studies and analysis of human evolutionary histories. The beginning of DNA-
era was a major breakthrough to compare principally this segment in different
individuals. The underlying principle of this approach is to reconstruct the
history of changes (mutations) found in the DNA of contemporary individuals,
and to trace their origins to a most recent common ancestor(s) (MRCA) who
would have lived at some point in the past.

The DNA-era in South Asia began with the study of few RFLP markers and
their comparison with other Asian, Caucasian and African populations (Hari-
hara et al., 1988; Semino et al., 1991; Soodyall and Jenkins, 1992), and further
elaborated with the advent of PCR and sequencing techniques (Mountain et al.,
1995; Bamshad et al., 1996,1998; Passarino et al., 1996). The preliminary
studies were unable to give a clear picture regarding peopling of South Asia but
the complexity of their genepool was evident. South Asia offered a canvas of
genetic landscape to population geneticists, to test many unsolved complex
theories amongst which the origin of caste and tribal populations and Aryan-
invasion theory were the topmost priorities. Nonetheless, many other topics
were also elaborated e.g. 9bp indel polymorphisms (Watkins et al., 1999; Clark
et al., 2000; Thangaraj et al., 2005a; Kumar et al., 2006b), matrilocal-patrilocal
communities (Kumar et al., 2006b), agricultural expansion and language shift
(Cordaux et al., 2004a; Ref. II), origin of Andaman and Nicobar islanders
(Prasad et al., 2001; Endicott et al., 2003,2006; Thangaraj et al., 2005a,b,
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2006a,b; Barik et al., 2008; Reich et al., 2009), Y alu polymorphism (YAP)
(Chandrasekar et al., 2007), phylogeny based on complete mtDNA sequencing
(Palanichamy et al., 2004; Sun et al., 2006; Chandrasekar et al., 2009; Ref. I),
detailed study of a particular haplogroup (Kumar et al., 2008; Thangaraj et al.,
2009; Underhill et al., 2010; Ref. IV) and origin of other minorities such as
Muslims, Siddhi, and Jews communities (Thangaraj et al., 1999; Gutala et al.,
2006; Sengupta et al., 2006; Terreros et al., 2007; Behar et al., 2008b;2010;
Eaaswarkhanth et al., 2010). In the beginning of 21* century, main discussion
about South Asian population was centered around two school of thoughts
dealing with the origin of Indian caste and tribal populations. The first model
suggested that the South Asian tribal and caste populations share significant
Pleistocene heritage (Kivisild et al., 2003a), with limited recent gene flow while
second one suggested their independent origin (Cordaux et al., 2004c). Recent
advancement in data analysis methods, complete mtDNA sequencing and
discovery of new Y chromsosmal SNPs, greatly increased the accuracy and
resolution of population genetics analysis to test such models.

South Asian geography and contemporary populations make it an ideal place
to study population dispersal event(s), testifying it as an extremely important
place in the course of Out-of-Africa migration. Recently, it was suggested that
most of the human populations lived in South Asia between 45-20KYA
(Atkinson et al., 2008), which is also supported by archaeological discovery
(Petraglia et al., 2009). In the past few years, genetic studies of mtDNA, Y-
chromosomal and autosomal loci variation in South Asian contemporary
populations have provided a substantial contribution to the understanding of
human origin and dispersal patterns. Genetic studies on variation of mtDNA
and Y-chromosome among human populations of South Asia provide evidence
for a recent African origin and Southern route dispersal along the rim of Indian
Ocean (Kivisild et al., 2003a; Endicott et al., 2003,2007; Metspalu et al.,
2004,2006; Sun et al., 2006; Hudjashov et al., 2007; Chandrasekar et al., 2009;
Ref. I). The current knowledge manifests that phylogeography of mtDNA
macro-haplogroup (or super-haplogroup) M and Y-chromosomal haplogroup C
provide an important piece of evidence for the Out-of-Africa migration of
modern humans taking a Southern route to Australia (Kivisild et al., 2003a). Y-
chromosomal haplogroup C consists of several sub-lineages with uneven phylo-
geographic patterning, ranging from Central and North Asia to America and in
the direction of South, Southeast Asia up to Oceania (Kayser et al., 2001a,b;
Underhill et al., 2001; Sengupta et al., 2006; Hudjashov et al., 2007). Similar to
mtDNA super-haplogroup M, this haplogroup has likely arisen somewhere in
Asia after an early departure of modern humans from Africa and represents the
signature of OOA migration (Sengupta et al., 2006). Haplogroup M is present
from South Asia to Oceania, except its single branch i.e. M1, which is
suggested to have a back migration from Asia (Olivieri et al., 2006). All the
mtDNA lineages present between South Asia and Oceania are directly rooted to
the two non-African founding lineages [M and N (R)] (Palanichamy et al.,
2004; Thangaraj et al., 2005a; Macaulay et al., 2005; Merriwether et al., 2005;
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Sun et al., 2006; Friedlaender et al., 2007; Hudjashov et al., 2007; Atkinson et
al., 2008; Chandrasekar et al., 2009; Ref. I-1I). Recently a nested structure was
observed between Oceanian M42 and South Asian mtDNA sequences (Kumar
et al., 2009). This exciting result implies that the migration from South Asia to
Australia was not as rapid as proposed (Macaulay et al., 2005), or it could be
possible that there was a second small scale migration subsequently later from
South Asia to Oceania after pioneer settlement. However, it is quite unlikely
and doesn’t have any other support but more data from South Asia and Oceania
would be able to throw some light on this recent enigma.

2.4.3. Dissecting the South Asian genepool
applying modern genetic tools

Among South Asian countries, India and Pakistan are well represented in terms
of genetic studies, however genetic data from Nepal, Bangladesh, Bhutan, Sri-
Lanka and the Maldives are scarce. The genepool of Pakistani populations share
a significant historical and pre-historical proportion of variation with West
Asians and Europeans along with South Asian lineages (Quintana-Murci et al.,
2004; Sengupta et al., 2006; Ayub and Tyler-Smith, 2009), while, Bangladesh
shows similar kind of genetic composition due to its historical influence
(Cordaux et al., 2003; Ferdous et al., 2009; Alam et al., 2010). Few studies on
Nepal reported a deeply rooted ancestry from East with East and Southeast
Asians as well as from West with South Asians (Gayden et al., 2007; Parkin et
al., 2007; Kraaijenbrink et al., 2007a; Thangaraj et al., 2008; Fornarino et al.,
2009). Except for a couple of forensic studies, Bhutan is also under represented
for population genetic studies (Parkin et al., 2006; Kraaijenbrink et al., 2007b).
Nonetheless, the complex geography of Himalayan states i.e. Nepal and Bhutan
would require a further high resolution genetic dissection. Taken into conside-
ration it’s geographical position along the Indian Ocean as well as one and only
fossil evidence provider of modern human in South Asia ((Kennedy, 2000), Sri-
Lanka is equally important to study prehistorical human settlement, however,
only few populations have been studied so far suggesting their migration from
mainland India (Metspalu et al., 2004). Another island state i.e. the Maldives,
has not been surveyed so far but the preliminary studies suggest their link with
mainland Indian populations with high frequency of mtDNA haplogroup R30.
Over the last decade mtDNA and Y-chromosomal studies in South Asia have
explored the affinity of populations within the large boundary of subcontinent as
well as their relationships with other world populations (Kivisild et al.,
1999,2003a; Quintana-Murci et al., 2004; Palanichamy et al., 2004; Metspalu et
al., 2004; Thangaraj et al., 2005a,b; Sun et al., 2006; Sahoo et al., 2006; Sengupta
et al., 2006; Atkinson et al., 2008; Chandrasekar et al., 2009; Ref. I-IV). Initial
studies with adequate molecular resolution and sample sizes in South Asia
suggested Austroasiatic speakers as initial settlers of the subcontinent (Majumder,
2001a; Basu et al., 2003; Kumar and Reddy, 2003), and further expanded towards
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two rival hypotheses about genetic origin of caste and tribal populations, with
more emphasis later on Aryan invasion (Kivisild et al., 2003a; Cordaux et al.,
2004c). However, it should be noted that the present language families of South
Asia (Indo-European, Dravidian, Sino-Tibetan and Austroasiatic), are all much
younger than the majority of indigenous mtDNA and Y-chromosome lineages
found at high frequencies (Ref. I-IV). Particularly, in case of India, there is no
major distribution of mtDNA or Y-chromosome linguistically except for paternal
lineages (haplogroup O2a) of Austroasiatic speakers (see in later chapter), though
in Nepal the genes correlate well with language rather than geography
(Yngvadottir, 2007). Similar studies with smaller number of populations, low
power of genetic markers and without considering sociocultural factors provided
the base for the delusion of molecular data without any solid base (Barnabas et
al., 1996; Barnabas et al., 2006; Bamshad et al., 1996,2001; Basu et al., 2003;
Cordaux et al., 2003,2004a,c; Baig et al., 2004; Gaikwad et al., 2005; Thanseem
et al., 2006). For a critical postmortem of such studies see Boivin (2007) and
Endicott et al. (2007). The advancement of technology (high throughput
sequencing techniques), identified several deep rooting autochthonous lineages
and helped to resolve several conflicting throries (Palanichamy et al., 2004;
Metspalu et al., 2004; Sun et al., 2006; Sahoo et al., 2006; Sengupta et al., 2006;
Chandrasekar et al., 2009; Ref. I-1V).
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Figure 7. The deep rooting branching of autochthonous lineages, specific to South Asia
and other lineages shared with West Eurasians and East Asians. Data obtained from
Palanichamy et al. 2004; Sun et al. 2006; Chandrasekar et al. 2009; Ref. I-IV). The
autochthonous lineages emerging directly from the root of pan-Eurasian founder super-
haplogroups (M and N (R)) implying the fundamental role played by South Asia during
intial OOA migration as well as testifying the autochthonous diversification of the
maternal gene pool.
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The maternal genepool of South Asia is largely composed of several indigenous
deeply rooted lineages emerging directly from the basal node of two non-
African founder lineages i.e. macrohaplogroups M and N, whereas R and U are
nested in N (Fig. 6). A single ‘Southern express route’ was suggested from Sub-
Sahara Africa along with Indian Ocean coast in to Eurasia and Oceania and later
back migration to North Africa (Metspalu et al., 2004; Thangaraj et al., 2005a;
Macaulay et al., 2005; Friedlaender et al., 2005; Olivieri et al., 2006; Hudjashov
et al., 2007). Within South Asia some of the mtDNA haplogroups are con-
centrated to particular geographical region whereas, certain lineages are
scattered all over the subcontinent (Metspalu et al., 2004; Chandrasekar et al.,
2009; Ref. I-1V). East and West Eurasian lineages are also partially integrated
with South Asian local genepool, however, they are concentrated alongwith the
periphery of geographical boundary and share both ancient and young colescent
age (Fig. 7) (Kivisild et al., 1999a; Metspalu et al., 2004; Thangaraj et al.,
2008). For the first time a thorough study, based on complete mtDNA sequen-
cing approach covering the large geography of Indian subcontinent (Pala-
nichamy et al., 2004), revealed several indigenous deep rooting clades emerging
directly from the root of superhaplogroup N and R. Several clades, such as N5,
R5-R8, R30, R31 and U2a, were identified as indigenous to the subcontinent
(Fig. 7). These large autochthonous haplogroups together with West Eurasian,
Central and East Asian specific haplogroups present at low frequencies also
suggests that the indigenous populations received only limited external gene
flow from these areas (Fig. 7). Numerous studies on Indian populations
emphasized on deeply rooted several mtDNA lineages are distributed all over
the subcontinent without any linguistic preference (Kivisild et al., 2003a,b;
Metspalu et al., 2004; Thangaraj et al., 2005a; Sun et al., 2006; Chandrasekar et
al., 2009; Ref. I-1V).

Consistent with mtDNA results, the South Asian paternal lineages (Y-
chromosome) are derived from the pan-Eurasian founder haplogroups CF and K
(Sengupta et al., 2006; Underhill and Kivisild, 2007; Karafet et al., 2008). The
haplogroup diversity among South Asian populations was found to be higher
when compared to European or East Asian populations (Trivedi et al., 2008).
The majority of Y gene pool of South Asia are largely restricted to Indian
subcontinent and are composed of haplogroups C, F*, H, J, L, O and R (Sahoo
et al., 2006; Sengupta et al., 2006). The high frequency of paternal haplogroups
viz. C5, F*, H, L and R2 associated with high STR variance has usually been
considered to their indigenous origins in the subcontinent (Kivisild et al., 2003a;
Sahoo et al., 2006; Sengupta et al., 2006). However, the wide geographical
spread of haplogroup Rla and the absence of sufficient downstream SNP
marker make it difficult to infer its exact geographic origin. The spread of
haplogroup O2a is characteristic of the Austroasiatic speaking populations of
India and South East Asia (Kayser et al., 2006; Kumar et al., 2007).

The Y-chromosome as well as mtDNA studies clearly reflects the long term
genetic and geographical isolation of Indian populations with minor influx from
outside (Kivisild et al., 2003a; Metspalu et al., 2004; Thangaraj et al.,
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2005a,b,2008,2009; Sahoo et al., 2006; Sengupta et al., 2006; Sun et al., 2006;
Chandrasekar et al., 2009). Genetic distinction between the geographic sub-
regions and origin of several deeply rooted haplogroups within the Indian
subcontinent can only be dissected at the finer level of subclades of the mtDNA
as well as Y-chromosomal haplogroup based on novel SNP discovery and
complete sequence data at higher resolution. Therefore, there is a need now to
delineate the phylogeographic pattern of such lineage within the subcontinent to
infer the population’s Neolithic settlement in the light of evidence from
archacological discoveries (Fuller, 2007). Such questions are now demanded to
infer deep knowledge about the regional specific migrations in South Asia.

2.4.3.1. Rare polymorphisms

Sequence variation in mtDNA has been widely used to assess genetic related-
ness at both species and population levels. In the consensus sequences of human
mtDNA, there are two copies of the 9bp motifs “CCCCCTCTA” in the non-
coding region-V. Deletion of one copy has been reported in many populations
worldwide at different frequencies (Thangaraj et al., 2008 and references
therein). In central and East Asian population 9bp deletion is predominantly
associated with haplogroup B (Hertzberg et al., 1989; Yao et al., 2000). The 9bp
indel polymorphism has also been extensively studied in South Asian
populations and a lower frequency has been observed (Watkins et al., 1999;
Clark et al., 2000; Thangaraj et al., 2005a,b; Kumar et al., 2006b), suggesting
their independent origin in different haplogroup background, unlike to East and
Southeast Asians. The first large scale study on Indian subcontinent provided
evidence about different maternal origin of Munda and Mon-Khmer speakers
(Thangaraj et al., 2005b). It was also supported by another similar study (Kumar
et al., 2006b). These findings suggested that the Austroasiatic populations of the
Indian subcontinent and Nicobar Islands have distinct genetic maternal sources.
Another extended study (Thangaraj et al., 2008) refuted the theory of natural
selection in shaping the mtDNA distribution in South Asia (Mishmar et al.,
2003; Ruiz-Pesini et al., 2004). Moreover, this study also reported a new South
Asian specific basal lineage M43 and suggested that geography of Nepal has
received a bidirectional gene flow from East as well as West. A recent study on
larger population size on Tharu population reported BS5a lineage with 9bp
deletion, bolstering above conclusion (Fornarino et al., 2009).

Another rare polymorphism present in South Asia is Y-alu polymorphism
(YAP). The YAP polymorphism has been one of the most widely surveyed
human polymorphisms. It originated with insertion of an A/u repetitive element
at the DYS287 locus at location Yql1 (Hammer et al., 1997). Studies suggest
that South-Asia contains both the major lineages (haplogrop D-Asian specific
and haplogroup E-African specific) of this polymorphism and they entered at
different timescales (Thangaraj et al., 1999,2003a; Qamar et al., 1999; Agrawal
et al., 2005; Sengupta et al., 2006; Chandrasekar et al., 2007; Fornarino et al.,
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2009; Eaaswarkhanth et al., 2010). Frequency of YAP+ E lineages is highest
among sub-Saharan African populations (82-95%), followed by North African
populations (50-70%), Middle East and Central Asian populations (12-27%)
and less frequent (<10%) among Europeans and Asians (Hammer et al., 1998;
Underhill et al., 2001; Quintana-Murci et al., 2001; Jobling and Tyler-Smith,
2003; Al-Zahery et al., 2003). Asian-specific YAP+ D lineages are frequent
among Tibet, Japan, Himalayas and Andaman islands and are infrequent
throughout East and South Asia (Thangaraj et al., 2003a; Hammer et al., 2006;
Gayden et al., 2007). Based on high frequency of haplogroup D in Andaman
Islanders, it was suggested that this haplogroup is the remnants of Out-of-Africa
migration (Thangaraj et al., 2003a), but nearly absence of this lineage in Indian
subcontinent (Sahoo et al., 2006; Sengupta et al., 2006), as well as in the light
of new mtDNA evidence (Barik et al., 2008), it is likely that this haplogroup
arose later in the East of Indian subcontinent after OOA migration. So far, three
main sources (two for E and one for D haplogroup) have been identified for the
presence of this polymorphism in South Asia. First E lineage-recent entry of
Siddi population as slave trade (Thangaraj et al., 1999; Ramana et al., 2001;
Gutala et al., 2006), second E lineage-through invasion of Muslims between 10"
and 16" centuries from Central Asia and Iran (Qamar et al., 1999; Agrawal et
al., 2005; Sengupta et al., 2006; Eaaswarkhanth et al., 2010), and third haplo-
group D entrance towards Himalayan fringes from Tibet (Fornarino et al.,
2009).

2.4.3.2. Pioneer settlement in Andaman Islands

The origin of the Andaman islanders has been a subject of speculation since a
long time. The isolated populations of these islands were one of the most unique
inhabitants of earth upholding the important clues to the evolution and dispersal
of early modern humans. Because these enigmatic populations share physical
features with African pygmies, including short stature and dark skin, and
contrast with other Asian pygmoid people, there has been speculation that they
may be directly related to African pygmies (Howells, 1974). The archaeological
records about the Andaman Islanders is scarce and does not extend beyond the
first millennium BC (Cooper, 2002). Later, two parallel studies, one dealing
with mtDNA studies on ancient remains of these populations (Endicott et al.,
2003), while another on modern DNA using mtDNA and Y-chromosomal
markers suggested their affinity with Asian populations (Endicott et al.,
2003a,b; Thangaraj et al., 2003a). Subsequent high resolution research using
complete mtDNA data from the Onge and Greater Andamanese populations
defined the two Andaman specific clads M31 and M32 suggesting them as the
remnants of a single rapid dispersal pattern along the coast of the Indian Ocean
during the late Pleistocene (Thangaraj et al., 2005a,b). In contrast to this, the
finding of deeply rooted branch of M31 lineage in mainland India suggested
origin of this lineage in mainland India (Palanichamy et al., 2006). The in-
creased number of complete sequences from mainland as well as from
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Andaman islands corrected the phylogeography and emphasized that M31 and
M32 haplogroups are the sister groups within a single haplogroup, M31°32
rooted with the main trunk of M with a rare polymorphism (2156+A) (Barik et
al., 2008). This study again revealed either of both assumptions i.e. the early
(~60KYA) or (<25KYA) human settlement scenarios to this island. A much
recent study dealing with 560,123 autosomal SNPs suggested their unique
genetic identity and ancient isolation from mainland south Asian populations
(Reich et al., 2009).

2.4.4. Austroasiatic dispersal: From east to west or
from west to east?

The geographic origin and time of dispersal of Austroasiatic speakers, present in
Southeast, East and South Asia, is still unclear. The Austroasiatic language
family has been conventionally divided into three major branches- the Munda,
the Mon-Khmer and Nicobarese (Diffloth, 2005; Blench, 2008). The recent
classification catagorize Austroasiatics in to two major branches: Munda and
Khasi-Aslian (Diffloth 2009). In South Asia three significant branches of
Austroasiatic i.e. Munda, Khasian and Nicobarese, have been reported (see Fig.
5 of Ref-IV). Munda speakers are classified into Southern and Northern
branches and dispersed in Eastern and Central part of India while Khasi reside
in Meghalaya state of India and are the only representatives of Khasian branch.
Nevertheless, most of the Austroasiatic speakers belong to the Khasi-Aslian
group, dispersed in East and Southeast Asia. It was estimated that out of 90
million Austroasiatic speakers majority (70 million) of speakers belong to
Vietnamese, 10 millions speak Khmer and 5 millions speak Santhali, while re-
maining 150 odd languages are spoken by several population groups, ranging
from few to several hundreds or thousands of speakers (van Driem, 2001).
Nicobarese live in Nicobar islands (a part of Southeast Asia, geographically)
and speak six different types of Nicobarese language (Radhakrishnan, 1981).
The migration of Nicobarese was thought to be associated with the agricultural
expansion (Blench, 2008). It was also supported by the abundance of the
savannas of Imperata cylindrica grasslands over main islands suggesting forest
clearance by incoming agricultural populations (Blench, 2008). The genetic as
well as linguistic studies suggest a closer affinity of Nicobarese with Island
Southeast Asia (van Driem, 2001; Prasad et al., 2001; Thangaraj et al., 2003a
,2005a,b; Blench and Dendo, 2007; Blench 2008).

The agricultural expansion and animal domestication are two incidents
which facilitated Anatomically Modern Humans (AMH) to expand rapidly. On
the basis of single domestication event of rice (Oryza sativa), it was suggested
that the ancestors of AA speakers scattered from the Yangtze River basin (South
China) and moved out from primary agricultural homeland (Higham, 2003;
Blench, 2005). The alternative model based on multiple domestication events of
rice (Fuller, 2007) and comparative phonological evidence supports an Eastern
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Indian (Orissa state) origin of this language group (Witzel, 2005). Hence, the
domestication event and homeland of rice has been debated since a long time
and is still in controversy (Kovach et al., 2007; Fuller, 2007; Vaughan et al.,
2008). The cultivation of rice is distributed in five continents. It is one of the
major food crop and carbohydrate suppliers for Asians, Africans and South
Americans although, its domestication event remains still obscure (Khush,
1997; Kovach et al., 2007; Fuller, 2007). Two main rice species known are
Asian rice (Oryza sativa), which is cultivated worldwide and African variety
(Oryza glaberrima), exclusively present in Africa. It has been clearly es-
tablished that both of these species originated from two discrete domestication
events. The domestication event information about African rice is straight-
forward while the major debate now is about Asian rice. It is well-known that
the closest wild relative of the Asian species Oryza sativa is Oryza rufipogon, a
species found solely throughout Asia, however, the main debate concerns the
number of domestication centers. Present day, there are two main types of
Oryza sativa i.e. japonica and the indica types.

Several scholars have proposed that these two forms may have originated
from two distinct domestication events (e.g. (Kovach et al., 2007; Fuller, 2007,
Vaughan et al., 2008). Though there are few archacological records of rice
cultivation in East Asia, including Korea and Taiwan explored recently, but
records from South Asia related to rice domestication is poor due to tropical
climatic conditions. The archaeological records from East Asia argue that there
is only one center of domestication of rice in Asia located in the Yellow river
basin which later differentiated through selection into the two main cultivar
types known today, i.e. japonica and indica (Goff et al., 2002; Higham, 2003;
Blench, 2005). Since traditional japonica varieties are predominantly found in
East Asia, and indica varieties are predominantly found in South Asia, the
alternative hypothesis conjectures that the japonica and indica types originate
from two distinct domestication events (Fuller, 2007).

The completion of the rice genomic sequence, in particular, has been con-
sidered as a milestone in agricultural research because it gave access for the first
time to the complete gene repertoire of a crop species (International Rice Ge-
nome Sequencing Project, 2005). Molecular studies on rice varieties illustrated
the genetic differentiation of both indica and japonica type (Glaszmann, 1987;
Wang et al., 1994; Prashanth et al., 2002; Garris et al., 2005). It should be noted
that this genetic differentiation into two distinct gene pools is not in conflict
with the single domestication hypothesis, because it could be the result of a
strong artificial selection for the two distinct plant types, posterior to the
domestication. Recently, two studies based on analysis of transposable elements
and molecular clock estimation suggested that that indica and Japonica types
arose from two distinct domestication events (Vitte et al., 2004; Ma and
Bennetzen, 2004). The MRCA of Japonica and indica was calculated much
prior to their domestication event (Vitte et al., 2004; Ma and Bennetzen, 2004).
Genome-wide studies of genetic variation demonstrate that the two varietal
groups i.e. indica and japonica in Oryza sativa arose from genetically distinct
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gene pools within a common wild ancestor, Oryza rufipogon, suggesting
multiple domestications of O. sativa (Kovach et al,, 2007 and references
therein). More recently it was reported that PROG1 (PROSTRATE GROWTH 1)
gene controls wild-rice plant architecture (Jin et al., 2008). The gene mapped on
chromosome 7, encodes a newly identified zinc-finger nuclear transcription
factor with transcriptional activity. Transformation experiments demonstrate
that artificial selection of an amino acid substitution in the PROGI1 protein
during domestication disrupts the PROGI1 function and inactivates PROGI
expression, leading to erect growth, greater grain number and higher grain yield
in cultivated rice (Jin et al., 2008). Sequence comparison shows that indica and
Jjaponica varieties of rice carry identical mutations in the PROG]1 coding region
suggesting a single rice domestication event (Jin et al., 2008; Tan et al., 2008).
Therefore, recent genetic studies in contrast with previous studies support a
single East Asian domestication of rice although this needs further exploration
in terms of it’s relation with AA speakers. More importantly, it should be noted
that many AA populations (Munda speakers) of South Asia are hunter-
gatherers, and therefore languages are not typically diffused by sedentary
agriculturalist populations but by mobile groups, where the immigrants form a
numerically strong underclass (van Driem, 2001). Hence, it is problematic to
associate the rice farming with AA expansion.

Two contending hypotheses have been proposed, one of which places the
origin of Austroasiatic speakers in Southeast Asia with a later comparatively
recent dispersal to South Asia (Diamond and Bellwood, 2003; Sahoo et al.,
2006), whereas the second hypothesis advocates Indian origin of the
populations of this language family (Roychoudhury et al., 2001; Basu et al.,
2003; Kumar et al., 2007; Fuller, 2007). Previous genetic studies (Kivisild et al.,
2003a; Basu et al., 2003; Kayser et al., 2006; Kumar et al., 2007) have revealed
region-specific patterns of mtDNA contrasted with across-regional spread of
one particular Y-chromosome haplogroup, O2a, providing the first genetic
correlate for the spread of this language group (Fig.8). Haplogroup O2a (M95)
is most frequent among Munda speakers (Basu et al., 2003; Kumar et al., 2007).
The existence of relatively high frequency of M95 (O2a) in both Indian
(Munda) and SE Asian populations is intriguing given that previous studies
show substantial maternal genetic isolation between these two regions (Fig. 8a)
(Metspalu et al., 2004; Black et al., 2006; Ref II-1V). The mtDNA information
available so far insinuates clear distinction of Indian Munda and SE Asian Mon-
Khmer speaking groups, with former sharing of their basic mtDNA haplogroup
structure with other Indian populations (Fig. 8a) (Basu et al., 2003; Metspalu et
al., 2004; Black et al., 2006; Kumar et al., 2006a,b; Reddy et al., 2007; Ref. -
IV). Consistent with their linguistic separation, the Mon-Khmer speaking Nico-
barese carry exclusively East Asian specific mitochondria (Prasad et al., 2001;
Thangaraj et al., 2003a). Notably, Khasi (Mon-Khmer) group, residing in
Meghalaya state in India, shows admixed package of both Indian and East
Asian lineages (Reddy et al., 2007).
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Figure 8. The structuring of different mtDNA (upper pan) and Y-chromosdomal major
Haplogroups (lower pan) in SE Asians and Indian populations. The Y-chromosomal
monophyletic haplogroup O2a is common and prevalent in both SE Asian as well as
Indian (Munda) populations (b), while, in case of mtDNA regional specific branches
emerge directly from the pan Eurasian founder haplogroups and have no such nested
composition (a). The mtDNA information available so far insinuates clear distinction of
Indian Munda and SE Asian Mon-Khmer speaking groups, with former sharing of their
basic mtDNA haplogroup structure with other Indian populations.
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In contrast, lack of common mtDNA lineages among Mon-Khmer and Munda,
the Y-chromosome pools of Indian and Southeast Asian AA speaking popu-
lations share a common marker, M95, which defines a single branch (O2a) of
the otherwise strictly East Asian specific tree of haplogroup O (Fig. 8b). The
distribution of the hg O2a (M95) underscores that this Y-chromosomal SNP is
exceptionally informative with regard to the genetic link between AA popu-
lations of SE and South Asia. Using STR data for 34, O2a chromosome samples
from two North-Munda speaking groups (Ho and Santhal) of India and applying
evolutionary mutation rate 6.9x10" mutations per generation per locus
(Zhivotovsky et al., 2004; Sengupta et al., 2006), the coalescent age of M95
lineages among Indian AA speakers was estimated as 8.8 + 2.2 KYA. Similar
8.8 KYA coalescent date, using substantially higher germ-line mutation rate of
2.8x10~° mutations per generation per locus, was obtained for SE Asian M95
lineages earlier by Kayser et al. (2003). Bearing in mind the differences in mu-
tation rates, these estimates indicate that M95 diversity in Indian Munda
speakers is considerably lower than that observed in Southeast Asia. Surpri-
singly, however, another survey of Indian AA populations, covering in total 25
populations, reported significantly higher coalescent (65 KYA) time of Indian
M95 using the evolutionary mutation rate and an extended list of 20 STR
markers, suggesting deeply rooted Indian origins of haplogroup O2a (Kumar et
al., 2007). Nevertheless, no direct comparison with East Asian M95 chromo-
some was provided via the same STR markers employed in this study. It should
be noted that the 65 KYA age estimate of haplogroup O2a in India appears
much older than the estimated of the age of it’s parental haplogroups K and NO
(Rootsi et al., 2007; Karafet et al., 2008).

If indeed O2a originated in India and later migrated to SE Asia, then we
should also observe sister clades of hg O2a, such as O1 (M119) and O3 (M122)
in India, which is not the case except for Sino-Tibeten populations. O1 (M119)
and O3 (M122) are limited to Northeastern part and are descendants of recent
migration from East (Cordaux et al., 2004b; Metspalu et al., 2004). Instead, we do
observe a splendid scattering of these sub-clusters in Southeast and East Asia
(Kayser et al., 2006; Xue et al., 2006; Li et al., 2007; Li et al., 2008). Further-
more, NO and N clades are also not reported in India, whereas in East and
Southeast Asia they are present in notable frequency (Sahoo et al., 2006;
Sengupta et al., 2006; Xue et al., 2006; Rootsi et al., 2007; Ref. I-1V). However,
we cannot pinpoint exactly the precise geographic source of hg O2a as we don’t
have any information about hg O2a (M95) in AA speaking populations of Myn-
mar, which is a likely source for the ancestral populations of Munda speakers of
India. However, the available evidence indeed suggests the Mainland SE Asia as
an early and important geographic location for hg O2a. More data from East,
Southeast and South Asia of haplogroup O2a is required to resolve the origin of
this mysterious haplogroup as well as AA homeland. Therefore, present Munda
speakers are unlikely to be the source population for hg O2a (M95) and thus the
model supporting Indian origin of hg O2a doesn’t fit with the current topology.

66



2.4.5. The newcomers: Whole genome approach

Mitochondrial and Y-chromosomal datasets can provide insights into popu-
lation structure, but each effectively assays only a single locus resolution in a
sex-specific pattern and is more prone to drift and other population selective
pressures. Therefore, population structure and its genetic diversity play an
important role to understand the nature and extent of any disease specific
association studies that aim to discover genetic factors implicated in human
health and disease. The adaptation of humans in a particular environment often
leads to an increase in beneficial gene which is known as positive selection. The
positive selection increases the frequency of favorable genes in a particular
population resulting in high level of population differentiation or skewed allele
frequency and leaves an imprint on the pattern of genetic variation found in a
population near the site of selection. Such pattern can be recognized by com-
paring the DNA variants in multiple individuals from the same population and
comparing them with other adjoining populations (Voight et al., 2006; Sabeti et
al., 2007). It is evident from genetic studies that positive natural selection has
acted on several regions of genome (Bryk et al., 2008; Sabeti et al., 2007,
Soejima et al., 2006; Izagirre et al., 2006; Bersaglieri et al., 2004; Sabeti et al.,
2002; Xue et al., 2009b; Voight et al., 2006; see also Hurst, 2009). However, a
number of studies have also emphasized the fact that large differences in allele
frequency between populations may not always be necessarily due to positive
selection (Gardner et al., 2007; Hofer et al., 2009).

The International HapMap populations studies have provided valuable
information on inter-continental variation across the human genome, including
structural variation, recombination and selection on Yoruban, Japanese, Chinese
and European-Americans populations (International HapMap Consortium,
2005,2007). This project provided fine scale variation at the resolution of more
than 3.1 million SNPs genotyped in 270 individuals from three major conti-
nental populations and also highlighted 32 SNPs from 27 genes that exhibited
particular evolutionary interest because of their non-synonymous nature and
high level of population differentiation. Moreover, knowing the fundamental
genetic structure of any population being scrutinized for association studies is
the most important factor to consider, as the ignorance of underlying genetic
structure of a population can lead to a false signal. Hence, a clear understanding
of the genetic structure of human populations is fundamental to medical science.

Thus, multiple autosomal loci provide a very robust and high resolution
assessment of population structure as well as disease association (Jakobsson et
al., 2008; Salmela et al., 2008; Li et al., 2008; Heath et al., 2008; McEvoy et al.,
2009; Nelis et al., 2009; Xing et al., 2009; Auton et al., 2009; Reich et al., 2009;
HUGO Pan-Asian SNP Consortium 2009; Behar et al. 2010). Another
advantage of using large number of autosomal loci is in forensic purposes,
where the geographic origin of unknown sample, even from an admixed popu-
lation, can be assigned with the highest level of accuracy (Heath et al., 2008;
Lao et al.,, 2008; Novembre et al., 2008). These studies along with others

67



demonstrated the possibility to make clear differences amongst individuals from
closely related populations and even to observe stratification within the same
population (Heath et al., 2008; Lao et al., 2008; Novembre et al., 2008; McEvoy
et al., 2009). The first clustering approach was developed by Rosenberg et al.
(2002) using >350 microsatellite sequences and identified five continental
populations structure. These clusters arise from genuine features of the under-
lying pattern of human genetic variation, however, see Weiss and Long ( 2009)
for the criticism. Such structure emerges with accumulation of small but
concordant differences in allele frequency across many loci.

The whole genome approach signifies the existence of substantial genetic
structure among samples from different continents (Li et al., 2008; Heath et al.,
2008; McEvoy et al., 2009; Nelis et al., 2009; Xing et al., 2009; Auton et al.,
2009; Reich et al., 2009; HUGO Pan-Asian SNP Consortium, 2009; Behar et al.
2010). In many populations, individuals predominantly cluster in only one
group whereas in other populations, there are clearly multiple clusters. This
mixed ancestry can arise from recent admixture among many founder popu-
lations or it can be due to shared ancestry before the divergence of sub-
populations which is hard to interpret. But along with the data of haploid
markers one can infer precisely if it is a result of recent gene flow or common
ancestry before the divergence. For example, the East Asian ancestry com-
ponent of Hazara (Li et al., 2008), comes from their Mongolian chromosome
(Zerjal et al. 2003), the presence of sub-Saharan African component in Be-
douins and Palestinians can unequivocally seen from their mtDNA pool (Li et
al., 2008; Abu-Amero et al., 2008).

In spite of the fact that India comprises one fifth of the world population,
neither the HapMap, nor the global panels that have been used for whole
genome analysis included any population from India, though the inclusion of
Pakistani populations did provide some clue about population structuring of
South Asia (Jakobsson et al., 2008; Li et al., 2008). Previous population genetic
analyses with autosomal markers in South Asia had a wide geographic but
extremely low resolution of genomic coverage (Basu et al., 2003; Watkins et al.,
2005; Reddy et al., 2005; Kashyap et al., 2006). Another study based on auto-
somal microsatellite markers had inferred that Indian populations show low
levels of genetic differentiation (Rosenberg et al., 2006), which was however,
criticized due to limited sampling and low geographical coverage (Indian Ge-
nome Variation Consortium, 2008). Later, the Indian Genome Variation Con-
sortium (Indian Genome Variation Consortium, 2008) studied 1871 individuals
from 55 diverse populations and provided a high degree of genetic diffe-
rentiation among Indian ethnic groups. The sampling encompasses six geo-
graphical regions. Three ethnic categories were taken in to consideration: caste
groups, tribal isolated populations and religious groups. Using this genetic data,
they identified five clusters among these 55 populations. It should be noted that
none of the cluster is 100% comprised with just a single component, but based
on the larger proportions of the genetic component: first and second clusters
comprise north Indian Indo-European and Sino-Tibetan populations group
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respectively, third and fourth clusters consist Western Indo-European and
Dravidian populations respectively, while fifth cluster harbors Munda popu-
lations (See Fig. 3 from Indian Genome Variation Consortium, 2008). This
study also claimed a correlation of language with gene. On the contrary, studies
based on haploid genome markers support the significant correlation between
genes and geography (Kivisild et al., 2003a; Thangaraj et al., 2009; Ref. IV).
The most parsimonious explanation of this discrepancy is inclusion of
comparatively higher number of Austroasiatic and Sino-Tibetan samples (who
have an overwhelming exceptional Y genepool than local Indian populations —
02 and O3 haplogroups, respectively) , than their population sizes (for instance,
Austroasiatic and Sino-Tibetan represent 20% of the pooled samples comparing
to their population size in India i.e. 1.8%), which has skewed the corralogram
towards language and increased the correlation coefficient of gene with
language rather than with geography. Furtheremore, it should be also noted that
the four major linguistic families in India, by and large, have their own non-
overlapping geographic domains which can counteract the correlation between
gene and geography, thus providing an artificial correlation of gene with
language.

Recently, couple of studies came up with few Indian samples showing
caste-tribal differences and North-South gradient (Auton et al., 2009; Xing et
al., 2009). The South Indian castes were suggested to have different ancestry
proportions, Brahmins of South India have larger proportion of European
component than tribals and dalits while later (i.e. tribal and dalits) share largely
similar type of structure (Xing et al., 2009). More recently, a high profile
genetic study analyzed 560,123 SNPs among 132 individuals derived from a
diverse 25 ethnic Indian populations using the similar approach and identified
two major ancestral populations i.e. ASI (Ancestral South Indian) and ANI
(Ancestral North Indian) (Reich et al., 2009). The Onge branch seems to
descend from an ancestral population which also gave rise to ASI while the
ancestry of both of the components in other Indian populations varies between
39-71%. It is interesting to note that in this study despite many shared genetic
features for caste and tribal South Asian populations, some populations have
evolved group-specific patterns (forming outliers in PCA) of genetic diversity
e.g. Onges and Chenchus. A similar, group-specific pattern is also reflected in
Maya and Pima populations of South America (Li et al., 2008). Such structuring
corroborates that long term isolation and genetic drift may have acted rapidly to
produce detectable population-specific structure in small isolated populations.
The analysis of population structure based on individual genotype suggests that
some populations specifically have a pattern of reduced diversity, which is a
characteristic feature of genetic isolates. These results are consistent with high
levels of genetic drift and isolation among South Asian populations which
indicate their importance as a potential candidate for association studies. The
existence of sub-structuring in populations from Indian subcontinent has notable
implications for population genetic studies and forensic databases where broad
grouping of populations based on such affiliations is frequently employed.
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3. AIMS OF THE PRESENT STUDY

South Asia constitutes a large segmented endogamous society that harbors rich
genetic diversity within itself and offers to test several population genetic
models derived by linguistic, geographical and cultural boundaries that can have
a profound effect on human evolution. Strict endogamous populations,
flourished independently with varied socio-cultural and linguistic diversities,
nurtured by the vast geographical and ecological system, enriched South Asian
diversity tremendously. It is of particular interest to study patterns of genetic
affinities among endogamous groups inhabiting small geographical regions
within the subcontinent because of their diverse origins and interethnic sepa-
ration. The strict practice of endogamy across all social ranks resulted in
emergence of population-specific diverse social traditions and development of
distinct linguistic dialects. These divergent socially structured population
groups provide a varied substratum for understanding variation of a genetic
trait, spread of a particular disease and their prehistorical settlement in a geo-
graphical area. An understanding of evolutionary history of peopling of South
Asia has long been a subject of interest for the researchers working in
evolutionary and medical genetics.

During the commencement of this work the largely maternal autochthonous
genepool of South Asia started gaining support due to higher resolution studies
(Metspalu et al., 2004; Palanichamy et al., 2004) although, the skeleton of
macrohaplogroup M, which encompasses 60% of Indian maternal genepool was
not resolved completely. Besides this, the gene-culture interaction, caste-tribe
continuum and localized haplogroup expansion were some of the basic ques-
tions. We therefore added high resolution molecular insights into genetic,
linguistic and anthropological background and updated the phylogenetic
knowledge about peopling of South Asia.

The questions undertaken for the present work are as follows:

= MtDNA haplogroup M comprises more than 60% of the matrilineal diversity
of populations living in South Asia. Furthermore, a vast majority of them are
autochthonous, not found or almost not found elsewhere in Eurasia,
Melanesia and Oceania. Because such Indian M lineages differ profoundly
from numerous M lineages found elsewhere, they offer unique insight into
the matrilineal heritage of the subcontinent. Several previous studies have
suggested that Indian mtDNA lineages, particularly those classified under
haplogroup M, have evolved locally in India. However, substantial pro-
portions of the M lineages in India have been studied so far only at low
molecular resolution and involve insufficient sampling. Due to the scarcity
of the data, it is not known, whether the so-called M* lineages detected at
variable frequencies across India are more closely related to the local M
subclades or to those widely spread in East Asia or Oceania. Is it possible to
detect at complete mtDNA sequence resolution level elements of nested
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phylogenetic structure that would link South and East Asian populations or
either of the two more specifically with Papuans and Australians?

Andaman islanders are classically considered as one of the most remote
populations in the world of unknown genetic origin. Often called in anthro-
pological literature as Negritos for their dark skin colour and curly hair,
different hypotheses on their ancestry have been proposed. It was recently
shown that two mtDNA haplogroups, M31 and M32, which occur at fre-
quency <0.1% in mainland India, characterize almost all mtDNA lineages in
Southern Andaman islanders. We further sought to examine whether the fine
internal structuring in M31 and M32 haplogroups phylogeny reconcile with
cultural and geographical separations of Andaman islanders?

Since the period of classical genetic markers, Indian social stratification has
been one of the most complicated issue to address. Many papers have been
devoted to demonstrate differences between the castes, but much less
attention has been addressed to numerous tribal people still living in India.
And that irrespective of the fact that there have been hypotheses, based
largely on indirect evidence, that the tribal people might be “true auto-
chthonous populations” inhabiting India, while the speakers of not only
Indo-Aryan but also Dravidian languages, are relative newcomers from the
Neolithic period that covers only the last period since the subcontinent has
been inhabited by modern humans. What is the reason behind the contrasting
distribution of the scheduled castes and scheduled tribes in India? Is it due to
social mobility governed by the caste-tribe continuum? Furtheremore,
several previous non-genetic studies documented language shift as a com-
mon phenomenon among South Asian populations where several popula-
tions have very likely changed their mother tongue. However, none of the
molecular studies have been so far aimed at testing this assumption. There-
fore we have now asked whether the phenomenon of language shift typical
for South Asia as such, or is it primarily a signal of a rapid genetic admix-
ture?

One particular, but otherwise representative example of ambiguity in the
languages versus genes problem has been the origin of the Austroasiatic
speaking people in India. Some influential authors still consider them as
autochthonous, pre-Aryan and even pre-Dravidian inhabitants of India,
others look to them as very recent newcomers from Southeast Asia.
Therefore, it can be considered as a sort of test question for a geneticist — can
one now, with all the new powerful tools to investigate phylogeography of
mtDNA (and of the Y chromosome), find ways to answer these questions?
Our preliminary analyses of mtDNA haplogroup R7 at low resolution (HVS-
I) showed it’s significantly higher frequency in Austroasiatic (Munda)
speaking tribal populations than among other language groups of India.
Therefore, a higher molecular resolution study was designed to test if R7 can
be considered as an Austroasiatic (Munda) specific haplogroup?

Like elsewhere in a global context, genetic boundaries and differences in
general, among populations of South Asia, are likely governed by several
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factors, such as geography, language and culture. Because of its geographic
span and, in particular, extremely complex social stratification and also the
size of population, we found it important to seek an answer (even if only as a
preliminary attempt) to the most general question: Is the South Asian genetic
landscape primarily molded by interaction of genes and languages or genes
and geography?
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4. RESULTS AND DISCUSSION

To find a reasonable explanation to each of the above questions we tested the
genetic diversity, extent of geneflow across cultural boundaries among several
ethnic groups of South Asia and evaluated the interaction of gene-language-
geography on structuring of populations. We have also reconstructed some of
the suggested population histories from a molecular perspective. Altogether,
more than 12,000 samples were analyzed for specific genetic markers. The in-
formed consent was obtained from all participants.

4.1. Indigenous origin of deep-rooting South Asian
maternal lineages (Ref. I)

In this study 8670 DNA samples from more than 150 ethnic groups from India
were genotyped for mtDNA haplogroup defining markers and sequenced for the
first hypervariable region (HVS-1) of the D-loop. Majority of the samples could
be assigned to previously known Indian specific sub-clades, with macro-
haplogroup M accounting for more than 60% of the observed variations.
However, a small proportion (18%) of the samples could not be designated
specifically to any sub clade of haplogroup M and were thus referred as M*, as
a convention to refer such lineages. Because haplogroup M sub-clades are found
across a wide geographic area extending from East Africa to East Asia and
Australia, we decided to test whether the M* lineages that we detected at low
molecular resolution are related to any existing M sub-haplogroups in India or
elsewhere. We determined the complete mtDNA sequence in case of 11 and
partial coding sequence in case of 2231 of such Indian M lineages that either
belonged to M* or whose phylogenetic affiliation to existing mtDNA haplo-
groups could not be accurately determined. The targeted samples also included
Andamanese specific lineages from haplogroup M31.

The resulting high resolution data allocated us to define one novel sub-clade
of M that we proposed to label as haplogroup M41. Based on the newly
obtained sequence data we revised the classification of some major haplo-
groups, such as M3, M18, and M31 that stem directly from the root of
haplogroup M. Our analyses enabled us to confirm and revise the substructure
of a number of previously ascertained haplogroups, such as M3a, M4a, M6b,
M33a, M34a, M37a and M40a. Our results confirm the local origin and
diversification of the majority of Indian mtDNA lineages belonging to
haplogroup M using significantly increased sample sizes (8670) and molecular
resolution. We observed no significant differences among different language
groups in the distribution of the major sub-clades of M lineages, although
certain geographical patterns could be detected.

Above results suggested the autochthonous origin of these deeply rooted
haplogroups which are not language specific and are spread over all the
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language groups in India. Our reanalysis of the Andamanese-specific lineage
M31 revealed two clear-cut population specific branches-M31al present in
Onge and Jarwa individuals while branch M31a2 was exclusively found among
Great Andamanese individuals, consistent with their linguistic separation. The
starlike sprouting of South Asian specific lineages coupled with non-nested
structure of the phylogeny (Fig. 2. Ref. I) support the one wave, rapid dispersal
theory of modern humans along the rim of Asian coast.

4.2. Major factors which shaped South Asian genepool
and caste-tribe continuum (Ref. Il)

Throughout its history, South Asia has been a blending pot of ethnic groups,
languages and cultures. There is a fundamental resemblance in various rituals
practiced by people in different regions and therefore, shared ritual patterns can
account for some unity in the varieties of the religious beliefs that we observe in
South Asia for a long time. In ancient South Asia, there were several kingdoms
living out of their own story of conquest and collapse although, these local
dynasties were built upon the roots of a culture which was well established.
South Asia has always been simply too large, too complex and too culturally
subtle to let any empire dominate it for long. Therefore, it is not surprising to
find Indian population genetically and socio-culturally as highly diverse as of
today.

In this study we have extensively discussed various highly debated issues
alongwith several evolutionary and social forces that have shaped the present
form of South Asia e.g. caste system, interrelations among caste and tribes,
Aryan invasion theory, origin of different language groups, earliest settlers and
genetic architecture. The caste system of South Asia is maintained by several
traditional rituals and social practices, including strict endogamy. Besides the
scheduled castes (SC) population, the scheduled tribal population (ST) represent
the historically most backward and disadvantageous groups in the highly ripped
Indian caste society. While the social, economical and educational deprivation
of these groups has been in the past a common and unifying characteristic, each
group had and still largely has its own particular rituals that distinguishes one
from the other. One important aspect of Indian caste system, which makes a
substantial impact on the inferences one can make from the caste/tribal genetic
variation, is that the definition of the “caste” has been historically fluid. Due to
the influence of ruling authorities the definition of “caste” or “tribe” has
constantly been changing since 500 years or more. Precisely, the scheduled
tribes were gradually incorporated into the caste system as scheduled castes.
Deforestation catalyzed the assimilation of hunter-gatherer societies into
agriculturally based subsistence economies, thus, changing their label from
scheduled tribe to scheduled caste. This dynamic process of absorption of the
tribal population into the caste society explains the contrasting geographical
distribution of Scheduled caste and Scheduled tribes in India (Fig.2. Ref. II).
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In debate on single vs. multiple dispersals out of Africa, recent mtDNA and
Y-chromosomal studies along with archaeological discoveries support a single
early migration that brought ancestral mitochondrial (M, N and deriving from
the latter, R) and Y-chromosomal (C, D and F) lineages to Eurasia and Oceania,
suggesting single wave of their co-migration along the Southern route
(Thangaraj et al. 2005a; Macauley et al. 2005; Hudjashov et al. 2007, Ref. I).
The internal structure of haplogroup M and N (N1d and N5, R5-R8, R30, R31,
U2a,b,c) lineages in India, however has revealed now by the analysis of
complete mtDNA genomes, their basically autochthonous development (Ref.
LILIV). The high STR variance and widespread existence of Y-chromosomal
haplogroups C5, F*, H, R2 and L in Indian subcontinent have been considered
as indicative to their indigenous origins. It is clear from genetic studies that
certain genetic variants were found to be shared betweenIndian and European
populations which shared a common genetic ancestry in late Pleistocene,
suggesting gene flow into India during the period of the proposed Aryan
invasion to be minimal. Few studies have suggested haplogroup Rla, as a
potential marker for Indo-Aryan invasion for introducing the caste system to
India as the frequency of this haplogroup was found specifically higher among
the caste groups. The higher variance of STRs in Indian R1a lineages as com-
pared to those from Central Asia further weakens such scenario implying a
strong founder effect. However, the current lack of sufficient SNP marker
resolution makes it difficult to infer the geographical origin of haplogroup R1a.

We have also taken into account several studies suggesting Austroasiatic
groups as the earliest settlers of Indian subcontinent. However, as argued in
Metspalu et al. (2004), it would be highly problematic to relate any haplogroup
with the language family, because the language families involved are generally
believed to be by far younger than the time frame relevant for peopling of South
Asia. Moreover, such autochthonous deeply rooted South Asian lineage groups
are widely spread across language borders in the subcontinent (Ref. I), and, as
exemplified by the Mushar group (Ref. III), documented and putative language
shifts make it difficult to infer the original mother tongue for every population
studied even during the historic period and perhaps impossible for ancient
times. Thus, the present-day linguistic affinities of different Indian populations
per se are perhaps among the most ambiguous and even potentially contro-
versial lines of evidence in the reconstruction of prehistory of South Asia.

4.3. Testing the model of “language shift”
in South Asia (Ref. 11I)

Two contrasting scenarios have been proposed for the spread of culture and
language in South Asia — the demic diffusion model — prevailing mass
movement of populations with genetic exchange, and the cultural diffusion
model - implying the dispersal of cultural-traits (i.e. language, agriculture etc.)
without considerable migration of people between populations, causing limited

75



or no genetic exchange among them (Cordaux et al., 2004a; Sahoo et al., 2006).
With the exception of some marginal groups, demic diffusion scenario however,
was not supported in further high resolution studies with larger sample size
(Sengupta et al., 2006; Ref. III). Language shift is documented in history - e.g.
in British Islands, in Roman-time Sardinia, in Armenia after the fall of Urartu,
in Anatolia with the arrival of Turks (Cavalli-Sforza et al., 1994) all of which
have been examples of only 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 Aeta in the
Philippines (Cavalli-Sforza et al., 1994; Kulick, 1998). It is a process where a
dominant language is adopted by a contemporary population, with only a minor
contribution of genes from a source population. In such cases persons belonging
to minority population, in order to get a higher status in the society gradually
shift their language from their mother tongue towards the language of majority
host population. Language shift may be also forced by ruling authorities.
However, the original language doesn’t disappear quickly, it takes rather several
generations. A prehistoric language shift from Uralic to Indo-European among
the Baltic-speakers has been also hypothesized (Wiik, 2002).

The present language distribution of South Asia provides an opportunity to
test various models of language dispersal, language shift being one of them
although there is a lack of detailed studies of language shifts in South Asia.
Therefore, we tried to investigate the correlation between language and genes in
a population called “Mushar” who have changed their language from
Austroasiatic (North Munda) to Indo-European (Bhojpuri, Maithili, Magahi,
Bengali Bundelkhandi, Nepali, Chattishgarhi etc. dialects) in the recent past.
The word “Mushar” has been derieved from the word ‘Mush’, a Bhojpuri
dialect word meaning mouse or rat and ‘ahar’ (Sanskrit word) meaning eaters
thus referring them as “Mouse eaters”. They live mostly in Eastern India
extending themselves to Central and Northern parts till Nepal (Fig. 1, Ref. III).
According to the elderly members of the Mushar community they have
migrated from the East to different parts of the country and further to Nepal. It
is interesting to note that in some of the Indian states they are considered as a
scheduled caste (SC) and in some others as a scheduled tribe (ST) and in pre-
independence period, they were unanimously classified as ST (Dungdung,
2003), which again reflects the phenomenon of caste-tribe continuum (Ref. II).
They were hunters and gatherers initially but now live in villages and have
adopted agriculture. Most of them currently speak Indo- European language but
few (older people) are still bilingual, speaking Indo-European and Austroasiatic
(North-Munda) as well. To address this question, we analyzed maternal
(mtDNA) and paternal (Ychromosome) lineages of the target population and
compared the results with those of the juxtaposed Austroasiatic and Indo-
European populations.

The maternal as well as paternal genetic analysis of Mushar population along
with their neighboring populations revealed a haplotype sharing with both
Austroasiatic and Indo-European speakers. However, most of the haplotypes
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sharing was with Austroasiatic populations. We have also identified two novel
indigenous mtDNA haplogroups M45 and M46 (Fig. 2, Ref. III). Besides this,
we observed that the Austroasiatic (Munda) specific haplogroups such as M40a,
M45, R7 and R6a are also more frequent in the Mushar population and these are
exclusively shared with the surrounding Austroasiatic populations considered
for this study (Fig. 2, Ref. III). Most of the Indo-European samples don’t share
haplotypes with either their surrounding Austroasiatic or Mushar populations.
The Y SNP tree also illustrates that as in the case of neighboring Austroasiatic
populations, O2a (M95) is the most frequent haplogroup in the Mushar
population (Fig. 3, Ref. III). The Analysis of Molecular Variance (AMOVA)
based on mtDNA and Y-SNPs (Table 2, Ref. III) suggests that the Mushar is
quite almost four-fold differentiated from the Indo-European populations.

We have also tested the assumption that, “a caste having the same name may
have different genetic makeup” at different geographical regions (Karve and
Malhotra, 1968; Majumder, 2001b) by exploring the genetic structuring of
Mushar populations collected from different geographical regions (Fig. 4, Ref.
IIT). The largely uniform composition of maternal as well as paternal genepool
suggests a common paternal and maternal origin of these groups even though
they inhabit distant geographic regions. Therefore, “a caste having the same
name may have different genetic makeup” assumption can’t universally applied
on the South Asian populations and it also depends upon social uplifiting
process (also referred as Sanskritization) (Ref. 11, III). The most plausible cause
of language shift in Mushar was their assimilation into the agricultural
community where the agricultural land largely has been the property of Indo-
European speaking communities. To get the work and food in such conditions
learning Indo-European language was the most advantageous source of their
survival. Moreover, the education of their children in the Indo-European schools
added the impact to rapid loss of their original language.

4.4. Phylogeography
of mtDNA Haplogroup R7 in India:
the demise of a simple diagnosis (Ref. 1V)

South Asia is an ideal region for studying the relationships between culture,
geography and genes and for developing interdisciplinary approach concerning
the demographic history of anatomically modern humans (AMH). Besides this,
South Asia was probably the major outcome of the dispersal of AMH Out-of-
Africa as attested by large number of deep-rooting mtDNA lineages sporting
from the basal nodes of both superhaplogroups M and N (including R). These
deep-rooting mtDNA haplogroups are spread over the cultural and social
borders testifying to the general autochthonous diversification of the maternal
gene pool of Indian subcontinent and hence, the common origin for the people
that speak diverse languages today and belong to different castes and tribes
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(Ref.1, 11, III). Consequently, the haplogroup richness of the Indian subcontinent
appears to have formed in-situ and to date back to Late Pleistocene,
approximately 40,000-60,000 years back. The early demographic expansion
just after the initial colonization and succeeding in-situ origin of several deep
rooting lineages has founded the diversity of modern humans in South Asia.
Comparisons of relative regional population sizes through time, deduced from
Bayesian coalescent inference methods applied on mtDNA complete sequence
data from global populations have suggested that approximately between 45 and
20 KY A most of humanity lived in Southern Asia (Atkinson et al., 2008).

The first extensive study of complete mtDNA sequences from India (Pala-
nichamy et al. 2004) identified and solidified numerous indigenous clades (and
sub-clades) emerging directly from the roots of superhaplogroups N, R and U,
such as N5, R5-R8, R30, R31, U2a-d and U7. West and East Eurasian specific
haplogroup families HV, JT, N1, and U (xU2a-d, U7), present at lower
frequencies, suggest limited gene flow into Indian subcontinent, likely from
West and Northwest Eurasia. In the present study, we extended the complete
mtDNA sequencing approach in order to further refine the phylogeny of the
Indian subcontinent specific segment of haplogroup R. In particular, we first
added 35 novel complete mtDNA sequences from haplogroup R. In order to
explore the correlations between genes, languages and geography in Indian
subcontinent we carried out high resolution genotyping and phylogeographic
detailed analyses on R7 — one of the intriguing haplogroups which shows
particularly high frequency among the Austroasiatic (Munda) speaking groups
of India.

After addition of 35 novel sequences, the newly reconstructed South Asian
specific R tree revealed eight new subclades within six haplogroup R branches
autochthonous for Indian subcontinent (supplementary Fig. 1. Ref. IV). We
refine here internal topology of haplogroups R5-8, R30 and R31. Geo-
graphically, the spread of R7 in India is centered around the AA “heartland”
(Bihar, Jharkhand, and Chhattisgarh). PC analysis based on frequency data of
hg R subclades confirmed that majority of Munda speaking populations cluster
separately from others mainly because of hg R7 (Fig. 2. Ref IV). Based on these
preliminary results, we focused on R7 as a potential AA-associated marker. In
general, the elevated frequency of hg R7 among the AA speakers of India can
be explained by two alternative scenarios. Firstly, one may consider a possible
origin of R7 among AA (Munda) speakers, possibly already outside India.
Under this scenario the presence of R7 in some Dravidian and Indo-European
speaking communities would be explained by its later introgression from the
Munda communities or by language shift of some Munda speaking groups into
Dravidian/Indo-European languages. Secondly, origin of R7 may lie among
non-AA populations of India, with the presently observable higher frequency of
R7 among AA resulting from founder effect(s) due to random genetic drift. To
test these two scenarios, we carried out a detailed analysis of R7 mtDNAs in
populations speaking different subgroups of AA languages, as well as among IE
and Dravidian-speaking populations of Indian subcontinent.
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Complete mtDNA sequence-based topology of hg R7 divulges two deep-
rooted subclades (Fig. 1, Ref. IV). Interestingly all the AA individuals coalesce
to the founder R7al that dates back to approximately 3 or 7 thousand YBP,
depending on the mutation rate used. The coalescent times of R7 variation
among Dravidians and Indo-Europeans are older. In other words, the only R7
lineage found by us in AA speakers of India i.e. R7al is nested within the R7
lineages found among Dravidian and Indo-European speakers of India. The
higher diversity of R7a and R7b sub-clades among non Austroasiatic popu-
lations of India suggests that the source of haplogroup R7 is not among the
maternal ancestors of all Austroasiatic tribal groups and that they have acquired
this haplogroup via local admixture together with the rest of the South Asian
mtDNA lineages that make up their extant maternal lineage pool. Furthermore,
the presence of only a single recent founder branch of R7, i.e. R7al, among
widely dispersed AA populations of India supports the founder event scenario
by introgression of this lineage from the local non-AA populations before the
range expansion of Munda speaking populations within India. The occurrence
of R7al among Dravidian and Indo-European speaking populations living close
to the AA populations (Fig. 3. Ref IV), could however be explained by
language shift or secondary admixture with AA speakers. Sub-haplogroup R7b
appears to be restricted to Dravidian-speakers of the Southern part of India.
Nonetheless, this haplogroup has also been reported in two Indo-European
populations (Kolcha and Rathwa) whose local tradition, although, speaks about
their ancient split from the Gond population of Central India and further
migration to Gujarat. Thus, from the given data, it is most parsimonious to con-
jecture that R7 originated in India among non-AA, possibly in Dravidian
speaking populations. The Mantel test suggests a significant and high corre-
lation coefficient between genes and geography for hg R7 (0.299, p<0.05),
strongest among the different R sub-clades observed in India, while none of the
R sub-clades demonstrated significant correlation between gene and language
(table 4 Ref IV). The spatial autocorrelation analysis favored a clinal pattern of
the distribution of hg R7.

We also sought to examine whether the spread of R7 among the different
Munda sub-groups in India, as defined by the language trees is uniform or not.
This would be expected if R7 was present among the ancestral AA speakers
prior to the diversification of the language family into numerous branches.
Consistent with the non-AA origin of R7, we found the distribution of R7al
among AA populations to be profoundly skewed towards the Kherwari sub-
branch of the North Munda languages which accounts for ~90% of the AA R7
samples (Fig. 5 Ref IV). Accordingly, R7 is very rare in the South Munda
group. It is completely absent in Koraput Munda speakers and marginally
present only in the Kharia tribe of Madhya Pradesh (in total 3 out of 431 South
Munda samples). This finding yet again fortifies the argument that only a subset
of Indian AA groups has acquired one sublineage of R7al in-situ after their
arrival to Indian subcontinent from local non-AA groups through admixture.
Thus, we fail to find from the extant maternal lineage pool of the Austroasiatic
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speakers of India any major lineages that show signs of potential origin outside
India. Therefore, the enigma of the origin and demographic past of the AA
speakers in India still stands there. While the East Asian contribution to their
paternal gene pool seems evident, the maternal side of their genetic heritage
appears to be autochthonous to Indian subcontinent.
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5. CONCLUSIONS

The maternal genepool of human population in India harbors several deep
rooting lineages of macrohaplogroup M, suggesting in-situ origin of these
clades in South Asia. The predominant autochthonous lineages of macro-
haplogroup M in South Asia illustrate a non-nested starlike structure and
don’t share any significant early offshoot branches in the mtDNA tree with
East Asian or Oceanian populations. The distribution of deeply rooted
branches within haplogroup M across Asia and Oceania provides an additio-
nal evidence for a single migration route stemmed from Africa.

Consistent with their geographical and cultural separation, our reanalysis of
the Andamanese-specific lineage M31 divulged two clear-cut sub-population-
specific branches structuring-M31al present in Onge and Jarwa individuals,
while M31a2 was exclusively found amongst Great Andamanese.

The infiltration of tribes in the caste system is in congruence with the social
mobility or caste-tribe continuum. Thus, the contrasting geographic distri-
bution of Scheduled Castes and Scheduled Tribes in South Asia can be
observed. Our genetic analysis on Mushar population of North India reflects
the cultural process in South Asia where language shift (replacement)
without any large genetic exchange (i.e. cultural diffusion only) is a wide-
spread phenomenon. This analysis offers a prime example of how language
change is linked with the cultural diffusion in South Asia.

The high resolution molecular study on haplogroup R7 revealed lack of
deeply rooted phylogenetic structure and a clear-cut phylogeography in a
more derived branch (i.e. R7al) in Munda speakers. Therefore, the highest
frequency but low diversity of haplogroup R7 among Munda speakers is by
far more parsimoniously explained by their relatively recent regional admix-
ture with local populations, followed by strong founder effect, rather than
being a haplogroup, specific for Munda speakers, which has spread later on
to Dravidians and Indo-Europeans.

We draw a general conclusion, based on the age of the largely autochthonous
South Asian matrilineal ancestry that is manifold older than any of the
assumed language family, such as Indo-European, Dravidian or
Austroasiatic, that the genetic landscape of the sub-continent is primarily
explained by geography, not linguistics. Yet the latter has had its
contribution, in particular at local levels, and together with impacts from
social stratification, is very much worthwhile to consider and study in
greater details in future.
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SUMMARY IN ESTONIAN

Selguse mottes madratleme Louna-Aasiat traditsiooniliselt kui regiooni, mis
kaasaegsest poliitilisest kaardist ldhtuvalt haarab endasse India, Pakistani ja
Bangladeshi. Louna-Aasia rahvaste geneetiline ajalugu on olnud pikki aastaid
inimkonna demograafilist ajalugu uurivate teadlaste oluliseks huviobjektiks.
Selleks on mitmeid pohjusi. Inimkonna kui terviku seisukohast on oluline
muidugi see, et nimetatud piirkonnas elab veidi iile pooleteise miljardi inimese,
ehk 22% maailma rahvastikust — mitmekordselt enam, kui suvalises teises
piirkonnas véljapool Aasiat. Inimkonna demograafilise ajaloo seisukohast voib
pidada viga oluliseks ka asjaolu, et pikal perioodil peale Euraasia kolonisee-
rimise algust anatoomiliselt kaasaegse inimese poolt, oli mitmete arvutuste poh-
jal Louna-Aasia suurima elanikkonnaga piirkonnaks maakeral. Veelgi enam —
kuigi Louna-Aasia paleoliitilikumi arheoloogia ei ole rikkalik, peavad paljud
uurijad just Louna-Aasiat kdige olulisemaks migratsiooniteeks, mille kaudu
inimkond joudis edasi Hiinasse ning Siberisse, ja sealt edasi Ameerikasse ning
paralleelselt sellele Kagu-Aasiasse ning Austraaliasse.

Kuid lisaks neile viga iildistele kaalutlustele, pakub Lduna-Aasia ja eriti
India geneetilise strutureerituse uurimine suurt huvi ka pohjusel, et siin on tege-
mist erakordselt keeruka ja ajalooliselt ammu tagasi véljakujunenud sotsiaalse
struktuuriga regiooniga, Kuigi kastislisteem on tdnapdeval lagunemas, eriti
linnastumise tulemusel, on tema md&ju endiselt tugev ka praegu, véljendudes
kauaaegsetes tOketes geenide vabale liikumisele, endogaamiana kitsamas ja
laiemas tdhenduses. Indias koneldakse paljusid keeli, kuid keelkondade mdttes
on valdavaks indo-euroopa pdohjapoolsetel aladel ja draviidi keeled louna-
poolsetel. Arvukalt elab Indias ka austro-aasia keelkonna munda, samuti tiibeti-
birma keelkonna keelte kasutajaid. Seetdttu ongi paljude geneetikute piiiid-
luseks olnud selgitada erinevusi eri keelegruppide kasutajate geneetikas. Seal-
juures on eriti suurt tdhelepanu podoratud sotsiaalsete kastide geneetilisele
erinevusele ja iildkultuuriliselt maailma teadlaskonnale suurt huvi pakkuvate
intrigeerivatele probleemidele, nagu seda in néiteks idee sellest, et indo-euroopa
keeled ja nende kandjad (st. geenifond) joudis Indiasse suhteliselt hiljuti,
kolme-nelja tuhande aasta eest Kesk-Aasiast ja langeb kokku “veedade ajastu”
algusega. Ei ole selgust ka draviidi keelte “saabumise” kohta Indiasse ja selle
seosesse elanikkonna geneetilise ajalooga. Kui nii, siis kes olid pre-indo-aaria
ning pre-draviidi asukad geneetiliselt? Kokkuvotteks voib oelda, et tinu pika-
ajalisele, kiimneid aastatuhandeid vildanud asustusele, aastatuhandete siigavu-
sele tsivilisatsioonile, erakordselt keerulisele sotsiaalsele struktuurile ja eba-
selgele keelelisele ajaloole, millele lisandub pooleteisemiljardine rahvastik, on
Louna-Aasia viljakutseks koigile, kes soovivad uurida inmkonna geneetilise
struktureerituse kujunemist ja tdnapédeva selle keerukuses. Need on {ildist laadi
kaalutlused, mis teevad Louna Aasia rahvaste geneetika uurimise oluliseks.

Kuid on ka otseseid pohjusi, miks dissertatsioon on piithendatud India
geneetikale. Evolutsioonilise bioloogia dppetool ja Eesti Biokeskus on olnud
tosina aasta jooksul kohaks, kus on muude teemadega paralleelslt uuritud ka
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Louna-Aasia geneetikat. Hyderabadi Raku- ja Molekulaarbioloogia Keskus
Indias on keskseks India teaduskeskuseks India rahvaste populatsioonigeneetika
uurimisel. Seal algas minu teaduslik tegevus. Nende kahe laboratooriumi eelnev
ja ténini jatkuv koostd6 tegi voimalikuks formuleerida mitmeid uusi teaduslikke
kiisimusi vastvalt eelnevalt omandatud teadmistele ja lahendamist ootavatele
probleemidele. Neid kiisimusi on muidugi mirksa enam, kui minu dissertat-
sioon katta suudb, kuid seletuste otsimine alamosale neist ongi olnud kéesoleva
vditekirja ja selle aluseks olevate teaduslike artiklite sisuks. Samuti ka rea teiste
avaldatud ja avaldamisele suunatud uuringute valdavaks sisuks, mille kaas-
autoriks ma olen olnud.

Viitekirja konkreetsed eesmérgid (tdpsemini — viitekirja sisuks valitud
konkreetsete artiklite temaatika) baseeruvad varasemal teadmisel, et India
rahvastiku emaliinis pdranduva mitokondriaalse DNA varieeruvus on ulatus-
likut dikteeritud makro-haplogruppide M ja R variantide poolt. Meie ja teiste
laborite senise analiiiisi pohjal vois jareldada, et India puhul on Idviosas tege-
mist variantidega, mis ei esine Ida-Aasias, kuid uuringute siigavus (mtDNA
sekveneerimise ulatus) ei vdimaldanud seda paljudel juhtudel siiski kindlalt
vdita. Samas on just teadmine sellest, kas vastav geeniliinide klaster périneb
vahetult hg M voi siis hg R fiillogeneetilistest alguspunktidest (ancestral states),
suure védrtusega moistmaks Euraasia asustamist ajalis-ruumilises dimensioonis.

Oluliseks konkreetseks eesmirgiks oli uurida India praeguste ja “dsjaste”
hdimude (nn sceduled castes, mille tdpsema seletuse leiab kirjanduse iilevaatest)
emaliini-jargset geneetikat. Selle kiisimuse selgitamise taga on tegelikult mitu
olulist alamkiisimust. Nimelt on mitmed antropoloogid oletanud, et need rahva-
grupid, alles hiljuti paljuski kiitid-korilased, on “tdelised” India iirgasukad,
samas kui indo-euroopa ja draviidi keeli rddkivad Lduna-Aasia elanikud on
Indiasse joudnud palju hilisemate rannete tulemusena.

Teiseks probleemide grupiks oli spetsiifiliselt munda-keelsete rahvagruppide
keele ja geenide vahekord. Munda keeled on alamhulk austro-aasia keeltest,
mida koneldake laias ulatuses mitmel pool Kagu-Aasias, kuid ka India ida-
poolseis provintsides. Meid huvitas nende gruppide geneetiline identiteet.
Uheks vdimaluseks valisime vilja neil sageli esineva mtDNA haplogrupi R7
iillatuslikuma resekveneerimise nii munda-keelsetel indialastel, kui ka draviidi ja
indo-euroopa keeli rddkivail indialastel.

T66 eesmirkide hulka kuulus ka Andamani saarestiku elanike geneetika
uurimine, sest et selle saareriihma périselanike péritolu on olnud viga mitme-
suguste oletuste objektiks. Sealjuures pdhjusel, et oma viljandgemiselt kuulu-
vad nad klassikalise antropoloogia jaotuse kohaselt negriitode hulka — nad on
vaga tumeda nahaga ja lokkisjuukselised, valdavalt liihikest kasvu. Eelnevalt oli
leitud, et Andamani negriitodel esinev mtDNA variant on kauges fiiloge-
neetilises suguluses Indias esinevate haplogruppidega. Oletuste kinnitamiseks
(voi iimberlitkkamiseks) viisime 1dbi uurimuse, mis haaras erinevaid Andamani
saari.
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To60s saadud tulemuste alusel formuleeriti alljargnevad pohilised jareldused:

1.

India mtDNA variandid sisaldavad endas arvukalt fiillogeneetiliselt siigavaid
harusid, mis tdendavad vastavate klaadide in sifu teket Louna-Aasias.
Arvukate autohtoonsete hg M ja hg R geeniliinide esinemine selles re-
gioonis, millel praktiliselt ei ole leitud alamharusid mujal Aasias ega ka
Okeaanias, on lisakinnituseks arvamusele, et anatoomiliselt kaasaegse inim-
konna pdhiline véljardnd Aafrikast oli tihekordne.

. Kooskodlas Andamani pdliselanike geograafilise ja kultuurilise isolatsiooniga

me niitasime, et hg M31 jaguneb seal kaheks alamhulgaks, milledest M31al
esineb Onge ja Jarwa (pro Jarawa) elanikel, kuid M31a2 vaid Suurtel
Andamanidel.

Uurides Pohja-India hindi-keelset Mushari rahva geneetikat leidsime, et
nende puhul on véga toendoliselt tegemist Louna-Aasiale iseloomuliku
protsessiga, kus on toimunud (kiire) keeleline muutus ilma, et sellest haa-
ratud populatsiooni genofond oleks muutunud. Uldistatult vdib mérkida, et
niisugune fenomen (language shift), mida ennemalt peeti pigem haruldaseks,
ndib niilid, tdnu geneetika meetodite tdpsustumisele, olevat viga iildiseks
fenomeniks nii Indias kui iile kogu maailma.

Toetudes Louna-Aasia autohtoonsete emajéirgsete geeniliinide (mtDNA)
olemasolule ja nende hargnemise ajalisele siigavusele, mis on ilmselt palju-
kordset varasemad praegu Louna-Aasias levinenud indo-euroopa, draviidi ja
austro-aasia keelkondade tekkest Euraasias, teeme jérelduse, et India
geneetilise varieeruvuse maastik on seletetav esmajoones geograafia, mitte
keel(te)ga. Kindlasti on ka viimaste varieeruvus oma moju avaldanud,
esmajoones lokaalselt ning késitletuna koos sotsiaalse kihistumisega, kuid
need mojud on olnud hilisemad. Nende mdjude ulatus ja kvantitatiivne ning
kvalitatiivne hindamine on meie praeguste ja tulevaste uuringute huvitavaks
eesmargiks.
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