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Molecular Anthropology:
Population and Forensic Genetic Applications

Sarabjit Mastana

INTRODUCTION

Molecular anthropol ogy - the study of human
genetic polymorphisms- isfast and ever-growing
branch of anthropology that holds a great
promise for both past and future. Some anthro-
pologists believe that genetic/molecular anthro-
pology is a science of future but it must be
emphasised that it is a science of the past and
present too. DNA is an unbroken link to our
ancestors, populations and relatives.

Molecular anthropology is useful in
estimating the contribution of different genepools
to the make-up of present-day populations and
test hypotheses about origin of linguistic and
historical population movements. In addition,
anthropology is playing asignificant rolein our
understanding of gene-environment interactions
and contribution of populations to the detection
of genes in common and complex diseases.
Anthropologists interested in reconstructing
historical population movements and phylo-
genetic relationships initially used “classical”
genetic data to achieve these aims. Classical
genetic data uses proteins and blood groups. The
classical genetic datacomprehensively provided
thebasisfor the“first phase” in the devel opment
of molecular anthropology, which has been
remarkably documented in many international and
Indian research compendiums(Bhasinet a., 1994;
Bhasinand Walter, 2001; Cavdli-Sforzaet d., 1994,
Mourant et al., 1976, Nei and Roychoudhury,
1988). These large-scale studies have demons-
trated that the gene pooal is not a simple sum of
genes, but isadynamic system, which is hierar-
chally organi sed and which maintainsthe memory
of past events in the history of populations. All
genetic information has a historical, anthro-
pological, geographical and statistical context,
therefore requires co-operation and collaboration
between researchersin different fields.

The “new” or “second phase,” is utilizing
DNA analysis for the reconstruction of human
population structure, historiesand evolution. The
potential benefitsfrom thisresearch are vast and
valuableincluding; abetter understanding of the

genetic and evolutionary factors that influence
populations; an understanding of genetic archi-
tecture of common and complex diseasessuch as
diabetes mellitus, dementias, heart and skeletal
diseases; and abetter understanding of theorigin
of modern humans. The pattern of genetic
variation in modern human popul ations depends
on our demographic history (population
migrations, bottlenecks and expansions) as well
as gene specific factors such as mutation rates,
recombination rates and selection pressure. By
examining patterns of genetic polymorphismswe
can infer how past demographic events and
selection have shaped variation in the genome.
Thus, molecular anthropology has important
implications for evolutionary biology, disease
analyses, and forensics. In this paper, first the
anthropological and genomic basis for genetic
variationisoverviewed followed by some specific
empirical research examples highlighting the
usage of the molecular anthropological
investigations. The focus here is on Indian
studies but it cannot be exhaustive due to space
considerations.

ANTHROPOLOGICAL BASS OF
GENETICVARIATION IN INDIA

Contemporary Indian popul ation can broadly
be classified into four major types: Negrito,
Australoid, Mongoloid and Caucasoid (Malhotra,
1978; Bhasinet d., 1994; Bhasin and Walter, 2001).
The Negrito is mostly confined to the Andaman
Islands, Nilgiri Hillsand afew regionsaong the
western coast of India. The Australoids are
primarily distributed in the central and southern
regions. The Mongoloid element ismostly found
inthe north-east and the sub-Himalayan regions,
whilethe Caucasoid element in Indiaisthe most
widespread.

The Indian population is socially organised
into distinct groupsthat are largely endogamous
and reproductively isolated. Themgjority practice
Hinduism and follow the Hindu caste system and
arehierarchically organized in Upper, Middleand
Lower strata. Cultural norms act as barriers to
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inter-caste marriages. Traditionally, each caste
pursued ahereditarily prescribed occupation, and
different casteswerelinked to each other through
apre-determined pattern of barter of servicesand
produce (Karve, 1961). Many religious commu-
nities, such as, Muslim, Christian, Sikh, do not
belong to the Hindu or the tribal groups. Indian
populations exhibit awide variety of cultural and
linguistic diversities. The population of the
subcontinent can be divided into five major
linguisticfamilies: Iranian, Indo-Aryan, Austro-
Asiatic, Tibeto-Burmese and Dravidian. The
majority of the people speak Indo-Aryan
languages, followed by Dravidian. The Austro-
Asiatic speakers were indigenous to the eastern
region in ancient times. The Dravidian speaking
tribes of South and Central India are thought to
be descendants of the original inhabitants of the
Indian subcontinent who adopted the Dravidian
language in preference to their own mother
tongue.

Within each linguistic and religious group,
socio-cultural and biological characteristics
delineate numerous endogamous ethnic groups.
These ethnic groupsfall into the broad categories
of caste/scheduled castes, tribes/scheduled
tribes, and some other communities. Thissocial
organisation may be further complicated due to
territorial affiliation of various tribes and caste
groups. It isevident from many studies that the
highlevel of heterogeneity in Indian popul ations,
governed by high level of endogamy produced
by numerous social restrictions, along with
genetic drift haskept the Indian gene pool distinct
from other continental populations. Therefore, for
biological and medica studies, the criteria for
selection of population should be based on their
regional, anthropological, linguistic, religious,
tribal and ethnic attributes.

HUMAN GENOMIC VARIATION

The human genome consists of 3 billion base
pairs of nuclear DNA (nDNA) and around 16.6
Kb of extra- nuclear mitochondrial DNA (mtDNA).
The completion of the Human Genome Project
and its descendant, the HapMap project, has
provided researcherswith enormous opportunities
and genetic markers for disease, population and
evolutionary studies. It is now well established
that less than 5% of nuclear genome codes for
proteins and the remaining nuclear genome
consistsof unique or low copy number sequences
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and moderateto highly repetitive sequences. This
non-coding genome, whose biological function
isstill not clearly defined, is equally vulnerable
to mutations and has become a goldmine for
anthropological and population genetic studies.
These newly defined DNA markersnot only gave
anew ook to theinvestigation of human genetic
diversity, but initiated anew and important erain
the application of anthropological geneticstothe
field of forensic geneticsand molecular medicine.
Many types of DNA polymorphism have been
observed in the coding and non-coding parts of
the human genome, the prominent among them
areoutlined below.

a. SingleNucleotide Polymor phisms (SNPs)

DNA polymorphisms were first studied by
Southern analysis of DNA digested with
restriction enzymes. Thistype of polymorphism
is called restriction fragments length poly-
morphism (RFLP), asallelesdiffer in thelength of
therestriction fragments obtained upon digestion
with various restriction enzymes. The most
common reason of RFL Psisanucleotide replace-
ment/ substitution in the recognition site. This
type of polymorphism is now renamed as SNP
(singlenucleotide polymorphism). Single Nucleo-
tide Polymorphisms (SNPs, commonly pronounc-
ed as “SNIPs’ ) are the most abundant types of
polymorphismsin the human genome. Thehuman
genome containsmorethan 10 million SNPs. Due
to the improvement and automation of sequenc-
ing methodol ogies, and the development of DNA
micro-arrays, these markersare now extensively
studied in the human genomefor their association
with different complex diseases, for under-
standing various aspects of population differen-
tiation and human evolution (Rosenberg et al.,
2002; Clark et al., 2003; Salisbury et al., 2003;
Garriganand Hammer, 2006). Itisexpectedthat a
uniform analysis of vast numbers of randomly
selected SNPs on various populations will
provide a better understanding of genetic affini-
ties, disease diagnostics, forensics and analysis
of complex diseases. Comprehensive studies on
anthropologically interesting populations from
India are in progress (The Indian Genome
Variation database, |GV db, 2005).

b. Repeat L ength Polymor phisms

Repetitive sequence elements are distributed
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over the entire human genome, and they are
subdivided into tandemly arrayed (satellites,
minisatellites, microsatellites) or interspersed
(LNIES and SINES like Alu repeat) repetitive
sequences. Jeffreys and colleagues (1985) were
the first to demonstrate the potential of repeat
length polymorphisms (minisatellites) for forensic
and anthropogenetic applications. Minisatellites
havealarger corerepeat sequence (normally 10-
70bp) and are highly polymorphic but their
analyses are laborious and require high quality
DNA and complex statistical methods.
Minisatellitesbecame apopular choiceinforensic
and population analyses in the late 1980s and
early 1990s but increasingly have been replaced
by other genetic markers (Bowock et a., 1994,
Papihaet al., 1996a). Microsatellites, also called
STRs(short tandem repeats), have ashorter core
seguence (2-6bp), are PCR-able, can be multi-
plexed and automated, and have discrete alleles.
Both Minisatellitesand microsatellitesare highly
variable, polymorphic, co-dominant and hetero-
zygous and thus are excellent tools for genetic
individualization and population genetic studies
(Bowock et al., 1994; Papihaet al., 1996a; Daset
al., 2002; Mastana and Singh, 2002; Das and
Mastana, 2003; Ranjan et al., 2003; Ghosh et a.,
2003; Agrawal et al., 2003; Sachdevaet al., 2004,
Kashyap et al., 2005; Mastana et al., 2006).
Kashyap and colleagues have documented STR
variation in a large number Indian populations
for forensic and population genetic applications
(see Kashyap et al., 2004, 2006 and references
within these papers for further details).
Chakraborty (1990) suggested that even a
single minisatellite locus could provide infor-
mation concerning sub-structuring within a
population with a statistical power greater than
several classical genetic markers studied
simultaneously. The minisatellite loci have high
heterozygosity and a vast number of alleles but
their high mutation rate makes them more useful
to explore recent population history. However,
microsatellite or STRs are used extensively to
analyse intra and inter-popul ation affinities and
deeper evolutionary history. Overall, these
studies have highlighted that these loci are
polymorphic in Indian populations and there is
no significant deficiency in heterozygosity levels
asonewould expect in endogamous popul ations.
The Fg values for the minisatellites and
microsatellitesare of low to moderate range (1.2-
5.4%) invarious studies. Thesevauesaredightly
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higher than the Fg; values reported for conven-
tional system from different populations and
regions of the Indian sub-continent (range 0.6%
t02.1%) (Papiha, 1996).

Interspersed repeated DNA sequences can
be divided into two classes: short interspersed
nuclear elements (SINEs) and long interspersed
nuclear elements (LINES). Themost extensively
studied classof SINEsare Aluinsertionsduetheir
abundance aswell astheir association with many
biological functions and diseases (Batzer and
Deininger, 2002). Further details of the Alu
insertion polymorphismsare outlined below (see-
examples of research applications).

A worldwide study of Aluand microsatellite
polymorphisms revealed that it was possible to
classify individuals as belonging either to
African, European or East Asian continental
clusters with high probability using around 100
genetic loci. However, Indian popul ations, when
added to the STRUCTURE analyses, failed to
form/belong to a discrete cluster indicating a
significant genetic heterogeneity among the
populations studied (Bamshad et al., 2003)

A recent on 1,200 genome-wide polymor-
phisms (microsatellites and insertion deletion
polymorphisms) in 432 individualsfrom 15 Indian
populations sampled in the United States
demonstrated alow level of genetic differences
and differentiation among these populations
(Rosenberg et al., 2006). The selection of these
populations is based on spoken language and as
such may not be representative of true endo-
gamous and heterogeneous nature of population
of India, therefore results should be considered
with caution. Inaddition, number of individuals
studied from each group/region/language group
issmall.

¢. Uni-parental DNA Polymor phisms

The mtDNA and Y chromosome analyses
have proven to be the most useful for studying
historical population movements because of their
easein analysesand non-recombining nature. In
the absence of a recombination event, both
mitochondrial and Y-chromosomes behave as
single units, and various markers stretched across
are inherited as single blocks. This synteny of
markers generates haplotypes, and the frequency
of these haplotypes show great diversity in
human populations. The mtDNA is inherited
through the maternal cytoplasm therefore; varia-
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tionin mtDNA providesarecord of the maternal
lineages. Y chromosome DNA documents the
paternal lineage (Jobling and Tyler-Smith, 2003).
Essential data and information can be obtained
usingtheY and mtDNA, whichisoften helpful in
understanding the difference between male and
female migration and biological evolution to the
present day. A large number of research papers
have recently documented the mtDNA and Y-
chromosome variation among I ndian populations
(Bamshadetd., 2001; Kivisildetd., 1999; Corduex
etal., 2003; Kivisildetd., 2003; Basueta., 2003;
Senguptaet a., 2006; Sahoo et a., 2006; Gutalaet
a., 2006; Thanseemet d., 2006; Zerzd etd., 2006).
The mitochondrial DNA (mtDNA) studies
showed that a number of haplogroups and
haplotypes are specific to Indian populations.
The unique mtDNA haplogroups in Indian
populationsinclude: U2a,b,c, R5-8, R30, R31, N1d
and N5 in haplogroup N and M2—-6, M30-47 in
haplogroup M. More than 60% of Indians find
their maternal roots in Indian-specific branches
of haplogroup M. Because of its deep time depth
and virtual absenceinWest Eurasians, it hasbeen
suggested that haplogroup M was brought to
Asia from East Africa along the southern route
about 60,000 years ago by the earliest migration
wave of anatomically modern humans (Kivisild
etal., 1999; Kivisldetal., 2003; Basu et d ., 2003).
Within M haplogroup, extensive variation has
been documented which is geographically
population specific. Mitochondrial DNA profiles
from alarger set of populationsall over the sub-
continent have bol stered the view of fundamental
genomic unity of Indians (Roychoudhury et al.,
2001; Basu et d., 2003; Kivisild et al., 2003;
Corduex et ., 2003). Thanseem et al. (2006) also
did not find any significant difference between
Indian tribal and caste populations in mtDNA,
except for the presence of a higher frequency of
west Eurasian-specific haplogroupsin the higher
castes from North India. Overall diversity in the
mitochondrial genomein Indian populationswas
estimated to be nearly ashigh asin Africans, and
higher than in Europeans and other Asians.
TheY-chromosome analyses showed that the
Indian caste populations were more closely
related to Europeans than East Asians (Bamshad
et al., 2001). Thetendency of higher caste status
to associate with increasing affinitiesto European
populations hinted at a recent male-mediated
introduction of West Eurasian genes into the
Indian gene pool (Bamshad et al., 2001; Kivisild
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etal., 2003; Basuetd., 2003; Senguptaet ., 2006;
Sahoo et al., 2006; Gutdlaet ., 2006; Zerza etd.,
2006). Recent studies on Indian Y lineages
revealed distinct distribution patterns among
caste and tribal populations. The paternal
lineages of Indian lower castes showed signi-
ficantly closer affinity to the tribal populations
than to the upper castes. Thefrequencies of deep-
rooted Y haplogroups such as M89, M52, and
M95 were higher in the lower castes and tribes,
compared to the upper castes (Thanseem et al.,
2006).
Many additional types of DNA polymor-
phisms (Copy number variants, CNVs) have
recently been discovered but the anthropol ogi cal
usage of these markersis yet to be examined in
detail. The selection of the genetic markers for
anthropological research is determined by the
ability of the given marker to solve thetasksand
by the technical aspects including type and
nature of sample collection.

Overall studies on genetic diversity and
affinities among contemporary human popu-
lations are useful for past popul ation movements
and identifying ancestral populations, and
disease and association studies.

MOLECULAR ANTHROPOLOGY:
SOME EMPIRICAL RESEARCH
EXAMPLES

1. Alulnsertion Variationin India

In this section, using a part of research data
from our on going studies, the applications of
DNA analysesare shown. Aluinsertion polymor-
phisms have been chosen asthese are dimorphic,
bi-parental, relatively easy to analyse and do not
require specialist equipment.

Aluinsertional elementsrepresent thelargest
family of Short INterspersed Elements (SINES) in
humans. They are named due to the presence of
an Alul recognition site in the sequence. The
human genome containsmorethan 1 million Alu
repeats, which account for ~10% of the total
nuclear DNA. Alu repeats are generally located
in non-coding regions. Alu insertions are of
approximately 300 bp in length, dimeric in
structure, and are composed of two nearly
identical monomers joined by a middle A-rich
regionaongwitha3' oligo (dA)-richtail and short
flanking direct repeats (Fig. 1).

Alu elements increase in number by retro-
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Fig. 1. The dimeric structure of the Alu element. The two halves are linked by an adenine-rich area. The
right monomer includes a 31-base pair insertion, and the left half contains the RNA polymerase |11
promoter (boxes A and B). The total length of each Alu sequence is ~300 bp, depending on the length of

the 3" oligo (dA)-rich tail.

transposition-a process that involves reverse
transcription of an Alu-derived RNA polymerase
[11 transcript (Batzer and Deininger, 2002). Alu
repeats can affect the composition, organization
and expression of the genome, thereforethey play
a significant role in the occurrence of human
genetic diseases.

A variety of Alu subfamilies have been
discovered based on the variation of the base
DNA sequence. The youngest subfamilies have
integrated into the human genomein the past 4-5
million yearsafter the divergence of humansand
African apes(Batzer et a., 1996; Roy-Engel et al.,
2001). Approximately 5000 Alu elementsin the
human genome have integrated into the human
genomerelatively recently, following the human-
chimpanzee split (Batzer et ., 1996; Stoneking et
al., 1997). Furthermore, about 25% of this small
subset are not fixed in human populations and
therefore provide polymorphic markersintheform
of presence/absence variants. These Alu-based
variants provide useful DNA markersfor human
population studies, forensic studiesand paternity
analyses.

Aluinsertions/repeats are convenient genetic
markers. First, theinsertion of an Aluelement at a
certain chromosomal siteisan uniqueevent, which
means the individuals that share Alu insertion
polymorphisms have inherited the Alu elements
from a common ancestor, which makes the Alu
insertion alelesidentica by descent. Second, they
are stable polymorphisms - once inserted, the
elementsarefixed in the genome, asthereareno
specific mechanismfor removing them. Evenwhen
arare deletion occurs, a significant remnant is
left behind. Third, the ancestral state of the Alu
insertion is known to be the absence of the
insertion. Polymorphic Aluinsertions are human
specific and absent in nonhuman primates. It is
possible to create a hypothetical ancestral
population with frequencies of zero for all human

specific Alu insertions therefore allowing
phylogenetic analyses. The recent studies have
shown that the root of population treeislocated
near the African Sub-Saharan populations pre-
sented evidence for an African origin of modern
human popul ations (Stoneking et ., 1997). While
there are many reports on Alu polymorphismsin
different populations of the world (Batzer et al.,
1996; Stoneking et a., 1997; Watkinset a., 2003),
studies from the Indian Subcontinent are limited
torelatively small number of loci and populations
(Majumder et d., 1999; Viswanathan et a ., 2003).

This study employed 30 Alu insertion
polymorphisms in 10 endogamous populations
belonging to two geographical areas, consisting
of atotal of 984 unrelated individuals. An Alu
locus consisting of presence and absence
variants of an Alu element yields three possible
genotypes. Assaying additional Alu variants
exponentially increases the number of possible
genotypes (3"). Alu dimorphisms were selected
in which both presence and absence alleles are
common and hence moreinformative. Information
on intermediate frequency Alus was collected
from published literature (Carroll et a., 2001; Roy-
Engel etal., 2001; Watkinset al., 2003,) including
primer sets, expected amplicon sizes, and
frequencies among various ethnic groups. The
Alu loci analysed in thisstudy included, TPA25,
ACE, APO, D1, B65, Col3A1, H$4.32,HS4.65,
PV92, S019.12,3019.3, YabNBC102, YabNBC123,
YabNBC148, YabNBC171,YabNBC182, YabNBC
216, YabNBC241, YabNBC242, YabNBC27, Yab
NBC333, YabNBC354, YabNBC61, Y bBNBC106,
Yb8NBC120, Yb8NBC125, Y b8NBC13, Yb8NBC
201, Yb8NBC207 and Y b8NBC243 (Carroll et .,
2001; Roy-Engdl et al., 2001; Watkinset a., 2003).

The cohort of the populations studied
included North India (Punjab) [5] and Western
India[5]. The Punjabi endogamous popul ations
were sampled from towns and villages of Patiala
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district and included Brahmin (103, hereafter
referred asBrahmin-N), Khetri (110), Jat Sikh (106),
Lobana (104) and Scheduled caste (86). The
Western Indian populations were sampled from
Mumbai and included Brahmin (101 hereafter
referred as Brahmin-W), Maratha 110), Muslim
(96), Patel (104) and Parsee (64) (Mastana and
Papiha, 1994; Papiha et al., 1996a,b). Insertion
allelefrequencies and associated standard errors
were calculated for each locus separately in
individual population sample. An estimate of
unbiased heterozygosity was obtained from
expected allele frequencies for each locus. The
DA distance was calculated using the DISPAN
programme and aunrooted UPGMA dendrogram
was constructed from DA distance matrix. The
correspondence analysis of allele frequenciesis
also used as an independent method to assess
the level of genetic affinity among the different
population groups. Relative amount of the gene
flow was assessed using the Harpending and
Ward’'s method of regression analysis
(Harpending and Ward, 1982).

Significant departures from Hardy-Weinberg
equilibrium expectationswere observed in 20 of
300 comparisons. However, 8 of 10 populations
deviated fromthe HWE at D1 locus. Ignoring the
D1 locus, only 12 loci in different populations
showed deviation, which is well below the rate
onewould expect by chanceaone (5%). Similar
deviation at the D1 locus has been observed in
some other studies also and requires further
investigations. Parsees differed at a number of
pair-wise chi-square comparisonsat different loci.
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All loci were polymorphicin the populations
studied and arange of insertion frequencies was
observed at different loci. The overall pattern of
allele frequency variation at different loci is
extensive and comparable to other Indian and
European studies. Single locus-by-locus
descriptions are probably not very useful dueto
stochastic variation. A snap shot of genetic
variation at six representative loci is given in
figure2. Inthisfigure, TPA25 insertion frequency
varies from 43% (Jat Sikh) to 61% (Maratha).
Brahmins from western India show arelatively
lower frequency of FXI111B (0.203). For theAPO
locus, most populations had insertion frequencies
above 70%. Parsee showed very low frequency
of PV92 insertion (16%), which is towards the
lower range found in the European populations
(18-25%) (Stoneking et .., 1997; Roy-Engel etd.,
2001; Watkinset a., 2003).

The average heterozygosity for each locus
was substantial, with several values approaching
the maximum attainablevalue of 0.5for abi-aldlic
locus. The average population heterozygosity
ranges from 0.338 (Parsee) to 0.426 (Scheduled
castes) for all loci. North Indian populations
showed dlightly lower of G4 (0.048) compared to
Western Indian (0.060), though the differences
aredtatistically non-significant. Overal, thelevel
of genetic diversity (G,) atall loci in the present
set of populationsis moderate asonly 5.4 % of
thepopulation diversity isattributable at genomic
level. Thisleve of differentiationisdightly lower
than that observed in populations from East and
North (6.8%), and South India(8.3%) (Maumder
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Fig. 2. Insertion frequencies of selected Alu loci



MOLECULAR ANTHROPOLOGY: POPULATION AND FORENSIC GENETIC APPLICATIONS

etal., 1999, Vishwanathan et a ., 2003), but direct
comparisons are not applicabl e as the number of
loci aredifferent inthese analyses. The observed
G, level isdtill nearly fivetimesgreater thanusing
blood group, red cell enzyme and serum protein
markers (Mastana and Papiha, 1994; Papiha,
1996). It provides evidence that an appreciable
amount of inter-population differentiation is
reflected in polymorphic Aluinsertions. Asthere
many more Alu polymorphisms in the human
genome, the potential of these markersfor usein
studying population diversity and inter-
relationshipsisremarkable.

Alu elements provide useful amounts of
variationin evolutionary heritage, whichisshown
by the use of phylogenetic tree analysis. The
figure 3 shows the un-rooted dendrogram
produced from multidimensional DA distance
matrix. Overall populations are differentiated
according to the place of habitation and caste
structure. Itisinteresting to note that two Brahmin
groups do not show close genomic proximity.
Instead, they are closeto geographically proximal
populations. Brahminsand Muslim from Western
India aso cluster together showing lower level
of differences. Interestingly, the Parsee popu-
lation, as expected, shows isolation and signi-
ficant differences with other populations from
Western India. Similar conclusions have been
observed in other studies on conventional and
molecular genetic markers (Mastanaand Papiha,
1994; Papihaet a., 1996b; Rosenberg et al., 2006)

Correspondence analysis was employed as
an aternative method to assess genetic affinities
of the population studied (Fig. 4) This figure
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Fig. 3. Unrooted dendrogram of North and West
Indian populations
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Fig. 4: Correspondence analysis plot of studied
populations

illustrates that most populations form a loose
central cluster and maintain geographical
proximity, but Parseeareisolated, indicating their
distinct origins and perhaps reproductive
isolation.

The genetic drift and migration would
determine whether a population group is
incompletely isolated or distributed over a
geographical space. This is supported by
observed patterns of genetic diversities. These
patterns are also generated by interactions with
populations outside the set of populations under
consideration. Harpending and Ward's method
of regression of heterozygosity on genetic
distance provides some evidence in support of
the above hypothesis (Fig. 5). About half of
populations (5) experienced lesser geneflow than
predicted. These populations, like Brahmin-N,
Lobana, Brahmin-West, Maratha and Parsee are
below theregression line and therefore exhibit a
lower level of gene flow or barriers to random
mating. Interestingly, Scheduled Castes showed
ahigher level of geneflow aong with Jat Sikhs,
Patel and Muslims. Brahmin groups from North
and West India along with other endogamous
populations show lower levels of gene flow.

Overall Alu insertion results confirm that
studied Indian populations are socially and
geographically structured.
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Fig. 5. Plot of Heterozygosity (Het) vs. Distance
from the Centroid.

2. TheMystery of Sinhalese Origins: An Alu
per spective

Theorigins of the Sinhal ese population of Sri
Lanka have attracted the attention of many
anthropologists and geneticists. There are a
number of theories about the origins but none of
these provides conclusive proof. One theory is
the legend of Prince Vijayaand the colonisation
of Sri Lankaby a party of 701 individuals from
north Western India, arriving at the Tambapani
beach in the north western Sri Lankan province
in543 B.C (Saha, 1988; Kshatriya, 1995; Papihaet
al., 1996; Papihaand Mastana, 1999).

Prince Vijayais reported to be the grandson
of PrincessKalingaof Bengal. The son of Princess
Kadinga, Sihabahuisreported to have had 32 sons,
all bornintheWest of India, Gujarat (Kshatriya,
1995). Theeldest of the 32 sonswas Prince Vijaya.
It is hypothesised that Vijaya's party may have
individuals from different parts of India who
inhabited Sri Lanka and genetically contributed
to the contemporary Sinhalese population.
Prince Vijayaal so married adaughter of the King
of Madura (Tamilnadu). Many individuals
travelled with her to Sri Lanka, thereforeleading
to theories that the Sinhal ese have their ancestry
in Tamil/South Indian populations. Many resear-
chers have attempted to untangle the mystery of
the Sinhalese origins as they seem to have
genomic contributions from many areas of India
(Saha, 1988; Kshatriya, 1995; Papihaet al., 1996;
Papiha and Mastana, 1999) but results with
conventional systems are contradictory and
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partial. New genetic markers may be ableto pro-
vide a perspective on the origin of the Sinhalese.

In order to address these, we analysed the
above mentioned 30 Alu polymorphisms in a
sampleof 121 Sinhalese collected from Colombo,
Sri Lanka (Papiha et al., 1996b; Papiha and
Mastana, 1999). In addition, Alu frequency data
from Bengali (89) and Tamil (101), North and
Western Indian populations (from the above
study) were used for evaluation of genetic
variation, affinitiesand genetic admixture. Overall
pattern of allele frequencies is comparable to
Indian populations but significant differences
wereobserved at number of loci. Overall pattern
of genetic relationships points towards
substantial Bengali contribution asshownin DA
distance derived dendrogram (Fig. 6) and
admixture analyses.

A number of genetic admixture calculations
were carried out using Tamil, Bengali, Gujarati
(Patel), and Punjabi as parental populations.
Admixture calculationswere performed using two
different methods- point estimates and maximum
likelihood method. In all combinations, Bengali
population seems to have higher contributions
57.49% (95%Cl 36.89-78.59) compared to 42.51%
(95%CI 0.7 - 9.15%) of Tamilsby point estimates.
Maximum likelihood method increased the Bengdli
contribution to 88.07% (95%CI 0.1-100%). When
three parental populations were used Bengali
contribution remained strong (50-66%) followed
by North Western (20-23%) and rest contributed
by Tamil. It should be pointed out that these
results are based on relatively small number of
loci (30 Alus), but the contributionsare comparable
to classic/conventional, mini-satellite and
microsatellite systems (Papiha and Mastana,
1999). Overall analyses demonstrate that Alu
insertion polymorphisms though only bi-allelic
can be used to evaluate the admixture propor-
tions.

Sinhalese

Bengali
Tamil
Punjabi

Gujarati

Fig. 6. UPGMA dendrogram of five populations of
Indian Subcontinent.
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3. Alu Polymor phisms. ForensicApplications

As Alu insertion polymorphisms are easy to
analyse, identical by descent, their forensic usage
have been proposed. There are limitations as
these polymorphismsare only bi-allelic, difficult
to multiplex with standard technol ogies and have
high match probabilities at individual loci. We
also examined the usage of Alu polymorphisms
for forensic purposesin Indian populations. One
of the aims of these analyses was to evaluate
their suitability and to address substructureissues
in forensic analyses. In the analysis of 10
populations from North and West India, it was
observed that individual Alu match probabilities
arerelatively high (vary from 35 to 80%) but when
all loci are combined it provides the low and
conclusive match probabilities with high likeli-
hood ratioswhich can beused inforensic analyses
(Table1). D1locuswasignoredinthesecalcula
tionsasit deviated significantly from HWE ina
number of populations. There are some popula-
tion specific differences but these are statistically
non-significant. Overall, these results demons-
trate that Alus are useful markers for forensic
analyses and can be used in conjunction with
other genetic markers like STRs and SNPs.
Additional Alu insertion polymorphisms (20-25)
will be required to provide match probabilities
similar to STRoci.

Table 1: Forensic calculations for different populations

Population Combined Match Likelihood

Probability Ratio 1 in ...
Brahmin-N 1.13E-10 8859535282
Khatri 9.87E-11 10134990865
Scheduled Castes 3.53E-10 2830338360
Lobana 8.86E-11 11290083313
Jat Sikh 6.24E-11 16027186255
Brahmin-wW 5.74E-11 17426158582
Maratha 9E-11 11106867825
Patel 1.53E-10 6541084968
Muslim 1.03E-10 9742888092
Parse 1.34E-10 7478191733

CONCLUSIONS

Since dataof any particular kind are often too
fragmentary to enablereconstruction of acompo-
sitepicture of the people of any large geographical
area, amulti-disciplinary approach arewarranted.
The aboveinvestigations show that geographical
proximity, ethno-history, biosocial and cultural
affiliation all seem to be important determinants
of the genetic affinities among the popul ations of
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the Indian subcontinent. However, one should
be careful about drawing conclusions about the
observed diversity because differences might be
attributed to the number and type of genetic
systems analysed and the application of multi-
variate methods. Sincethe genetic differentiation
intheregional and caste/tribal populations of the
Indian subcontinent islow to moderate, although
large enough, selection of patients and controls
from appropriate populations for genetic
epidemiology studies should be done with the
help of Anthropologists to avoid any stochastic
error that might generate erroneous results.
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ABSTRACT Molecular anthropology - the study of human genetic polymorphisms - is fast and ever-growing branch
of anthropology that holds a great promise for both past and future. Indian subcontinent with its remarkable
environmental, geographical, morphological, genetic, cultural and linguistic diversity provides immense promise for
anthropological investigations to address origins of its people, population movements, analysis of genetic architecture
in human diseases and gene-environment interactions. Severa types of DNA polymorphisms have been discovered in
the human genome and have been found to be very productive in addressing molecular anthropological questions. This
paper traces the usage of some of these polymorphisms in the study of populations of India. Using a battery of Alu
insertion polymorphisms, genetic structure and affinities of North and Western Indian populations are evaluated. Alu
polymorphisms are also used to investigate the origin of the Sinhalese of Sri Lanka. In addition, forensic applications
of Alu polymorphisms are demonstrated. These results suggest that there is fundamental genomic unity among
Indian populations and geographic location, caste affiliation and migration/gene flow contribute significantly to the
observed genetic variation in contemporary populations.
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