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Genomic Diversity and Affinities Among Four
Dravidian Tribal Populations of South India: A
Study on Eighteen Autosomal DNA Markers
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Absiract- Polymorphic DNA markers are widely used to study
genomic diversity, as most of them are selectively neutral,
more ubiquitous than polymorphic protein and enzyme
markers. Therefore, it is of great interest to study the genomic
diversity and their relationships among the four south Indian
tribal populations DNA samples from 190 unrelated individuals
belonging to four Dravidian ftribal populations viz.
Malaikuravan, Malasar, Palliyan and Kattunaikkan were
analysed by nine human specific insertion / deletion
polymorphic loci and nine restriction site polymorphic loci to
ascertain their genomic diversity and affinities with other Indian
tribal populations. The results indicate that most of the studied
loci are highly polymorphic in terms of allele frequencies
(average allele frequency=0.51) and average heterozygosity
(H; = 0.49) in all the study populations. The genomic diversity
(Ggp of the four tribal populations was comparatively low
(0.032).

Keywords: — genomic  diversity,  dravidian
heterozygosity, genetic distance, alu indels, RSPs.

tribes,

[. INTRODUCTION

ndia represents one of the most diverse regions in the
world, wherein populations exhibit enormous diversity
in terms of language, culture and ethnicity. The
contemporary Indian population is divided into tribal and
non-tribal groups. Tribal populations constitute 8.2%
(Census of India 2001) of the total population and are
considered to be the indigenous populations of India
(Fuchs 1964; Thapar 1966; Ray 1973). The total number
of tribal groups is estimated to be about 450 (Singh
1992). Population groups inhabiting Tamil Nadu have
the distinction of belonging to the Dravidian linguistic
family and are predominantly of Australoid ethnicity. The
pattern of genetic variation among the tribal population
is complex. The contemporary Dravidian speaking tribes
of Southern and Central India may be descendants of
the original inhabitants of the Indian subcontinent
(Fusch 1973).
Human specific insertion/deletion  polymor-
phisms have been used in this study are known
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to be selectively neutral in nature and the utilization of
widely spaced Restriction Site Polymorphism’s (RSPs)
as ‘“genetic signspots” promised to the successful
mapping of human genome in population studies. The
recent insertion of mobile elements of Alu family in the
human genome provides a distinct class of
polymorphisms in the human genome (Deininger et. al.
1999). Alu insertion polymorphisms are ideal markers
because retroposition produces infrequent, irreversible
and widely distributed insertion elements, each with
known ancestral state (Batzer et al. 1994; 1996;
Stoneking et. al 1997; Melton et. al 1998; Novict et. al
1996; 1998). Alu element insertions have been linked to
several genetic diseases including haemophilia,
hypercholesterolemia and various cancers [Deininger
and Batzer 1999; Belancio et al. 2008]. While multiple
diseases have been attributed to Alu element insertions,
their most important role may be in shaping human
genome architecture.

Alu elements represent an important source of
human genomic variation (Batzer and Deininger 2002)
and forensic identification by using insertion-deletion
polymorphisms (Murthy et al. 2015). Of increasing
significance is the link between these transposon-
mediated mutation and disease (Singh et al. 2014). Alu
(member of a SINE family) insertion / deletion
polymorphisms offer several advantages over other
nuclear DNA polymorphisms for human evolutionary
studies. They are rapid, simple and stable with newly
inserted elements and rarely undergo deletion. Thus, the
use of independent DNA polymorphisms provides a
body of knowledge in looking back to human history. As
they are short enough to show very little or no
recombination and behave as blocks that might have
ancient origins (Tishkoff et al. 1996a). It is recently
proved that ACE deletion / deletion polymorphism could
affect the athletic ability in Turkish population (Inanir et
al. 2014). Restriction maps of DNA regions will indicate
not only the presence or absence of restriction sites, but
also the presences of transposable elements and the
presence of deletions and insertions. The present study
is aimed to investigate the genomic diversity, genetic
differentiation and genomic affinities of four south Indian
tribal populations based on nine human specific Alu
insertion / deletion polymorphisms and nine restrictions
site polymorphisms (RSPs) in the nuclear genome.
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II. MATERIAL AND METHODS

a) DNA extraction and PCR amplification

Blood samples (5 -10 ml veniepuncture) were
collected from 190 healthy unrelated adult volunteers
from four endogamous Dravidian speaking tribal
population of south India with prior informed consent.
The tribal groups are confined in the villages of hilly
tracts and valleys of four different districts of Tamil
Nadu, India. They include Malaikuravan (n = 53) from
Thiruvannamalai, Malasar (n = 46) from Anaimalai in
Coimbatore, Pallyan (n = 50) from Theni and
Kattunaikkan (n = 41) from Chennai (Figure 1).
Genomic DNA was extracted from whole blood by using
the Non - enzymatic salting out procedure method and
was suspended in 10mM Tris and 0.1mM EDTA for
genotyping. All the eighteen polymorphic loci were
genotyped by a standard 30-cycle PCR. Appropriate
annealing temperatures, additives were optimized for
each system and standardized according to the
laboratory condition. PCR amplified segment of all the

nine RSPs loci were subjected to digest with 10 units of
appropriate restriction enzymes. The PCR protocols
have been followed as reported by Stoneking et al.1997
and Majumder et al.1999. Amplified product was then
subjected in to agarose gel (containing EtBr stained)
electrophoresis at 100V. Gel was visualized under UV
light and documented.

The polymorphisms of each major type (Alu
InDel and RSPs) are unlinked, and nearly all are located
on separate chromosome arms. For the present study
nine Alu Insertion- Deletion polymorphisms namely
FXIIB, ACE, TPA25, mtNUC, PV92, APO, PLAT, D1 and
CD4; nine RSPs namely PSCR (Taqg 1), ESR ( Pvu I,
NAT(Kpn 1), HOXB4 (Msp ), T2 (Msp I), CYP1A1 (Msp
), LPL (Pvu Il), ALB (Hae Ill) and ADH2 (Rsa I) were
analyzed. The loci and appropriate primers and
protocols have been describred elsewhere ( Jorde et al.

Figure 1 : Showing sampling location with reference to south India

b) Statistical Analysis

Allele frequencies at each of the nine loci were
calculated by direct gene counting method and
genotypes were analysed for Hardy-Weinberg
Equilibrium (HWE). Nei's expected heterozygosity (Nei
1973) of population was analyzed using Pop Gene
version 1.32 software (Yeh et al. 1999). To assess the
extent of gene differentiation among the population
groups, Nei's measure of gene diversity was calculated
separately for each locus and all loci considered jointly.
The genomic affinity among the populations was
assessed by dendrograms which were constructed by
neighbour joining (NJ) tree (1000 replicates) method

© 2015 Global Journals Inc. (US)

1995; Stoneking et al. 1997, Kidds et al. 1998;
Majumder et al. 1999b; Watkins et al. 20071;
Vishwanathan et al. 2003).

using DISPAN programme (Ota 1993). Tree

reconstruction methods depict population relationships
as a series of bifurcations, which are commonly
interpreted as population split; however, it is important
to realize that clusters of populations in such trees could
arise from migration instead of shared ancestry. The
Harpending and Ward (1982) model was followed to
understand the pattern of gene flow.

I11. RESULTS AND DISCUSSTION

The allele frequencies of (Alu insertion/deletion
loci and RSPs) all the loci are polymorphic in all the
populations are given in Table 1. Hardy-Weinberg



equilibrium was tested using the y 2 test for goodness of
fit after bonferroni correction. It was observed that fifty
three values are significant at 5 percent level. NAT locus
exhibits maximum variation across the populations
ranging from 20% among Kattunaikkan to 57.3% among
Pallian. Alu PV92 locus show least variation between
populations ranging from 55% among Pallian to 60%
among Kattunaikkan. The allele frequency distribution
pattern of these populations is quite similar, which are
observed with other Indian populations (Majumder et al.
1999; Watkins et al. 2001; Vishwanathan et al. 2003;
Veeraju et al. 2008; Saraswathi et al. 2008: Kanthimathi
et al. 2008; Yadav and Arora 2011; Dada et al. 2011;
Kshatriya et al. 2011; Panjalia et al. 2012).

The heterozygosity at each locus and the
average heterozygosity for overall loci for the study
population are given in Table 2. The average
heterozygosity for each locus was found to vary from 0.2
to 0.5. In most of the cases the heterozygosity for a
biallelic marker has attained the maximum attainable
value (0.5). However, the average heterozygosity for all
the loci in each of the populations ranges from 0.469
among Malasar to 0.481 among Malaikuravan. The
average heterozygosity values range from 46.9 % to
48.3 % reflects the genetic heterogeneity.

The amount of genetic differentiation among the
populations, Ggr values (a measure of the inter-

population variability) for each polymorphic locus, along
with observed heterozygosity (Hs) with in populations
and total genomic diversity (H;) were calculated and
presented in Table 3. The Gg; values calculated for each
locus determines the degree of gene differentiation
between the populations and it varies between 0.39 % at
the CD4 locus to 9.4 % NAT locus. When all the loci are
considered together, 3.2 % of the total genomic diversity
is attributable to the inter-population variations. The total
genomic diversity (H;) among the subpopulation is
ranging from 0.458 (CYP1A1) to 0.4999 (ADH2)
whereas, Hgvalue determined between individuals within
population ranging from 0.423 (CYP1A1) to 0.496 (Alu
mtNUC).

There is significantly greater inter individual
variation within each study population than between the
populations, hence the extent of population
differentiation and the incident of average Ggr value for
all markers are rather low in the four tribal groups 0.032
(8.2%) or moderate. Earlier studies have reported Gg;
values ranging from as low as 2.0 % (Kshatriya et al.
2011) among eight western Indian tribal populations, to
as high as 83 % among five south Indian tribal
populations (Vishwanathan et al. 2003).

Table 1 : Allele frequencies and Hardy-Weinberg %2 goodness of fit values at eighteen polymorphic loci in four south
Indian tribal study populations

Locus Population
Malaikuravan Malasar Palliyan Kattunayakkan
n®  P(+) ©  n* P(+) £ P(+) 4 n®  P(#) x

AluFXIIIB- 80 0.5750 0270 68 0.5588 5.786* 84 0.5476 11.634* 78 0.3846 12.01*
AluACE 94 0.691 4.30 72 05694 12.12* 86 0.4884 8.890* 78 0.4615 17.784*
AluTPA25 88 0.5795 0.83 92 0.4891 4113 100  0.3800 12.02* 82 0.5976 8.016*
AlumtNUC 90 0.4778 0420 90 0.5222  0.598 84 0.5357 24920 82 0.4268 17.380*
AuPV92 94 06489 5712 80 05875 4.260 78 0.5513 1.936 80 0.6000 8.984*
AluAPO 92 06196 5514 72 0.5833 6.416* 88 0.3864 2.786 82 0.5000 5.488*
Alu PLAT 94 05426 0889 84 0.5833 18.60* 82 0.5610 10.450* 82 0.4756 0.2065
Alu D1 90 0.5000 0.610 92 0.7826  3.420 68 0.5147 1.580 60 0.4167 2.970
AuCD4 88 04773 1752 88 0.5000 6.470* 100 0.4800 4.384 72 0.4167 14.260*
PSCR 9% 0475 7396 88 0409 13.48* 80 0.288 12.83* 78 0.295 7.446%

ESR 94 0.5 16.12* 88 0.409 5.739* 78 0.577 14.93* 76 0.395 4.27
NAT 88 0409 2456* 86 057 6.725* 82 0.573 5.079* 60 0.2 24.9*
HOXB4 96 0.49 29.38* 88 0.545 3.577 72 0.236 12.56* 56 0.429 13.72*
T2 86 0558 12.69* 78 0.462 17.78* 72 0.444 10.17* 78 0.423 14.93*
CYP1A1 102 0569 31.79* 84 0.833 10.17* 78 0.692 15.24* 68 0.485 15.23*
LPL 88 0.682 10.93* 78 0.41 12.41* 84 0.476 16.47* 76 0.566 13.98*
ALB 106 0557 2652* 80 0638 20.79* 98  0.429 345% 62  0.468 6.513*
ADH2 100 0.41 20.1* 82 0524 54443* 96 0.5 26.17* 72 0.556 10.17*

* Significant at 5% level
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Table 2 : Heterozygosity at individual locus and average heterozygosity based on eighteen polymorphic loci in each
four south Indian tribal populations

Locus Malaikuravan Malasar Palliyan Kattunaikkan

Alu FXIIIB 0.4888 0.4931 0.4955 9.4734

Alu ACE 0.4270 0.4904 0.4997 0.4970

Alu TPA25 0.4873 0.4998 0.4712 0.4810

AlumtNUC 0.4990 0.4990 0.4974 0.4893

Alu PV92 0.4556 0.4847 0.4947 0.4800

Alu APO 0.4714 0.4861 0.4742 0.5000

Alu PLAT 0.4964 0.4861 0.4926 0.4988

n Alu D1 0.5000 0.3403 0.4996 0.4861
S Alu CD4 0.4990 0.5000 0.4992 0.4861
. PSCR 0.499 0.483 0.410 0.416
8 ESR 0.500 0.483 0.488 0.478
2 NAT 0.483 0.490 0.489 0.320
HOXB4 0.500 0.496 0.361 0.490
T2 0.493 0.497 0.494 0.488

~ CYP1A1 0.491 0.278 0.426 0.500
8 LPL 0.434 0.484 0.499 0.491
;: ALB 0.494 0.462 0.490 0.498
ADH2 0.484 0.499 0.500 0.484

All loci 0.4830 0.4690 0.4760 0,4750

[ssue

Table 3 : Results of gene diversity analysis for individual loci and for all loci jointly considered in the study

S populations
é Locus Ggr H; Hg
9 Alu FXIIIB 0.0236 0.4994 0.4876
_ Alu ACE 0.0323 0.4944 0.4784
o Alu TPA25 0.0298 0.4997 0.4848
~ AlumtNUC 0.0070 0.4998 0.4961
5 Alu PV92 0.0050 0.4812 0.4787
7 Alu APO 0.0322 0.4990 0.4829
= Alu PLAT 0.0065 0.4966 0.4934
3 Alu D1 0.0764 0.4942 0.4564
5 Alu CD4 0.0039 0.4980 0.4960
= PSCR 0.0276 0.4650 0.4521
Y ESR 0.0217 0.4982 0.4873
5 NAT 0.0945 0.4923 0.4457
% HOXB4 0.0556 0.4887 0.4615
K T2 0.0107 0.4984 0.4930
E CYP1A1 0.0752 0.4580 0.4236
5 LPL 0.0418 0.4977 0.4769
- ALB 0.0262 0.4989 0.4858
= ADH2 0.0117 0.4999 0.4940
5 All loci 0.0321 0.4922 0.4764

The genomic affinities among four study allele frequencies using the DA distance measure and is
populations are represented as Neighbour Joining tree  presented in Table 4. The maximum genetic distance
in Figure 2 using allele frequency data of eighteen loci. was observed between Malasar and Kattunaikkan

B This tree is divided into two clusters: Palliyan / Malasar  (0.0170) and the least between Malaikuravan and
and Malaikuravan / Kattunaikkan. It is seen that the Kattunaikkan (0.0083). The genetic distance analysis
genomic affinities among the study populations attest indicates that the Malaikuravan and Kattunaikkan are
their socio-cultural affiliation. Pairwise genetic distances  closely related where as the Malasar and Kattunaikkan
between the study populations were calculated from the  distantly related.

© 2015 Global Journals Inc. (US)
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Figure 2 : Neighbour joining tree depicting genomic affinities among four tribal populations of south India

Table 4 : Matrices of pairwise DA distances among four south Indian tribal Populations

MK MR PAL KN
MK 0.0000
MR 0.0099 0.0000
PAL 0.0110 0.0102 0.0000
KN 0.0083 0.0170 0.0115 0.0000

To determine the genetic relationships of the
present study populations with other Indian tribal
populations, the data of eleven including six Alu InDel
loci ( Alu PV92, Alu FXIIIB, Alu APO, Alu ACE, Alu CD4
del and Alu D1) and five RSPs loci (ESR, PSCR, NAT,
T2, LPL). The observations that are common with the
present study were used to construct the neighbour
joining (NJ) tree, reported by Majumder et al. (1999),
Mukherjee et al. (2000), Veeraju et al. (2001),
Vishwanathan et al. (2003), Saraswathy et al..(2008),
Ksatriya et al. (2011) and Dada et al. (2011). The tree
consists of the 25 tribal Indian populations including the
four study populations is presented in Figure 3. The
phylogenetic analysis demonstrates that the study
groups genetically stand apart from other Indian tribal
group except Kattunaikkan. Most of the tribal
populations cluster themselves into their appropriate
geographical location of the states. It is generally
believed that southern India remained isolated and
cushioned from foreign invasions (Rajkumar and
Kashyap 2004), although some genetic admixture may
have taken place.

Harpending and Ward (1982) derived a
regression of heterozygosity, genetic distance. This
theory assumes a simple linear relationship between the
average heterozygosity of a population from the centroid
(the overall mean allele frequency of the populations). If
a population is receiving gene from outside (these
population used in the analyses) at a higher than
average rate, then the heterozygosity will be higher than
predicted. A lower than predicted heterozygosity implies
that the population is more isolated, there by receiving
less gene flow than average.

© 2015 Global Journals Inc. (US)

XV

Research (G) Volume

Frontier

Global Journal of Science



Global Journal of Science Frontier Research (G) Volume XV Issue I Version I E Year 2015

20 Kota

Toda

Badaga

Kurumba

Hulba
Muria

32 Kamar
Thot is
1
lgl:_c-hidabhun jia
2 Navakpods
18 |— Chakhut iabhunhia

Kolams

Malasar

12 'Pallivan

14

21

16

34

Kat tunaikkan

Malaikuravan

Vasava
Dubla

Pavagathi Chaudhhary

Nana Chaudhhary

Gamit
Konkana

|
“|Dhodia

MotaChaudhhary

Figure 3 : Neighbour — Joining tree depicting genomic affinities of 25 tribal populations of India based on allele
frequency data of six InDel and five RSPs loci

Centroid analysis was also performed by
pooling the data of the present study with those of Stone
king et al. (1997); Majumder et al. (1999), Mukherjee et
al. (2000), Veeraju et al. (2008), Vishwanathan et al.
(2003), Saraswathy et al. (2008), Ksatriya et al. (2011)
and Dada et al. (2011) based on five alu insertion loci
(PV92, FXIIIB, APO, ACE and D1). The genetic distance
of the gene frequencies from the centroid and the
average heterozygosity (Hs) are presented for each of
the 70 populations presented in Figure 4. It is clear from
the figure that the average heterozygosities of 11

© 2015 Global Journals Inc. (US)

populations are greater than predicted values. Of these
11 populations, 2 Rajasthan, 2 Western Indian, 3 south
Indian, 2 Madhya Pradesh, southern and western Asia
each one population. The Indian populations 26 out of
16 (including the study populations) and world
populations 34 out of 2 (Stone king et al. 1997)
exhibitihng average heterozygosity is lower than
predicted. The results imply that these four tribal
population groups of Tamil Nadu are they completely
isolated.
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Figure 4 : Genomic affinities of the study population with other Indian tribal and world population based on average
heterozygosity Vs distance from centroid at five Insertion loci

The present study reveals that the four
Dravidian tribal populations from south India are highly
polymorphic, highly heterozygous in nature with lower
genomic differentiation. However, similar studies on
other population groups of south India with complete
representations of populations will help in understanding
population relationships, evolutionary and migratory
histories of Indian subcontinent.
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