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ABSTRACT The present study was conducted to investigate the genetic diversity and affinities of four South
Indian tribal populations namely, Malaikuravan, Malasar, Palliyan and Kattunaikkan. DNA samples from 184
unrelated individuals belonging to four tribal populations were analyzed for nine human-specific insertion and
deletion polymorphic loci. The results indicate that all the studied biallelic loci are highly polymorphic in terms of
allele frequencies and average heterozygosities (H, = 0.49) in all the study populations. The genomic diversity
(Gg;) of the four tribal populations was quite low (2.4%). The neighbor joining tree and centroid analysis showed
that the four tribal populations under consideration are equally distant from other Indian tribal and world populations.
The results reveal that the study populations have received moderate gene flow compared to other populations.

INTRODUCTION

The ethnic population of India is highly di-
verse both, biologically and culturally (Majum-
der 1998). The structure of the Indian popula-
tion consists of tribal and non-tribal populations.
The tribes are considered to be the original in-
habitants of India (Ray 1973), and form 8.2 per-
cent of the total population (Census of India
2001). The genetic studies on Indian popula-
tions has pointed towards the firm social bound-
aries, strict endogamy practices and evolution-
ary forces that have played a major role in build-
ing the diverse genetic structure of the present
day Indian populations (Singh et al. 2012). In
South India, a different pattern of allele and hap-
lotype frequencies and mean values are gener-
ally observed among the tribal population
groups, for which one of the main causes might
be the small population sizes. Inbreeding is prev-
alent among certain communities and in most of
the different population groups particularly from
South India, which might have also resulted in
the marked variation in distribution of frequen-
cies, mean values of different genetic markers
and morphological traits (Bhasin 2009).
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Transposable Elements (TEs) are powerful
drivers of evolution. TEs constitute the majority
of genomic DNA in many eukaryotes, and they
dramatically shape genetic content by causing
mutations, rearrangements, and sequence du-
plications. Of increasing significance is the link
between these transposon-mediated mutations
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 stud-
ies. They are rapid, simple and stable with newly
inserted elements and rarely undergo deletion.
Itis recently proved that the ACE deletion/dele-
tion polymorphism could affect the athletic abil-
ity in Turkish population (Inanir et al. 2014). The
present study aimed to investigate the genomic
diversity, genetic differentiation and genomic
affinities of the four South Indian tribal popula-
tions, based on nine human-specific Alu inser-
tion/deletion polymorphisms in the nuclear ge-
nome.

MATERIAL AND METHODS

Blood samples (5-10 ml veniepuncture) were
drawn from 184 healthy, unrelated adult volun-
teers from four endogamous Dravidian speak-
ing tribal populations of South India with prior
informed consent. The tribal groups are con-
fined to the villages of hilly tracts and valleys of
four different districts of Tamil Nadu, India. They
include Malaikuravan from Thiruvannamalai
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(n=47), Malasar from Anaimalai in Coimbatore
(n=46), Palliyan from Theni (n=50) and Kattun-
aikkan from Chennai (n=41). The genomic DNA
was extracted from whole blood using the salt-
ing out procedure and the non-enzymatic meth-
od, and was suspended in 10mM Tris and 0.1mM
EDTA for genotyping. The nine polymorphic loci
were genotyped by a standard 30-cycle PCR.
Appropriate annealing temperatures and addi-
tives were optimized for each system. The PCR
protocols followed for the present study have
been reported previously (Stoneking et al. 1997;
Majumder et al. 1999). After PCR amplification,
amplicons were separated by electrophoresis.
Later the EtBr stained gel was visualized under
UV and documented.

Statistical Analysis

Allele frequencies at each of the nine loci
were calculated by direct gene counting method
and genotypes were analyzed for Hardy-Wein-
berg Equilibrium (HWE). Nei’s expected het-
erozygosity (Nei 1973) of population was ana-
lyzed using the Pop Gene version 1.32 software
(YYeh 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 popula-
tions was assessed by dendrograms, which were
constructed by the neighbor joining (NJ) tree
(for 1000 replicates) method using the DISPAN
program (Ota 1993). The tree reconstruction
methods depict population relationships as a
series of bifurcations, which are commonly in-
terpreted as population split; however, it is im-
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portant 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.

RESULTS

Allele Frequencies and Genomic Diversity
within Populations

The number of chromosomes examined and
allele frequencies of Alu FXI11I1B, ACE, PV92,
TPA25, APO, PLAT, D1, mt NUC and CDA4 dele-
tion locus are presented in Table 1 separately
for the four tribal populations of South India.
The (-) allele frequency for CD4 del locus is pre-
sented because the deletion allele is human spe-
cific. In most of the cases the heterozygosity for
a biallelic marker has attained the maximum at-
tainable value (0.5). The Hardy-Weinberg equi-
librium was tested using the 2 test for good-
ness of fit after bonferroni correction. It was
observed that eighteen values are significant at
a five percent level. The heterozygosities at each
locus and the average heterozygosities for over-
all loci for the study population are given in Ta-
ble 2. The average heterozygosity ranges from
0.475 (Malasar) to 0.491 (Palliyan). The values
of average heterozygosities are almost closer to
the theoretical expectation of HW equilibrium.

Genetic Diversity Between Populations
To quantify the amount of genetic differenti-

ation among inter-population, the G values (a
measure of the inter-population variability) for

Table 1: Allele frequencies and Hardy-Weinberg +2 goodness of fit values at nine indel polymorphic

loci in four south Indian tribal populations

Locus Population
Malaikuravan Malasar Palliyan Kattunayakkan
n2 P(+) +2 n2 P(+) +2 na P(+) 2 n2 P(+) +2

Alu FXIIIB 80 0.5750 0.270 68 0.5588 5.786" 84 0.5476 11.634" 78 0.3846 12.01"
Alu ACE 94 0.6915 4..30 72 0.5694 12.12 86 0.4884 8.890" 78 0.4615 17.784"
Alu TPA25 88 0.5795 0.83 92 0.4891 4.113 100 0.3800 12.02* 82 0.5976 8.016"
Alu mtNUC 90 0.4778 0.420 90 0.5222 0.598 84 0.5357 24.920" 82 0.4268 17.380"
Alu PV92 94 0.6489 5.712" 80 0.5875 4.260 78 0.5513 1.936 80 0.6000 8.984"
Alu APO 92 0.6196 5.514" 72 0.5833 6.416° 88 0.3864 2.786 82 0.5000 5.488"
Alu PLAT 94 0.5426 0.889 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
Alu CD4(del) 88 0.4773 1.752 88 0.5000 6.470" 100 0.4800 4.384 72 0.4167 14.260"

* significant at 5% level
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Table 2: Heterozygosities at individual locus and
average hetrozygosity based on nine polymorphic
loci in each four south Indian tribal populations

Locus Malai- Malasar Palliyan Kattuna-
kuravan ikkan
Alu FXIlIIB  0.4888 0.4931 0.4955 0.4734
Alu ACE 0.4867 0.4904 0.4997 0.4970
Alu TPA25 0.4873 0.4998 0.4712 0.4810
Alu mtNUC  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
Alu D1 0.5000 0.3403 0.4996 0.4861
Alu CD4(del) 0.4990 0.5000 0.4992 0.4861
All loci 0.4805 0.4755 0.4916 0.4839

each polymorphic locus were determined. The
result of the gene diversity analysis is present-
ed in Table 3. The G values calculated for each
locus, to determine the degree of gene differen-
tiation between the populations, varies between
0.39 percent at the CD4 locus to 7.6 percent at
the D1 locus. When all the loci are considered
together, 2.4 percent of the total genomic diver-
sity is attributable to the inter-population’s vari-
ations. The total genomic diversity (H,) among
the sub-populations is high (0.495), whereas the
H, value, which determined the between indi-
viduals within populations, H is 0.483.

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

Locus H. H, G

Alu FXIIIB 0.499456 0.4877 0.023602
Alu ACE 0.494445 0.4784 0.032356
Alu TPA25 0.499733 0.4848 0.029847
Alu mtNUC 0.499824 0.4962 0.007269
Alu PV92 0.481211 0.4788 0.005072
Alu APO 0.499003 0.4829 0.032219
Alu PLAT 0.496699 0.4935 0.006511
Alu D1 0.494275 0.4565 0.076444
Alu CD4 0.498016 0.4961 0.003901
All loci 0.495851 0.4839 0.024159

Genomic Affinities among Populations

The genomic affinities among four study
populations are represented in Figure 1, using
allele frequency data of nine loci by a standard
NJ tree. This tree is divided into two clusters:
Palliyan/Kattunaikkan and Malaikuravan/Mala-
sar. It is seen that the affinities among the study
populations do correlate well with their socio-
cultural affiliation. Instead, populations that oc-

cupy closer geographical habitats show, by and
large, closer genomic affinity. Pairwise genetic
distances between the study populations were
calculated from the allele frequencies using the
DA distance measure in Table 4. The standard
genetic distance ranged from 0.0133 to 0.0367
(between MR and KN). It was observed that
Kattunaikkan is genetically more distant from
other study populations.

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

MK MR PAL KN
MK 0.0000
MR 0.0133 0.0000
PAL 0.0217 0.0170 0.0000
KN 0.0154 0.0367 0.0149 0.0000

To determine the genetic relationships of the
present study, populations with other Indian trib-
al populations, the data of seven Alu indel loci
(AlumtNUC, AluPV92, Alu FXINIB, AluAPO,
AluACE, Alu CD4 del and Alu PLAT) presented
by Majumder et al. (1999); Mukherjee et al.
(2000); Veeraju et al. (2008); Vishwanathan et al.
(2003) and Dada et al. (2011) that are common
with the present study were used. The NJ tree
consisting of the 25 tribal Indian populations
including the four study populations is present-
ed in Figure 2. This tree shows that the tribes
from central India clustered together while the
four South Indian study populations stand apart
genetically. In a similar way, the populations of
Saharia, Koyadora and Kondareddi also get
separated from other populations. In order to
assess the global relationships of the study pop-
ulations, the available Alu insertion data (ACE,
FXIIIB, APO, PV92, PLAT) from Stoneking etal.
(1997) was computed to construct the NJ tree
(Fig.3). This NJ tree shows that the studied pop-
ulations cluster with other Indian population
namely, the Indian Christian cluster that include
global populations.

Gene Flow among Populations

Harpending and Ward (1982) derived a re-
gression of heterozygosity on genetic distance.
This theory assumes a simple linear relationship
between the heterozygosity of a population and
the genetic distance of the population from the
centroid (the overall mean allele frequency of
the populations). If a population is receiving
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Fig. 1. Neighbor joining tree depicting genomic affinities among four tribal populations of South India
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Fig. 2. Neighbor joining tree depicting genomic affinities of four tribal populations with other Indian

tribal populations using seven Alu indels

genes from elsewhere at a higher than average
rate, then the heterozygosity will be higher than
predicted. If it is receiving genes at a lower than
average rate, implying that the population is more
isolated, the heterozygosity will be lower than

predicted. To determine the relative amount of
gene flow experienced by each population, a
comparison of heterozygosity of each popula-
tion against the genetic distance from centroid
was performed. A centroid analysis has been



ALU INDEL POLYMORPHISM OF SOUTH INDIAN TRIBES

85

31 T Java
47 4‘}' Taiwan
Mayan
Alaska Natives
Filipino
i Greenland.Natives
28 Mvskoke
Malaysian
27 '_I'X'|2_|7China
7 2 'Moluccan
Tenggaras
13 I Tamil
Indian - Christian
41 Malaikuravan
Kattunaikkan
4 Malasar
Palliyan
39 e [ndian-Hindu
Australian
Pushtoon
Indian-Muslim
GreekCypriot
27, Turkish Cyprioat
0 UAE
Swiss
Bretons
FrenchAcadian
European-American
16 French
e PNG-Coastal
Pakistan Nigerian
407 S
_7L 1 PNG-Highland
Ikung
s Sotho )
T|_2_| Nguni i Pygmy-CAR
] 701 Pygmy - Zaire

Fig. 3. Neighbor joining tree depicting genomic affinities of four tribal populations with world

populations using five Alu indels

carried out by plotting heterozygosities of the
four study populations and other Indian tribal
populations by pooling the data with those (Ma-
jumder et al. 1999; Mukherjee et al. 2000; Vish-
wanathan et al. 2003; Veeraju et al. 2008; Dada et
al. 2011) against the distance from gene frequen-
cy centroid is based on seven Alu insertion loci
is presented in Figure 4. The analysis suggest-
ed that there could be moderate amount of gene
flow between the set of populations under con-
sideration.

DISCUSSION

Human specific insertion/deletion polymor-
phisms that have been used in this study are
known to be selectively neutral in nature. There-
fore, observed variations in the allele frequen-
cies among populations are highly informative
in assessing the genomic diversity of a popula-
tion. The allele frequency distribution pattern of
these populations was comparable with those
observed in other Indian populations (Majum-
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Fig. 4. Genomic affinities of the study population with other Indian tribal populations based on
average heterozygosity Vs distance from centroid at seven Alu indel loci

der et al. 1999; Watkins et al. 2001; Vish-
wanathan et al. 2003; Veeraju et al. 2008; Kan-
thimathi et al. 2008; Yadav and Arora 2011; Dada
etal. 2011; Kshatriya et al. 2011; Panjalia et al.
2012). Similarities of the allele frequency pro-
file in all the four populations are due to the
influence of their social structure and the strict
endogamy practices.

Population relationships are shown by the
topology of the NJ tree. The structure of the tree
consists of two clusters: Malaikuravan/Malasar
and Palliyan/Kattunaikkan. The comparison of
gene frequencies in the above system shows
variations, which implies that Palliyan and Kat-
tunaikkan are more similar to each other com-
pared to the other two tribal neighbors. The
Malaikuravan and Malasar populations are ge-
netically distinct. The genetic distance analysis
indicates that the Palliyan and Kattunaikkan are
closely related. The NJ tree analysis indicates
that the study populations are grouped togeth-
er and also cluster with other Indian Christian
and world populations. This can be seen with
the Kattunaikkan cluster and Mina, a tribal pop-
ulation of Rajasthan. The average heterozygos-
ity values that range from 47.5 percent to 49.1

percent reflect the genetic heterogeneity in the
study populations.

There is a significantly greater inter-individ-
ual variation within each study population than
between the populations, hence the extent of
population differentiation is rather low and the
incident of average G, value for all markers in
the four tribal groups 0.024 (2.4%). Earlier stud-
ies have reported G, values ranging from as
low as two percent (Kshatriya et al. 2011) among
eight western Indian tribal populations, to as
high as eight point three percent among South
Indian tribal populations (Vishwanathan et al.
2003).

The centroid analysis suggests that there is
considerable amount of gene flow in the set of
population under consideration. Further it can
be explained that higher heterozygosity values
and gene flow may be due to their small popula-
tion sizes and closer proximity. The present study
reveals that the four Dravidian tribal populations
from South India are highly polymorphic, highly
heterozygous in nature, with lower genomic dif-
ferentiation and genetically distant from other
Indian tribal and world populations. The proba-
ble explanation for above results could be their
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small population sizes, strict endogamy practic-
es and their geographical isolation for over a
long period of time.
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