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ABSTRACT Polymorphisms at four mini-satellite loci
(D157, D45139, DAS 10 and DITSTY) were examined
to assess the genetic relationship among five contiguous
and socic-cultumlly distinet ethnic populations (Meitei,
Kuki, Maga, Hmar and Manipuri Muslim) in northeastem
India. All the studied loci were highly polymorphic, with
almost no departure from HW-eguilibrivm. Heterozy-
gosity values among the five groups for the minisatel lite
range from 68% o 94%. The gene differentiation for
the VNTR loci was modemte (Gt = (L0301, Neighboring
joining method of clustering suggests o close cluster for
the tribal groups of Kuki, Naga and Hmar, while Manipur
Muslim i distinct from other populations. The results
show that geographic proximity has the least influence
on genetic variation and support the results obtained
from the traditional markers that northeast Mongoloid
populations show genetic affinity irrespective of their
linguistic backgmound and geogmphic proximity.

INTRODUCTION

India is inhabited by diverse populations of
tribes, castes, religious and migrant groups which
could be referred as fascinating natural population
genetcs laboratory and provides mteresting
insights for studying microevolutionary process.
The Northeast region is particularly interesting
as represented by several tribal populations of
Mongoloid origin, who have migrated from
eastem and southeast Asian regions and settled
in different pants during several waves of migra-
tion (Rapson 1955; Dam 19600, Though they share
similar physical features but speak different
languages and show differences in cultural,
anthropological and genetic traits (characters)
{ Roychoudhury 1992; Bhasin and Walter 2001 ).
The affinity andfor diversity and the micro-
evolutionary nature of these groups have evoked
considerable mterest among the anthropologists
and population geneticists. Several workers have
studied the genetic diversily among some loca-
lized groups using classical genetic polymor-
phisms o understand the genetic structure and

microevolution in northeast part of India (Das
and Deka 1985; Walter 1986; Das et al. 1987,
Chakraborty et al. 1986; Deka et al. 19885;
Roychoudhury 1992; Bhasin et al. 1994). For
example, investigating the genetic relationship
based on available classical gene frequency data
between four sets of populations of different
castes and ethnicity Roychoudhury (1992)
observed that “all the Mongoloid affiliated
populations m eastern India show genetic
stmilarity with respect w geographical proximity,
no matter whether they originated from the same
tribal group or same linguistic family in the past™.
In recent years the identification of hyper variable
loci in human genome e.g., VINTR and STR, were
found o be useful in studies concerning informa-
tionon population structure and microevolution.
Such studies were iitiated at the global and racial
level and swdies at the regional or local levels,
especially at the Indian context, is very few,
sporadic and limited o some local populations
iDekaetal. 1995; Papiha 1996; Papiha et al. 1996;
Mukherjee et al. 1999; Mukherjee et al. 2000
Reddy et al. 2001; Dutta and Kashyap 2001a, b;
Dhutta et al. 2001 ).

Recently the Central Forensic Laboratory,
Calcutta, has undertaken a National Human
Genome Project 1o characterize and develop of
Genomic Data Bank of a vadety of castes, tribes
and ethnic groups from each region of the country.
A few populations have been studied in this
regard. In this study we have analyzed genetic
variation in VNTR loci among five groups in
Manipur region. Manipur located at notheastern
part of India, close to Myanmar, represent 8 unique
population structure. I represents several ribal
populations settled since centuries and some
have memaned as tribal populations and some
have adopted Hindu caste social structure
whereas some others have migrated from other
parts of India. This situation of fusion-fission
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process expected to result in wide genetic diver-
sity between populations. Especially that some
populations are expected Lo show greater affinity
to other ribal populations of the region whereas
others are closer to caste populations. The genctic
structure and diversity of these populations have
not been fully explored. The present study
examines the use of VINTR loci in assessing the
genetic affinity among the regional populations
and based on genomic diversity of VINTR loci we
test the hypothesis that Mongolowd populations
show genetic similarity irrespective of their
geographic contiguity, language affiliation or
ongin.

MATERIALS AND METHODS

The Sample: The five populations considered
for the study is: Meiled, a caste group, three tribal
populations (Naga, Kuki, Hmar) and a religious
community (Manipud Muslim). Meities are said
to be the original inhabitants of Manipur and do
nol praclice consanguineous marnages. Naga,
Kuki and Hmar tribes are said o belong o the
Naga-Kuki-Chin group believed to have migrated
toManipur 300-400 years ago ( Saha and Tay 1990)
and maintain high endogamy and practice
consangzumeous mariages. While Naga, Kok and
Hmar speak the local Manipur language, the
Meities speak Hindi and Bengali more commonly.

The present study employs minisatellite loci:
D187, D45139, D3S110 and D 17579, These are
well documented for analysis of genetic variation
(Chakraborty 1990; Jin and Chakraborty 1991;
Fapihaetal. 1996).

Blood Samples: Blood samples were oblained
by venipuncture in EDTA coaled vacculainers
from unrelated donors. Collection of blood
samples was carried out from several regions of
the state of Manipur. The samples (randomly
selected males and female individuals) from Meite
and Manipuri Muslims were oblained from Imphal
city, while Kuki, Naga and Hmar tribal samples
were collected from the hills bordering the stales
of Assam and Arunachal Pradesh. The Naga
samples were mainly collected from Tankul and
Kabui the two major subgroups of the popula-
Lion.

Samples from the respective communities
were stored in ice containers during transporta-
tion from the field of collection to CFSL, Calcutta

The collected samples Kuki (75), Naga (78), Meilei
(128}, Hmar (600 and Manipur Muslim (65) was
screened for testing. DNA was extracted by the
organic methods of extraction (Maniatis et al.
1982} Quality and guantity assessment of the
isolated DNA was perdformed using 0.8% agarose
yield gel and slot blot procedures (Waye et al.
1989).

Digestion, Electrophoresis and Hybridi-
zation: High molecularweight DNA 2000z ) was
digested with Hae 111 at 37" C overnight. The
digested samples were run on 1-% agamse gels
in IX TAE buffer. Following electrophoresis the
fragments were transferred onto nylon mem-
branes and hybridized with chemiluminescent
probes MS1, pH30, LH1 and V1 specific for loci
D157, 045139, D3S110and D1 7879 respectively.
The membranes were finally treated with lumiphos
reagent in dark before exposing them w films for
development of profiles. Developed profiles were
compared with respect 1o the 22kb ladder and
their sizes were ascertained with computer
assisted image analysis software (Biorad).
Approximate molecular weight (base pair) sizing
estimates for each samples was oblained.
Following development of profiles, membranes
were stnpped and ehybridieed with subsequent
probes,

Statistical Analvsis: The size estimales was
done with respect 1o 0.5 - 22 kb ladder (Gibeo
BRL) using compuler assisted software supplied
with phosphor lmager GS 503 (Biorad ). Measured
fragments were grouped with fixed-bin classi-
fication of the fragment sizes, following the fixed-
bin boundanes hsted by Budwole et al. (1991).
The unbiased estimate of the VNTR profiles and
number of possible genotypes were used for
determination of the expected heterozygosity
{ Edward et al. 1992). Possible divergence from
Hardy-Weinberg expectation (HWE) was
determined by caleulating the unbiased estimates
of the expected homozygotes and helerozygote
frequencies (Chakraborty et al. 1988; Nei and
Roychoudhury 1974; Nei 1978); the likelihood
ratio test (Chakraborty et al. 1994; Weir 1992) and
exact test (Guo and Thomson 19923, The null
allele frequency ‘r* was computed using the
methods desenbed by Chakraborty et al. (1994,
The level of significance of the test, where
applicable, were determined by shuffling the
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observed fragment sizes across the individual and
replicating the allele shuffling 2000 umes for each
test (Chakraborty et al. 1994). An interclass
correlation criterion { Karlin etal. 1981) for two-
locus association was used for detection of the
disequilibrium between the setof VINTR loci. In
addition, w determined the linkage disequilibrium
between the set of VNTR loci, variance (57) of
the number of heterozygotes loci in the
population sample was also performed (Brown et
al. 1980; Chakraborty etal. 1994). Gene diversity
analysis (Nei 1973) was performed and genetic
distances (D) was computed according lo
methods described by Nei et al. ( 1983). Neighbor-
joining trees were constructed for depicting the
genetic affinities between populations (Saitou
and Nei 1987), with the reliability of the
phylogenetic relationships examined by the
method of bootstrapping with 500 replications.

RESULTS

Distnibution of Fixed Bin Frequencies at the
different loci among the five populations is shown
in figure 1. A visual inspection of this figure show
that the frequent fragments were found either in
the same or adjacent bins. Occurrences of bins
with the highest frequency as above have also
been noticed for other Indian and world popula-
tions {Sovinsky et al. 1996; Dutta and Kashyap
2001 a; Laboratory Division FBL 1993). HWE-
Homozogosity Test, Likelihood Ratio Test and
Exact Test were computed 1o observe possible
departure from HWE( Table 1). The table showed
an apparent deviation from the HWE expectation
at the D38110 locus for the Kuki and Hmar
population. These loci showing the devia-tions
were reanalyzed for the presence of non-
detectable allele ‘r" (Chakraborty etal. 1994), The
reanalyzed data was in conformity with HWE
expectations. The value of *r was found between
0-4% among the 20 population-VNTR loci
combinations. These values were consistent with
frequency of non-detectable alleles observed
among other populations vsing ¥V NTR markers
(Sovinsky etal. 1996; Dutta and Kashyap 2001 a;
Laboratory Division FBL 1993; Chakraborty etal.
1994; Karutha Pandian et al. 1995a.b). Lack of
significant HWE results, (after taking undetected
alleles into account) is an interesting result for
the three tnbal populations where there 15 a

Table 1:Hardy-Weinberg equilibriuvm  test  for
binned genotype frequencies at the four
VYNTR loci in northeastern population
groups, India

Locus Metei Kuki Naga Hmar M.
M sl im

N 128 75 78 a a4
D157
HW E-Test 0053 0158 0387 0463 0.944
Exact Test 0087 0184 0246 0085 0111
Likelihood 0066 0123 0301 0050 0.051
Ratio Test

T 0017 0021 0.0 0022 0.0
45139
HW E-Test 0186 0101 0.339 0350 0.785
Exact Test 0077 0185 0467 0.552 0.540
Likelihood 0149 0361 0310 0652 0.373
Ratio Test

T 0026 0041 0.0 L0 0.0
DES110
HW E-Test 0371 0.656*% 0,298 (.437*%(.252
Exact Test 0.074  0.609% 0081 0.367%0.150
Likelihood G117 0496% 0073 0.512%0.081
Ratio Test

K 0026 0061 0.0 045 (0.025
D17579
HW E-Test LIRT 0084 0300 0.748 0.234
Exact Test 0I5 0520 0.267 0546 0.619
Likelihood 0210 0093 (0.382 0708 0.477
Ratio Test

b 0032 0042 0.033

0002 0.0
T : Null Allele .l.:r:q.umn:.:y  *Value with T

practice of consanguineous marrage and high
endogamy. Linkage disequilibrium in multilocos
genotype data from population surveys may be
detected by the observed variance of the number
of heterozygous loci (S %) statistics (Brown et al.
1980).

Locus wise average heterozgygosity and G
values for each of the four VINTR loci among
Meitei, Naga, Kuki, Hmar and Manipuri Muslim
populations are shown in table 2. The average
heterozygosity values range from 0.685 for
D45139 in M.Mudim o 09440 for D35110in Hmar
Table 2: Average heterozygosity and Gst values for

VMNTR loci in the North-cast populations
of India.

Locus Meirei Kuki Naga  Hwmar M Muslim Gst

D157 0882
45139 0.910
DSS1H0 0916
D1I7579 0.796
Average (L8706

G913 0907 0.021
0.906 (685 0.030
L9400 0915 0.030
(0.828 0.795 0.038
0.897 (L8825 0.030

0918
0897
.896
.83
(1.E86

0917
(1. 890
0.927
L.E15
(1.B87
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Fig. 1A, Fixed Bin Allele frequency data at the four VNTR loci

The over all average heterozygosity for the four
VINTR loct mange between 82.5% (M Mushm) to
89.7% (Hmar). The average G_ values for the four
minisatellite markers were found to be 0.030. The
matrix of genetic distance D among the studied
population groups is shown in table 3. Although
the Meirter, Naga, Kok and Hmar populations did
not show any sigmificant distance between them
as compared o the distance exhibited by these

groups with the Manmpuri Mushms. Based on
the distance matrx, neighbor-joining trees were
constructed depicting the affinities between the
populations { Fig. 2) at the VINTR loci. In the NI
plotting VNTR markers, population groups of
Brahmin, Kayastha and Garo from West Bengal,
India (Dutta and Kashyap 2001a) and north-
western populations { Slovinsky et al. 1996) were
mncluded. The dendrogram shows three distinet
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Fig. 1B. Fixed Bin allele frequency data at the four VNTR loci

clusters. The three Manipur populations of the
study and Garo (from West Bengal) formed a
separate cluster and it is separated from the other
Indian populations at 945 of all the trees by the
method of bootstap. The five Indo-Caucasoid
populatnons—Brahmin, Kayastha, Hindu, Punjata
and Sikh—formed a separate cluster with a
bootstrap value of 87%. The Manipuri Muslim is
distinetly different from other regional
populations including the four neighboring
Manipur populations.

DISCUSSION

Despite allehc diversity among the popula-

tions, frequent allele bins were found in close
proximity 1o each other for the VINTR loci. The
occurrence of the frequent alleles was in accor-
dance with other reports (Slovinsky et al. 1996;
Dutta and Kashyap 2001a.b). One possible
explanation of such a distribution could be the
evolutionary antiquity of alleles, where usually
the most common alkeles are the oldest, while the
wider distribution of the low-frequency alleles
reflect different rates and types of mutations in
populations {Waterson and Guess 1997). 1t is
interesting Lo find the lack of significant HWE
result for the three tribal groups where they
practice consanguineous marriage and high
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Fig 2. Neighbor-joining network depicting genetic
affinities between population groups of India at
the four VNTR loci

levels of endogamy. This could be due 1o random
selection of the samples and the large size of the
populations.

The distance matrices show large distance
values for Manipuri Muslim group with others
iTable 3). The clustering patlern shows separation
of populations, which corresponds with their
socio-cultural and ethnic differences and not
Table 3: Genetic distance (DA) among the studied

populations
Papulation Meirei Kuki Naga Hmar
Meitei -
Kuki 0.179
N.il._g.il 0.160 0.234 -
Hmar 0107 0062 0.072 -
M. Muslim 0.323 0270 0282 0208

according to their geographic proximity. Manipun
Muslims are a migrant community and are
Caucasoid group in contrast to the neighborng
Mongoloid groups. The clustering shows that
they are distinet from both the other regional
Caucasoid populations and also from neighboring
Mongolowd populations and standout separately
fromthe rest. This reflects the influence of popula-
tions structure variables, especially mamiage
pattern, migration that need o be investigated
for understanding the genetic diversity of the
populations. In comparison Lo caste groups the
tribal population and the Muslim community were
relatively isolated since several generations afler
their migration o northeastern hilly terrain (Singh
1998). Thus though Manipuri Muslim populations
live along with Meitei and other tribal populations
in the same geographical region but show wide
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genetic diversity. This suggests that the geogra-
phic contiguity is less influential factor of genetic
affinity between diverse ethnic groups in Manipur
However in another study by Mukherjee et al.
(1999) (based on 4 STR loci in eight diverse
populations from West Bengal ( 3), Orissa (3) and
Uttara Pradesh (2)) they found greater geographic
influence on genetic similarity than sociocultural
proximity. This is becanse of the marriage patlem
and possible gene flow between the neighboring
castes in other parts of India. Comparison with
other Indian populations gives much more clarity
of the clustering pattern in this regard. For
example, Garo a Mongoloid population from West
Bengal gets clustered with the northeast Manipur
(Mongoloid) groups. Meitei a middle casie
Mongoloid population clusters along with other
Mongoloid tribal groups. The other regional
caste populations form a separate cluster
irrespective of their caste hierarchy. The results
of our study is supported by the findings based
on classical genetic markers.
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