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Summary. Background'. Apart from traditional markers studied among a few numerically 
small, geographically defined surveys among Mongoloid populations in northeastern parts 
o f India, very little is known about their genomic diversity at the molecular level.
Primary objective: This study seeks to investigate how best the variable number tandem 
repeat (VNTR) and short tandem repeat (STR) loci together can detect the patterns of the 
genetic affinity among five geographically contiguous, linguistically and socio-culturally 
diverse Mongoloid-affiliated populations o f M anipur in northeastern regions of India. 
Subject and methods'. Blood samples were collected from unrelated and randomly selected 
volunteers o f five ethnic populations (Meitei, Kuki, Naga, Hm ar and Manipuri Muslim) 
from different parts of the state. Allelic variation in four minisatellite loci (D1S7, D4S139, 
D5S110 and D17S79) and three STR loci (vWA, FESFPS and F13AO!) was studied. 
Results: Average heterozygosity values among the five groups for the minisatellite range 
from 68% to 94%, while the hypervariable three STR loci were between 60% and 88%. In 
the populations, all the studied loci were highly polymorphic, with almost no departure from 
Hardy-W einberg equilibrium. The gene differentiation for the VNTR loci was lower and 
moderate (Gsl =  0.030) in comparison with microsatellites (G^ =  0.043). The neighbour- 
joining method of clustering based on both type of molecular markers reveals a close cluster 
for the tribal groups of Kuki, Naga and Hmar, while M anipur Muslim stand distinct in both 
the trees. The clustering pattern obtained from the combined DNA marker loci matches 
more closely the pattern from STR loci than that obtained from VNTR loci.
Conclusions: The results reinforce that using both VNTR and STR loci in detecting regional 
genetic affinity among the populations is more effective than using VNTR or STR indepen
dently, and also confirm the results obtained from the serological and electrophoretic data. 
However, the clustering pattern obtained from combined DNA markers is more in confor
mity with the pattern obtained by STR loci rather than with VNTR loci. Despite linguistic, 
geographical and cultural barriers, the populations show genetic affinity among the four 
populations except in the case of the migrant M anipur Muslim group.

1. Introduction
Indian populations represent several endogamous groups of varying size of castes, 

subcastes and tribes of diverse ethnic, linguistic, religious, racial, cultural stocks in 
different geographic regions of the country. This subdivided population structure 
and the nature of this vast diversity is of interest among population geneticists and 
anthropologists to investigate the extent and nature of genetic differentiation and its 
microevolutionary process. The empirical studies based on data mostly from sero
logical and electrophoretic variants have revealed that, in general, geographic proxi
mity has a greater influence on genetic structure of populations than socio-cultural 
affiliations among different regional castes. However the Mongoloid tribal groups in 
northeastern and eastern regions show greater genetic affinity than geographical 
proximity (Roychoudhury 1983, M alhotra and Vasulu 1993, Bhasin et al. 1994, 
Papiha 1996, Majumder 1998).



These findings can now be validated with the help of hypervariable loci at the 
genomic level. In this regard, variable number tandem repeat (VNTR) and short 
tandem repeat (STR) loci are found to be useful for investigating the population 
structure and population genetics of regional and global populations (Chakraborty 
1990, Edwards et al. 1992, Balzas and Baird 1993, Jin and Chakraborty 1995, Papiha 
et al. 1996, Deka et al. 1995, Papiha et al. 1998). For example, studies on DNA 
polymorphism in some Indian populations have examined the genomic diversity and 
affinity and some have verified the results obtained from the traditional genetic 
markers. However, most of these studies are based on STR loci and very few have 
used VNTR loci (Karutha Pandian et al. 1995a,b, Papiha et al. 1996, Mukherjee et 
al. 1999, Mukherjee et al. 2000, D utta and Kashyap 2001 a,b, Reddy et al. 2001). In 
this regard it assumes significance to use both VNTR and STR loci together in 
assessing the genetic affinities among closely related regional populations. VNTR 
loci exhibit higher polymorphism and mutation rate but lesser resolution, and are 
used for identification and in understanding genetic relationship (e.g. Budowle et al. 
1991a, Mastana 1999), whereas STR loci show relatively low mutation rates, but 
precise analytic power and are therefore preferred for detecting population sub
structure (Jin and Chakraborty 1995). Thus the use of both VNTR and STR loci 
reinforces the results of the analysis.

Our study concentrates on the genetic variation in the northeast region of India. 
Of all the regions, the northeast is inhabited by mostly Mongoloid groups and are 
represented by several tribal populations, those have migrated from eastern and 
southeast Asian regions and settled in different states. Though they share similar 
physical features, they speak different languages and show differences in cultural and 
biological characters. When compared with other regions, the genetic diversity and 
affinity of many of these groups are not fully explored due to relative isolation and 
accessibility and other practical problems. However Roychoudhury (1992), based on 
serological data on some tribal populations of Mongoloid origin of these region, 
observed that: ‘all the Mongoloid affiliated populations in eastern India show genetic 
similarity with respect to geographical proximity, no matter whether they originated 
from the same tribal group or same linguistic family in the past’. Here we consider 
one such region, Manipur, the northeast-end part of India, close to Myanmar, which 
represents a unique population structure. It represents several tribal populations and 
some have adapted to the Hindu caste social structure whereas some have m igrated 
from other parts of India. This possibly represents wide diversity—some are 
expected to show greater affinity to other Mongoloid regional populations and 
some might show mosaic genetic structure. Hence this situation might not support 
the observation of Roychoudhury (1992). The validation o f the above hypothesis 
based on hypervariable polymorphic loci (VNTR and STR) at the genomic level is 
the main aim of the present study.

The study is based upon analysis of four VNTR and three STR loci in five ethnic 
population groups of Manipur region: a caste group (Meitei), three tribal popula
tions (Naga, Kuki, Hmar) and a religious community (Manipuri Muslim). Meities 
are said to be the original inhabitants of Manipur, and do not practise consangui
neous marriages. Naga, Kuki and Hmar tribes are said to belong to the N ag a-K u k i- 
Chin group believed to have migrated to Manipur 300-400 years ago (Saha and Tay 
1990) and maintain high endogamy and practise consanguineous marriages. While 
Naga, Kuki and Hmar speak the local Manipur language, the Meities speak Hindi 
and Bengali more commonly (Singh 1998). The present study employs four m inisa



tellite, especially the loci D1S7, D4S139, D5S110 and D17S79, chromosome loca
tion: lp33—35, 4q35, 5p and 17q21. These were well documented throughout the 
world as an effective tool for analysis of genetic variation (Chakraborty and Jin 
1992, Papiha et al. 1996). The STR loci are characterized by tandomly repeated 
sequences 1-4 bp in length, highly polymorphic and abundant in the human 
genome. The STR system vWA, FESFPS and F13A01 (chromosomal location: 
12pl2-pter, 15q25-pter and 6q24.3-p25.1) chosen for the study is a well characterized 
allelic systems (Hammond et al. 1994, Puers et al. 1993, and others). Our objectives 
o f the study are: (1) To utilize both VNTR and STR loci independently and together 
in assessing the genetic affinities among the regional populations. (2) To verify the 
finding that Mongoloid populations show genetic similarity with respect to their 
geographic contiguity irrespective of their language affiliation or origin and that 
they are distinct from the Caucasoid population.

2. Materials and methods
2.1. Populations sampled

Collection of blood samples was carried out from several regions of the state of 
M anipur. The participants of the study were collected randomly from Meitei and 
M anipuri Muslims from Imphal city, while Kuki, Naga and Hmar tribal were from 
the hills bordering the sate from the adjoining regions of Assam and Arunachal 
Pradesh. The Naga participants were from Tankul and Kabui, the two major sub
groups of the population.

Blood samples were obtained by venipuncture in EDTA-coated vacutainers from 
unrelated, volunteered donors. Samples from the respective communities were stored 
in ice containers during transportation from the field of collection to CFSL, 
Calcutta. The collected samples Kuki (no. 75), Naga (no. 78), Meitei (no. 128), 
H m ar (no. 60) and Manipuri Muslim (no. 65) were subjected for testing. DNA 
isolation was extracted by the organic methods of extraction (Maniatis et al. 
1982). Quality and quantity assessment of the isolated DNA was performed using 
0.8% agarose yield gel and slot blot procedures (Waye et al. 1989).

2.2. VNTR analysis
VNTR loci in the study were analysed as per the method of Jeffreys et al. (1985).

2.2.1. Digestion, electrophoresis and hybridization. High molecular weight DNA 
(200 ng) was digested with Hae III at 37°C overnight. The digested samples were 
run on 1% agarose gels in IX TAE buffer. Following electrophoresis, the frag
m ents were transferred onto nylon membranes and hybridized with chemilumines- 
cent probes M SI, pH30, LH1 and VI (Gibco BRL Gaithersburg, MD, USA) 
specific for loci D1S7, D4S139, D5S110 and D17S79, respectively. The membranes 
were finally treated with lumiphos reagent in the dark before exposing them to 
films for development of profiles. Developed profiles were compared with respect 
to the 22 kb ladder and their sizes were ascertained with computer-assisted image 
analysis software (BIORAD ‘Diversity Database’, Hercules, CA). Approximate 
molecular weight (base pair) sizing estimates for each sample was obtained. 
Following development of profiles, membranes were stripped and rehybridized 
with subsequent probes. The band size (range) of VNTR loci (D1S7, D4S139, 
D5S110 and D17S79) are: 0892-4821, 1353-8452, 0964-8452 and 1078-2862, respec
tively.



2.3. STR  analysis
The three microsatellites vWA, FESEPS and F13A01 were analysed by amplify

ing the product analyser detection by silver stain method (Bassam 1991).

2.3.1. Multiplex PCR amplification and typing. All the microsatellite were ana
lysed by co-amplification using 25 |iL final reaction volume containing 10 ng o f 
sample DNA and 0.75 units of TaqDNA polymerase with STR buffer and primers 
specific for the multiplex. The primers and buffers were obtained from Promega 
Corporation, Madison, Wisconsin, USA. PCR amplification was carried out a t 
PE 2400 model PCR (PE Biosystems, Foster City) following the m anufacturer’s 
protocols. The samples were prepared through denatured PAGE. The gel was 
silver-stained and allele designation of sample fragments was carried out in com 
parison with the standard allelic ladders supplied by the manufacturer.

2.4. Statistical analysis
The size estimates of VNTR was done with respect to 0.5-22 kb ladder (Gibco 

BRL) using computer-assisted software supplied with phosphor Imager GS 505 
(Biorad). Measured fragments were grouped with fixed-bin classification of the frag
ment sizes, following the fixed-bin boundaries listed by Budowle et al. (1991b). The 
unbiased and expected estimate of the VNTR profiles and number of genotype in the 
sample set was used for determination of the expected heterozygosity (Edwards et al. 
1992). Alleles for STR loci were scored by a manual method in relation to allele 
ladders provided by primer kits. The expected number of distinct homozygous and 
heterozygous classes and their standard errors (SE) was calculated for the STRs 
according to the method described by Chakraborty et al. (1991).

Possible divergence from Hardy-W einberg expectation (HWE) was determined 
by calculating the unbiased estimates of the expected homozygotes and heterozygote 
frequencies (Nei and Roychoudhury 1974, Nei 1978), the likelihood ratio test 
(Chakraborty et al. 1991, Weir 1992) and exact test (Guo and Thompson 1992). 
The null allele frequency r was computed using the methods described by 
Chakraborty et al. (1994). The level of significance of the test, where applicable, 
were determined by shuffling the observed fragment sizes across the individual and  
replicating the allele shuffling 2000 times for each test (Chakraborty 1993). A n 
interclass correlation criterion (Karlin et al. 1981) for two-locus association was 
used for detection of the disequilibrium between the set of VNTR and STR loci. 
In addition, to determine the linkage disequilibrium between the set of VNTR and  
STR loci, variance (Sk2) of the number of heterozygous loci in the population sam ple 
was also performed (Brown et al. 1980, Chakraborty et al. 1994). Gene diversity 
analysis (Nei 1973) was performed and genetic distances (DA) were com puted 
according to methods described by Nei et al. (1983). Neighbour-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 b o o t
strapping method with 500 replications.

3. Results
Distribution of frequency occurring bins at the VNTR (figure 1) and STR (figure 

2) loci among the five Manipuri populations show that the most frequent fragm ents 
in both the DNA markers occurring either in the same or adjacent bins or alleles. W e 
have estimated the accordance of these loci with predictions of Hardy-W einberg



equation. HWE-homozygosity test, likelihood ratio test and exact test were com
puted to observe possible departure from HWE (table 1). The data for the HWE 
showed deviation from the HWE expectations (values less than 0.050) at the D5S110 
locus for the Kuki and Hmar population. An apparent departure from HWE at 
some of the loci showing the deviations were re-analysed following presence of non- 
detectable allele frequency r (Chakraborty et al. 1994). The re-analysed data was in 
conformity with HWE expectations. The value of r was between 0 and 4% among 
the 20 population-VNTR loci combinations. These values were consistent with the 
frequency of non-detectable alleles observed among other populations using VNTR 
markers (FBI Laboratory Division 1993, Chakraborty et al. 1994, Sovinsky et al. 
1996, D utta and Kashyap 2001a,b). No such deviations were encountered in the 
analysis of the STR data among the five populations for the three loci studied for 
confirmation of HWE (table 1).

Independence of alleles at any of the pairwise comparison of the loci was calcu
lated among the five populations (data not shown) for the four VNTR and three 
STR loci. No association among the alleles among all the studied loci in the selected 
populations were observed. Linkage disequilibrium in multilocus genotype data 
from population surveys may be detected by the observed variance of the number 
of heterozygous loci (»S'k2) statistics (Brown et al. 1980). Random data sets generated 
by shuffling the data 2000 times were used to determine the upper and lower bound
aries within 95% Cl. The ,S'k2 values did not show any association across the four 
VNTR and three STR loci among the population groups.

The absence of association across the studied minisatellite and microsatellite 
markers prompted us to calculate the probability of match, suggesting the unique
ness of the profile obtained using these markers among the Indian populations. The 
probability of match (,PM) for the four VNTRs obtained was between 1.7 x 10-5 and 
3.2 x 10-7 . On the other hand, combined PM and for the three STRs was between 
1.6 x 104 and 6.5 x 10 5. The cumulative PM obtained using all the seven hypervari
able loci was between 4.54 x 10-9 and 2.0 x 10~n . The match probabilities were 
similar to our earlier observations using these markers for Indian populations 
(Dutta and Kashyap 2001 a,b).

Locus-wise heterozygosities and Gst values for each of the four VNTR and three 
STR loci among Meitei, Naga, Kuki, Hmar and Manipuri Muslim populations are 
shown in table 2. Higher average heterozygosity values (between 82% and 89%) 
were obtained at the minisatellite repeat systems, in comparison with the microsa
tellite markers (between 71% and 75%). The average Gst value for the four minis
atellite markers (0.03) was lower than the microsatellite loci (0.043).

The matrix of genetic distance DA for both VNTR and STR loci for the studied 
population groups is shown in table 3. In the case of VNTR the Meitei, Naga, Kuki 
and Hm ar populations did not show any significant distance between them and 
the distance exhibited by these groups with the VNTRs were consistent with the 
observations of the microsatellite markers. Based on the distance matrix, neighbour- 
joining trees were constructed depicting the affinities between the populations 
(figure 3) at the VNTR and STR loci. In the neighbour-joining plot using VNTR 
markers, population groups of Brahmin, Kayastha and Garo, from West Bengal 
(Dutta and Kashyap 2001a) and three northwestern population samples of Hindu, 
Sikh and Punjabi (Sovinsky et al. 1996) were included. Similarly for the neighbour- 
joining plot using the STR markers, data from the Brahmin, Kayastha and Garo 
were included for comparison with other Indian populations (Dutta and Kashyap



D1S7 D4S139

MEITEI

o ............... 1, , , l b ) ) ! 1 IT- Tf f- © CO <0 05 cm in coN (N N O

KUKI

i

0 , U I U I Ti 1

MEITEI

^  r-»

KUKI

I ,

......» 1 l l II

NAUA

1 i i
. . .  x : i  1 ) j J 1 j j . i

HM AR

4 4 J

NAGA

| f

, . _ I i 1 f I
t-' ' V  ' r**' ' © ' co ' <o ’ c> ’ cm' ' in' ' co W

--------HMAR...... .......

1 II.
_____  n — i.L ll

M .M USLIM

■ ................................j . , - ^ Xh- ©

Figure 1. Fixed bin allele distribution at four VNTR loci in five Manipuri populations.

2001b). The data obtained in the current study was, however, used in plotting the 
third dendrogram incorporating all the seven hypervariable loci. The plot using th e  
seven loci was similar to the plot obtained using STRs. In the VNTR plot, three 
distinct branches were observed. The northeastern Indian populations were sepa
rated from the other Indian populations at 94% of bootstraps. The Indo-Caucasoid 
populations of Brahmin, Kayastha, Hindi, Punjabi and Sikh populations formed th e  
second branching with a bootstrap value of 87%. The close association between th e
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Punjabi and Sikh populations of India was reflected in the 100% bootstrap value. 
The Manipuri Muslim formed the third complete separate branch. The pattern was 
similar in case of the STRs. Once again the northeastern Indian populations were 
found separated from the other Indian (Caucasoid populations) in 97% of the boot
straps. The Meitei was found separated from the combined branch of the north
eastern Indian tribal populations (Naga, Kuki, Hmar) in 96% of the bootstraps 
(85% in the case of RFLP markers). The STRs are more effective in the detection 
of variation between the Mongoloid and the Caucasoid population samples of the 
study since they were separated in 100% of bootstraps. The STRs also show the 
complete separation of the Manipuri Muslim with other populations.
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Figure 2. Allelic frequencies at three STR loci in five M anipur populations.

4. Discussion
The study among the five geographically contiguous and culturally and linguisti

cally diverse Manipur population groups show distinct allelic differences in b o th  
VNTR and STR for some specific groups, suggesting the influence of population 
structure variables. The occurrence of the frequent allele was in accordance w ith  
other reports (FBI Laboratory Division 1993, Sovinsky et al. 1996, D utta a n d  
Kashyap 2001 a,b). One possible explanation of such a distribution could be th e  
evolutionary antiquity of alleles, where the most common alleles are usually th e  
oldest, while the wider distribution of the low-frequency alleles reflects different 
rates and types of mutations in populations (Waterson and Guess 1977).

The analyses of the VNTR systems in the five populations have shown record o f  
all the alleles in 6 out of the 20 population-locus combinations. At loci D5S110, 
significant effect of r was observed. The frequency of non-detectable allele r, how 
ever, did not affect the suitability of the other loci to be in HWE. However, one cou ld  
argue that the excess homozygosity values could also lead to a substantial increase in  
the value of r yet provide satisfactory HWE values. As we have analysed the differ
ence between observed and calculated homozygosity and the values were found to b e  
within acceptable limits (data not shown), the cause for the deviation could b e  
attributed to the presence of non-detectable frequency r. The independence of alleles 
across pairwise combination of the loci, test for association across all the loci a n d  
probability of match values document for the inclusion of these VNTR and STR lo c i 
for the purpose of human identification among Indian populations.



Table 1. Hardy-W einberg equilibrium test for the VNTR loci and STR loci in M anipur population
groups.

Locus n =
Meitei
128

Kuki
. 75

Naga
78

Hmar
60

M.Muslim 
68

VNTR
D1S7: HW E test 0.053 0.158 0.387 0.463 0.944

Exact test 0.087 0.184 0.246 0.085 0.111
Likelihood ratio test 0.066 0.123 0.301 0.150 0.051
r 0.017 0.021 0.0 0.022 0.0

D4S139: HWE test 0.186 0.101 0.339 0.350 0.785
Exact test 0.077 0.185 0.467 0.552 0.540
Likelihood ratio test 0.149 0.361 0.310 0.652 0.373
r 0.026 0.041 0.0 0.008 0.0

D5S110: HWE test 0.371 0.656* 0.298 0.437* 0.252
Exact test 0.074 0.609* 0.081 0.367* 0.150
Likelihood ratio test 0.117 0.496* 0.073 0.512* 0.081
r 0.026 0.061 0.0 0.045 0.02

D17S79: HWE test 0.187 0.084 0.300 0.748 0.234
Exact test 0.115 0.520 0.267 0.546 0.619
Likelihood ratio test 0.210 0.093 0.382 0.708 0.477
r 0.032 0.042 0.033 0.002 0.0

ST R
HUM vW A: HWE test 0.477 0.455 0.749 0.205 0.984

Likelihood ratio test 0.091 0.760 0.537 0.130 0.193
Exact test 0.131 0.809 0.596 0.630 0.209

FESFPS: HW E test 0.336 0.814 0.316 0.696 0.949
Likelihood ratio test 0.329 0.308 0.586 0.222 0.182
Exact test 0.323 0.408 0.649 0.283 0.214

F13A 01: HW E test 0.430 0.209 0.831 0.280 0.834
Likelihood ratio test 0.897 0.161 0.954 0.530 0.543
Exact test 0.976 0.288 0.956 0.195 0.383

r =  null allele frequency. 
* Value with r.

Table 2. Average heterozygosity and Gs{ values for VNTR and STR loci in the northeast populations of
India.

Locus Meitei Kuki Naga Hmar M. Muslim G si

VNTR
D1S7 0.882 0.917 0.918 0.913 0.907 0.021
D4S139 0.910 0.890 0.897 0.906 0.685 0.030
D5S110 0.916 0.927 0.896 0.940 0.915 0.030
D17S79 0.796 0.815 0.833 0.828 0.795 0.038
Average 0.876 0.887 0.886 0.897 0.825 0.030

STR
vWA 0.664 0.707 0.643 0.683 0.779 0.046
FESFPS 0.729 0.733 0.737 0.779 0.566 0.067
F13A 01 0.807 0.795 0.781 0.809 0.807 0.017
Average 0.733 0.745 0.720 0.757 0.717 0.043

Both the VNTR and STR systems have shown higher Gst values in comparison 
with the classical markers (Papiha 1996). Although we have not analysed the data for 
population sub-structuring using the existing models of mutation, it could be said 
that the effect of population sub-structuring is less pronounced at the VNTR loci in 
comparison with the protein or blood group markers. This is different from the 
observation of Chakraborty et al. (1996), which showed that the VNTR and protein



Table 3. Genetic distance (Z)A) based on VNTR (lower diagonal) and STR loci (upper diagonal) among
the Manipur populations.

Population Meitei Kuki Naga Hmar M. Muslim

Meitei _ 0.0310 0.0275 0.0215 0.0377
Kuki 0.179 _ 0.0306 0.0075 0.0698
Naga 0.160 0.234 - 0.0095 0.0502
Hmar 0.107 0.062 0.072 - 0.0514
M. Muslim 0.323 0.270 0.282 0.208 —

loci have almost the same Gst values and hence have some effect of population sub
structuring. The higher Gst values of the microsatellite could, however, be attributed 
to the lesser susceptibility of these loci towards mutations. Among the STR markers, 
a difference in the Gst values across the populations were observed (0.046 at vWA, 
0.0067 at FESFPS and 0.017 at F13A01). We are unsure of the reason for this 
variation, which could be due to factors such as inbreeding, natural selection, etc., 
operating at the loci.

The distance matrices show large values for the Manipuri Muslim group as com
pared with others. The clustering pattern depicts separation of populations, which 
corresponds to their socio-cultural and ethnic differences and not with their geo
graphic proximity. Manipur Muslims are distinct from other populations and stand 
out separately from the rest. Although the type and number of genetic systems used 
are important in detecting the genetic relationship, the results do not support the 
findings of Mukherjee et al. (1999). They studied four STR loci in eight diverse 
populations from West Bengal (three), Orissa (three) and U ttar Pradesh (two) 
where they found greater geographic influence on genetic similarity than socio-cul- 
tural proximity. Comparison with other Indian populations gives much more clarity 
to the clustering pattern. For example, Garo, a Mongoloid population from West 
Bengal gets clustered with the northeast Mongoloid groups. And the northeast 
Indian populations form separate cluster from the other Indian populations. This 
observation further supports the findings based on a classical gene frequency study 
(Roychoudhury 1992) that Mongoloid populations show genetic similarity irrespec
tive of their geographical, socio-cultural and linguistic backgrounds. These findings 
suggest the importance of population structure variables in studying the genetic 
similarity among the Indian populations. Possibly, owing to their geographical bar
riers, socio-cultural and ethnic differences have remained isolated from the other 
Indian populations.

One of the observations of the study is that the clustering pattern of the five 
populations based on VNTR, STR and the combined DNA markers (STR and 
VNTR) agree in general. However, the clustering pattern obtained from combined 
DNA markers are more in conformity with the pattern obtained by STR loci rather 
than with VNTR loci. If these findings are confirmed by other studies, this possibly 
suggests the preference of STR loci over VNTR for investigating the genetic affinities 
among the population groups. This might also suggest the possibility of significant 
association (e.g. linkage, etc.) between VNTR and STR loci. However, we are not 
aware of such studies in this regard. But such association between VNTR and STR 
loci is expected to reveal further insights into the nature of relationship and its 
importance in the genetic study of populations.
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Figure 3. Neighbour-joining trees o f clustering of five M anipur population samples based on (a) the 
four VNTR loci, (b) the three STR loci and (c) the seven DNA (VNTR + STR) markers.
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Zusammenfassung. Hintergrund: Abgesehen von einigen traditionellen Markern, welche an einigen 
zahlenmaBig kleinen, geografisch abgegrenzten Erhebungen von mongoliden Populationen im  
Nordosten Indiens studiert wurden, ist sehr wenig iiber ihre genetische Verschiedenheit auf m olekularer 
Ebene bekannt.
Primdres Zieh Die vorliegende Studie versucht zu untersuchen, wie die geeignetsten variable n u m b er 
tandem repeat (VNTR)- und short tandem repeat (STR)- Loci gemeinsam die Muster der genetischen 
Verwandtschaft zwischen 5 geografisch angrenzenden, aber sprachlich und soziokulturell unterschiedli- 
chen, der mongoliden Gruppe angehorigen Populationen in M anipur (nordostliche Region von Ind ien ) 
herausgefunden werden konnen.
Materia! und Methoden: Es wurden Blutproben von nicht verwandten und zufallig ausgewahlten 
Freiwilligen von 5 ethnischen Populationen (Meitei, Kuki, Naga, Hm ar und Manipur- Moslems) au s 5 
unterschiedlichen Landesteilen gesammelt. Es wurde die Allelenvariation von 4 Minisatelliten-Loci (D 1S7, 
D4S139, D5S110 und D17S79) und 3 STR-Loci (vWA, FESFPS und F13A 01) untersucht.
Ergebnisse: Die durchschnittlichen Heterozygotenfrequenzen zwischen den 5 Gruppen fu r d ie  
Mikrosatelliten erstreckten sich zwischen 68 und 94%, wahrenddessen die Hypervariabilitat der 3 S T R - 
Loci zwischen 60 und 88% schwankte. In den Populationen waren alle untersuchten Loci hoch p o ly 
morph- mit nahezu keiner Abweichung vom  Hardy-Weinberg-Equilibrium. Die Gendifferenzierung fu r d ie  
VNTR-Loci war niedriger und moderat (Gs, = 0.030) im Vergleich zu den Mikrosatelliten (Gst =  0.043). 
Die neighbour-joining-Methode, welche auf beiden Typen der molekularen M arker basiert, enthullt e in  
dichtes Cluster bei den Stammesgruppen der Kuki, Naga und Hmar, wahrend die Manipur-Moslems in  
beiden Stammbaumen gesondert stehen. Die Muster des Clusters, welche von den kombinierten D N A - 
Marker-Loci erhalten wurden, sind bei den Mustern der STR-Loci dichter als bei den VNTR-Loci. 
Schlufifolgerungen: Die Resultate dieser Studie untermauern, daB die Untersuchung sowohl der V N T R  a ls 
auch der STR zur Bestimmung der genetischen Verwandtschaft zwischen den Populationen effektiver is t 
als die voneinander unabhangige Bestimmung der VNTR oder der STR. AuBerdem werden die Ergebnisse 
durch die serologischen und elektrophoretischen Daten unterstiitzt.
Dennoch sind die Cluster-Muster, welche von den kombinierten DNA-M arkern erhalten wurden, m it d e n  
Mustern der STR-Loci eher konform als mit den VNTR-Loci. Ungeachtet der sprachlichen, geografischen 
und kulturellen Barrieren zeigen die 4 Populationen mit Ausnahme der umgesiedelten M anipur-M oslem s 
eine genetische Verwandtschaft.

Resume. Arriere-plan: Hormis les marqueurs traditionnels etudies lors d’enquetes locales portant su r d e  
petits effectifs, la diversite moleculaire du genome des populations mongoloi'des du nord-est de l’ln d e  e s t 
tres peu connue.
Objectif premier: Cette etude cherche a evaluer dans quelle mesure les loci presentant des repetitions d e  
tandem en nombre variable (VNTR) et les loci a repetitions de tandem courtes (STR) peuvent rev e ler 
ensemble les affinites genetiques de cinq populations mongoloi'des, geographiquement contigues m a is  
socio-culturellement diverses, de l’etat de M anipur dans le nord-est de l’lnde.
Sujets et methodes: Des echantillons sanguins ont ete preleves chez des volontaires pris au hasard et n o n  
apparentes entre eux, de cinq groupes ethniques (Meitei, Kuki, Naga, Hm ar et musulmans M anipuri) d e  
differentes parties de l’etat. On a etudie la variation allelique de quatre loci minisatellites (D1S7, D 4S139, 
D5S110 and D17S79) et de trois loci STR (vWA, FESFPS and F13A01)
Resultats: Les valeurs moyennes d’heterozygosite dans les cinq groupes pour le minisatellite, s’e tenden t d e  
68% a 94% et de 60% a 88% pour les trois loci hypervariables. Tous les loci etudies sont h au tem en t 
polymorphes et ne presentent presque pas d ’ecart aux proportions de Hardy-Weinberg. La d ifferen tia tion  
genetique pour les loci VNTR est plus basse et moderee (Gst =  0.030) en comparaison avec les m ic ro 
satellites (Gst =  0.043). La methode d’agregation de proche en proche appliquee aux deux types de m a r 
queurs moleculaires revele l’existence d’un etroit cluster rassemblant les groupes tribaux Kuki, N a g a  e t 
Hmar, alors que les deux analyses maintiennent les musulmans de M anipur a  part. Le mode d’a g reg a tio n  
obtenu a partir des marqueurs de DNA combines est beaucoup plus proche du mode que decrit les loci 
STR que de celui des loci VNTR.
Conclusions: Les resultats renforcent l’idee qu’il est beaucoup plus efficace d’utiliser conjointement les loci 
VNTR et STR pour detecter l’affinite genetique de populations regionales, que de les utiliser separem ent. 
Par ailleurs, ils confirment ceux qui ont ete obtenus a partir de donnees serologiques et electrophoretiques. 
Cependant, le mode d’agregation obtenu a partir des marqueurs d’ADN est plus conforme a celui q u e  
fournissent les marqueurs STR que VNTR. En depit de barrieres geographiques, linguistiques e t cu l- 
turelles, quatre des populations etudiees manifestent des affinites qui les distinguent de la c inquiem e, 
population musulmane immigree a Manipur.

Resumen. Antecedentes: Ademas de los marcadores tradicionales estudiados en algunas investigaciones 
realizadas en poblaciones mongoloides del noreste de la India, limitadas tanto numerica como geografi- 
camente, se sabe muy poco de la diversidad genetica de dichas poblaciones a nivel molecular.
Objetivo principal: Este estudio pretende analizar como el uso conjunto de los loci para el numero v a ria b le  
de repeticiones en tandem (VNTR) y para repeticiones cortas en tandem (STR) puede mejorar la d e tecc ion  
de patrones de afinidad genetica entre cinco poblaciones con afinidad mongoloide de Manipur, situ ad as en



regiones del noreste de la India, geograficamente proximas pero lingiiistica y socioculturalmente diversas. 
Muestra y  metodos: Se recogieron muestras sanguineas de voluntarios seleccionados aleatoriamente y no 
emparentados de 5 grupos etnicos (Meitei, Kuki, Naga, Hmar y Musulmanes Manipuri) de diferentes 
zonas del estado. Se estudio la variation alelica de 4 loci minisatelites (D1S7, D4S139, D5S110 y D17S79) 
y 3 loci STR (vWA, FESFPS y F13A01).
Resultados: Los valores de heterocigosidad media entre los 5 grupos para los minisatelites oscilaban entre 
el 68% y el 94%, mientras que los tres loci STR hipervariables estaban entre el 60% y el 88%. En las 5 
poblaciones, todos los loci estudiados fueron altamente polimorficos, sin desviarse apenas del equilibrio 
Hardy-Weinberg. La diferenciacion genica de los loci VNTR resulto ser menor y moderada (Gst = 0.030) 
en comparacion con la de los microsatelites (Gst = 0.043). El metodo de agrupamiento del vecino mas 
proximo (“ neighbour-joining”) basado en ambos tipos de marcadores moleculares revela un estrecho 
agrupamiento entre los grupos tribales de Kuki, Naga y Hmar, mientras que los musulmanes de Manipur 
se mantienen separados en ambos arboles. El patron de agrupamiento obtenido a partir de la combination 
de loci marcadores del DNA se corresponde en mayor medida con el patron de los loci STR que con el 
obtenido a partir de loci VNTR.
Conclusiones: Los resultados apoyan que el uso conjunto de los loci VNTR y STR para la detection de 
afinidad genetica regional entre poblaciones es mas efectivo que el empleo de VNTR o STR de forma 
independiente, y tambien confirma los resultados obtenidos a partir de datos serologicos y electroforeticos. 
Sin embargo, el patron de agrupamiento obtenido a partir de marcadores combinados de DNA se corre
sponde mas con el patron obtenido mediante loci STR que con loci VNTR. A pesar de las barreras 
lingiiisticas, geograficas y culturales, existe afinidad genetica entre 4 de las poblaciones estudiadas, con 
la exception del grupo emigrante Musulman de Manipur.
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