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Sumwdary.  Beckground. Apart from 1raditional mackers studied among a few oumerically
stnail, geographically defined surveys asmong Monpoloid populalions in northeastern paris
of Tndia, very little i Enown about thelr genomic diversity al the moiecular level.

Primary objeceiws This siody seks lo investigate how best the variabke number asdem
repeat (YIMTR) and short tand¢m repeat (STR) loci topsther can detect the pubierns of the
genele aflinly sammong five geographically contignous, lingwistically and socio-culinrally
diverse Mongoloid-affiliated populairons of Mompur in northseistern regions of India.
Swhfec! and methods: Hlood samples were callecied fram unrelated and ramdomly selected
voluntears of five ethoic popuiations {Meited, Koki, Naga, Hmar aod Manipuri Muslim)
from different parls of the state. Allelic varistion in four mindsateilite loa (D137, D45139,
D350 and DI7S79) and three STR. loci (vWA, FESEPS and F1340Q1) wasz studiad,

Kemlts. Averape hetecrozygosity valucs ameng the five groups for the minisatellite range
from 68% ta 94%, while the hypervarizble three STR loci were between 60% and 8% In
the populations, all the stadicd toci were highly polymorphic, with almest ne deparues from
Hardy -Weinbevg equibboiom. The gene differeptiabion lor the VINTER locn way lower and
moderate (Iry, = 0.03]) in companson with microsatelhites ({r, = 0.{43), The neighboar-
jomning methaod of elustzring based on both type of molecular markers reveals a close chugmr
for the tribal prowps of Kok, Naga and Hmar, whils Manipur Mushim stand disdinet in both
the tress. The clusiering paltern obizined from the combined DINA marker koo marches
more closely the pattern from STR loci than that ebtatned from YNTR koo,

Conclurions: The iesalts reinforce that using both VNTR and STR loci in delecling regional
genetic afinity among the populatons iz more effective than uzing VNTR or STR indepen-
denily, and also copfirm the resuits obtained from the seralogiczl and ¢lecrropharetic data.
However, tht clustenng patlemn obtained from combinad DNA markers is more in confor-
mity with the paticro ¢blained by STR lod rather than with VNTR loci. Despite lioguistic,
grographical and cedtura! barrters, the populations show penelic affinity among tie four
populations excepl in the case of the migrant Manipur Muslim group.

1. Introduction
Indian populations represent several endogamous proups of varying size of casles,

subcastes and tribes of diverse ethoic, linguistic, religious, racial, cuitural stocks in
different geographic regions of the country. This subdivided pepulation structure
and the natore of this vasl diversity is of interest among population geneticists and
anthropologists to investigate the cxtent and nature of genetic differentiation and ils
microevohnionary process. The enmipirical studies based on data mostly from sero-
logical and electrophoreiiv variants have reveaied that, in general, geographic proxi-
mity ftas @ greater nfluence on genetic structure of papulations than socio-cultural
affiliations among diffcrent regional castes. However the Mongoloid tribal groups in
noribeastern and eastern regmians show greater genetic affinity than geographical
proximily (Roychoundhury 1983, Malhotra and Vasulu 1993, Bhasin e af 1994,

Papiha 1996, Majumder 1995).
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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
tatidem repeat (STR} loci are found to be useful for inveshigating the population
structure and population genetics of regional and global populations (Chakraborty
1990, Edwards e? al. 1992, Balzas and Baird 1993, Jin and Chakraborty 1995, Papity
et al. 1996, Deka er af, 1995, Papiha ef ai. 1998). For exaraple, studies on DMNA
polymorphism in some Indian populations have ¢xamined the geromic diversity and
affinity and some have verified the results obtained from the traditional pepetic
markers. However, most of these studies are based on STR [oci and very few have
used VNTR loci (Karutha Pandian et @l 19954.b, Papiha er o/ 1996, Mukherice o
al. 1999, Mukherjee e/ 2i. 2000, Dutta and Kashyap 2001a,b, Reddy ez o). 2001). In
this regard it assumes significance 1o use both VINTR and STR leci together in
assessing the genctic affinitics among ¢losely related repgional populations. YNTR
loci exhibit higher polymorphism and mutation rate but lesser resolution, and are
used for identification and in understanding genetic relationship (e g. Budowic 1 4/
19914, Mastana 1999}, whereas STR oo show relatively low mutation rates, but
precise analylic power and are therefore preferrad for detecting population sub-
structure (Jin and Chakraborty 1995}, Thus the use of both VNTR and 5TR laci
reinforces the results of the analysis.

Our study concentrates on the genetic variation in the northeast region of Indix.
Of all the regions, the northeast is inhabited by moslly Mongolaid groups and are
represenied by several tribal populations, those have migrated from eastern and
sontheast Asian regions and settled in different states. Though they share simiiar
ohysical featurcs, they speak different languages and show differences in cultural and
biological characters. When compared with other regions, the genetic diversity and
athnity of many of these groups are not fully explored due to relative 1solation and
accessibility and other practical problems. However Roychoudhury {1982), based on
serological data on some (nbal populations of Mangoleid origin of these region,
observed that: *all the Mongoloid affiliated populations in castern India show genetic
sumilarity with respect te geographical proximity, no tatier whether they originated
[tom 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 1o Myanmar, which
represgnts 4 unique population structure. It represents several tribal populations and
some have adapted to the Hindu caste social structure whereas some have migrated
from other parts of India. This possibly represents wide diversity—some are
expected 1o show greater affinity to other Mongoloid regional populations and
some might show mosaic genetic structure. Henee this situation mipht not support
the ohservation of Roychoudhury (1992). The vahdation of the above hypothesis
based on hypervariable polvmorphic loci (VNTR and STR) at the genomie level is
the main aim of the present study.

The study is based upon analysis of four YNTR and three STR lodi in five cthoic
populalion 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 Fimar tribes are said to belang to the Naga-Kuki-
Chin group believed to have migrated to Manipur 300300 ycars ago (Saha and Tay
1990} and maintain high endogamy and practise consanguineous marriages. While
Maga, Kuki and Hmar speak the local Manipur language, the Maities speak Hindi
and Bengah more commaonly (Singh 1998). The present study employs four minisa-
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tellive, especially the laci D187, D45139, DSS1ID and 17879, chremosome loca-
tion: 1p33-33, 4q35, 5p and 17321, These were well documented throughout the
world as an effective tool for analyss of genetic varkalion (Chakraborty and Jin
1992, Papiha et al. 1996}, The STR loc are charactenized by tandomly repeated
sequences l=dbp in length, highly pelymorphic and abundant in the human
genome. The STR system vWA, FESFPS and F13A01 {chromosomal location:
12pk2-pter, | 5q23-pter and 6q24.3-p25.1} chosen for the study is a well characterized
allelic systems {Hammond et &f. 1394, Puers et af. 1993, and others). (hur objectives
of the study are: (1) To utilize both VINTR and STR ioci independently and together
in asseesing the penetic affimties among the regional populations. (2) To verify the
finding that Mongoloid populetions show genetic similarity with respect to their
geographic contiguity irrespeciive of their langnage affiliation or origin and that
they are distinct from the Caucazoid population.

2. Maierials and methods
2.1, Populations sampled

Collection ol blood samples was carried out from several regions of the state of
Manipur. The participants of the study were collected randomly from Meitzi and
Manipuri Muslims from [mphal city, while Kuki, Naga and Hmar tribal were from
the hills bordering the sate from the adjeining regions af Assam and Arvnachal
Pradesh. The MNaga participants were from Tanku! and Kabui, the two major sub-
groups of the population.

Blood samples were obtained by venipuncture in EDTA-coated vacutainers from
unrejuted, volunteered denors. Samples from Lhe respective communitics were stored
in ice containers during transportation from the field of collection to CFSL,
Caleutra. The collected samples Kuki (no. 75), Naga (no. 78), Meirei (ho, 123),
Hmar {(no. o) and Manipuo Muslim (no. 653) were subjected for testing. DNA
isplation was extracted by the organic methods of extraction (Maniatis ef af
1982). Quality and quantity assessment of the isolated DNA was performed using
0.8% agarose vield gel and slot blot procedures (Wave f af, 1989).

2.2, VNTR analysis
VINTR loci in the study were analysed as per the method of jeflreys o af. (1983).

2.2.1.  Digestian, electrophoresiy and Avbridizarion.  High molecolar weight DNA
(200 ng) was digested with Hae 11T at 37°C overnight. The digested samples were
run on 1% agarose gels in IX TAE buffer. Following electrophoresis, the frag-
ments were transferred onto nylon membrancs and hybridized with chemilumines-
cent probes MS1, pHM, LH1 and VI {Gibco BRI Gaithersburg, MD, USA)
specific for bact N1S7, D45139, D35110 and D17579, respectivelv. The membranes
werg finally treated with lumiphos reagent in the dark befors exposing them to
films for developrment of profiles. Developed profiles were compared with respect
to the 22kb ladder and their sizes were ascertained with computer-assisted 1mayps:
analysis software (BIORALY ‘Diversity Database”. Hercules, CA) Approximate
molecular welght (base pair} sizing esumates [or cach sample was obtained.
Following development of protfiles, membranes were stripped amd rehybridized
with subsequent prohes. The band size {range) of ¥NTR loci (D187, D45139,
D3SS110 and DI7S579) are: 0892-4821, 1353-8452, 0964-8452 and 1078-2862, respec-

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

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

211 Muidplex PCR amplification and typing.  All the microsatellite were ang-
lysed by co-amplification using 25pL final reaction volume containing 10ng of
sampie DNA and 0.75 umts of TagDNA polymerase with STR buffer and primers
specific for the multiplex. The primers and buffers were oblained from Promega
Corporation, Madison, Wisconsin, USA, PCR amplification was carmied out at
PE 2400 model PCR (PE Biosystems, Foster City) following the manofactyrer’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 slandard allelic ladders supplied by the manufacturer.

24.  Swtiziical analysis

The size estimates of VNTR was done with respect te 0.5-22 kb ladder (Gihea
BRL) using computer-assisted software supphed with phosphor Imager G§ 503
{Biorad). Measured fragments were grouped with fixed-hin classification of the frag-
ment sizes, following the fixed-bin boundaries listed by Budowle er al. (1391h), The
unhbiased and expected estimate of the VNTR proiiles and number of genotype in the
samplc set was used for determination of the expected heterozygosity (Edwards ef o/,
1992). Alleles for STR loci were scored by a manual method in reiation to allele
ladders provided by primer kits. The expected number of distinct homozygous and
heterezygous classes and their standard errors (SE) was caleulated for the STRs
according to the method described by Chakrabarty ef af. (1991).

Possibie divergence from Hardy-—Weinberg expectation (HWE) was determined
by calculating the unbiased estimates of the expected homozygotes and heterozygate
frequencies (Nei and Roychoudhury 1974, Nei 1978), the likelihood catio test
(Chakraborty er af. 1991, Weir 1932) and gxact tes1 (Guo and Thompson 1992).
The null allele frequency » was computed using the methods described by
Chakraborty e al. (1994), The level of significance of the test, where applicable,
were determined by shuflling the observed fragment sizes across the individual and
replicatmg the allele shuffling 2000 times for each test (Chakraborty 19933 An
interclass correlation criterion {Karlin er of. 1981) for two-lovus associalion was
vsed for detection of the disequilibrium between the set of YNTR and STR loci.
[ addition, to determing the linkage disequilibrium between the set of VNTR and
STR loci, variance (§,7) of the number of heterozvgous loci in the population sample
was also performed (Brown ef gl 1980, Chakraborty er al. 1994). Gene diversity
analysis {Nei 1973) was performed and genctic distances (D.) were computed
according to methods described by Nei a1 of. (1983). Neighbonr-joining trees were
constructed lor depicting the genetic affinities between populations {Saitou and Nei
1987), with the reliubility of the phylogenetic relationships examined by the boot-
strapping methad with 500 replications.

3. Resulis

Distribution of frequency occutring bins at the VNTR (figure 1) and STR {figure
2} loci among the five Manipuri populations show that the most frequent fragments
in both the DNA markers occarring either in the same or adjacent bius or alleles. We
have estimated the accordance of these foci with predictions of Hardy—-Weinberg
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equation. HWE-homosyyosity test, likclhood 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 (vahues less than 0.050) at the D38110
locus for the Kuki and Hmar population. Ao apparent departure from HWE at
some of the loci showing the deviations were re-analysed following presence of non-
delectable allele frequency r (Chakraborty ez 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 nsing VNTR
markers (FBI Laboratory Division 1993, Chakraborty ez al. 1994, Sovinsky er al.
1996, Duttz and Kashyap 2001a,b). No such deviations were #ncountered in the
analysis of the STR data among the five populations for the three loci studied for
confirmation of HWE (table 1).

Indepoendence of alieles at any of the pairwise comparison of 1he loci was calcu-
lated amony the five populations (data not shown) for the four VNTR and three
STR loct. No associalion among the alleles among all the studied loci in the selected
populations were observed. Linkage disequilibrium in mulblocus genotype data
from population surveys may be detected by the vbserved vanance of the nymber
of heterozyeous loc {."i'kz) statistics (Brown ef gf. 1980). Random data sets generated
by shuffling the data 2000 times were vsed to determine the upper and lower bound-
aries within 95% CL. The 5,7 values did not show any association across the four
¥INTR and three STR loci among the population groups.

The absence of association across the studied minisatellite and microsatellite
markers prompled us to calculate the probability of match, supgesting the unigue-
ness of the profile obtained using these markers among the Indian populations. The
probability of match {Pu) for the four VNTRs obtained was between 1.7 x 107° and
3.2 % 1077, On the other hand, combined Py, and for the three STRs was between
1.6 % 10" and 6.5 x 107°. The cumulative #y obtained using ail the seven hypervan-
able loci was hetween 4.54 x 107" and 2.0 ¢ 107'". The match prebabilities were
simifar to our earlier ohservations using these markers [or Indian populations
{Dulla and Kashyap 2001a,b).

Locus-wise heterozygosities and G, valugs for each of the four VNTR and three
STR. loci among Meitel, Naga, Kuki, Hmar and Manipuri Muslim populations arc
shown n table 2. Hhgher average heterozyvgosity values (between 22% and 89%)
wore obtained at the minisatellite repeat systems, in comparison with the microsa-
tellite markers (betwesn 71% and 75%). The average &, value for the four minis-
atellive markers (0.03) was lower than the microsatcllite loci {0.043).

The matrix of genetic distance Dy for both VINTR and STR loci for the studied
population groups is shown in table 3, In the case of VNTR the Meitei, Naga, Kuki
and Hlmar populaticns did not show any significant distance between them and
the distance exhibited Ly these groups with the YNTRs were consislent with the
observations of the microsatellite markers. Based on the distance matrix, neighbour-
joining trees were constructed depiciing the aflinitics between the populations
{figure 3) at the ¥YNTR and STR loci. In the neighbour-joining plot using VNTR
markers, population groups of Brahmin, Kavastha and Craro, from West Bengal
{Dutta and Kashyap 2001a) and three northwestern population samples of Hindu,
Sikh and Puigabi (Sovinsky ef af. 1996} were included. Similarly for the neighbour-
juimng plot using the STR markers, data itom the Brahmin, Kayastha and Garo
were included for comparison wilh other Indian populations {Dutta and Kashyap
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Figure 1. Fixed bin alleks distribution at four ¥NTR toci in five Manipuri popalations,

20015}, The data obtained in the current study was, however, used in plotting the
third dendrogram incorporating all the seven hypervariable loci. The plot using the
seven loct was stmilar to the plot obtained using STRs. In the VNTR plot. Lhree
distinct branches were observed. The northeastern Indiun populations wers sepa-
rated from the other Indian populations at 94% of bootstraps. The Indo-Caucasoid
populations of Brahmin, Kayastha, Hindi, Puujabi and Sikh populations formed the
second branching with a bootstrap value of 87%. The close association between the
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Figure 1. Contimmsd.

Punjabi and Sikh populations of India was reflected in the 100% booistrap value.
The Manipuri Muslim formed the third complete separate branch, The pattern was
sumilar in case of the §TRs. Once again the northeastern Indian populations were
found separated from the other Indian (Caucasoid populations) in ¥7% of the boot-
straps. The Meitel was found separated from the combined branch of the north-
eastern Ipdian 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 ¥ariation between the Mongoloid and the Caucasmd 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 Mregueteles at three STR loci in five Magiput populalioms.

4. Discussion

The study amony the five gaographically contiguous and culturally and linguisti-
cally diverse Manipur population groups show distinct allelic differences in both
VNTR and STR for some specific proups, suggesting the influence of population
structure variables. The eccurrence of the froquent allele was in acenrdance with
other reports (FBL Laboratory Division 1993, Sovinsky e of. 1996, Dutia and
Kashyap 2001a,b). One possible explanation of such a distribution could be the
¢volutionary antiquity of alkles, where the most common alleles arc usually the
oldest, while the wider distribution of the low-frequency alleles reflects different
rates and types of mutations in populations (Waterson and Guoess 1977).

The analyses of the VNTR systems in the five populations have shown record of
all the alleles in 6 out of the 20 population—lacus combinations. At loci D5S110,
significant ¢ffect of r was obscrved. The frequency of non-deicctable allele v, how-
ever, did not affect the suitability of the other loci to be in HWE. However, one could
argue that the excess homozygasity values could also lead to a suhsiantial increuse in
the value of » yet provide satisfactory HWE values. As we have analysed the differ-
ence hetween observed and caleulated homoxzygosity and the values were found to be
willin zcceplable limits (dala not shown), the causc for the devistion could be
attributed to the presence of non-detectable frequency ¢. The independangce of alleles
across pairwise comhbination of the loci, test for association across all the loci and
probakility of match values decument for the inclusion of these VNTR and STR Joct
Tor the purpose of human identification among Indian populations.
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Table L. Hardy-Weinbery cquilibeium test for the VNTR loci and STR loci ir Manipur population

proups.
Meitsi  Kuki Naga  Hmar M.Muslim
Locus o= 128 75 TH &0 a8
YNTR
THST HWE 1est 0.053 {0.158 0387 G463 0944
Exact (=2t 0087 0.184 0246 0085 0111
Likelibood ratee test 0,068 {.123 0. 3 0153 [ XFs]]
¥ 0017 {.021 &0 0,022 04
D45 139: HWE fest 0.186 Q. 131 0335 0a50 0.785
Exact tcst 0077 0185 0457 552 0.340
Likelibood ratio best 0.14% 0,361 0210 0552 03rs
¥ 0.026 0.041 0. ‘0.008 0.0
D35114G: HWE teal 371 0.056* 293 0437+ 0252
Exact test (L4 R 1 2081 0.5a7% Iy, L 50
Likaliheod ratio test 0117 .4%6% 00713 0512 0681
r 0025 Q.01 0.0 0445 .02
DTS- HWE test 0187 .54 (0, 3003 0.74% 0.234
Exact test k115 520 O 2&T 4.548 0.&aig
Likedrhownd ratio t=at G210 [ R4, K] 0382 1. ME 0377
r 0032 0042 0033 0002 09
5TH
HUM VWA HWE pest 0477 0455 0,749 0,205 0.4
Likelihood ratio test 001 760 .537 0,130 {0,193
Exacl tesl 1.131 DED (L5354 0.630 0,200
FESFP3: HWE test .33 3214 0.3ifa 0696 0949
Likelihowd rabio test a9 .30 0.58a 0.222 0,182
Enact tesl L ). 408 N0 5283 0.214
F13A01: HWE fest 0430 0209 a.R3! 0.2%0 0.834
Liketihowd ralic test 0397 0161 0.954 0.530 {.543
Exact test 0976 0288 1,956 195 {1.383

r = null allele feguency.
* Yahe with r.

Table 2. Average heterozygosity and G, values For VNTR. and STR leci in the northeast populations of

India.
Lowus Meitei Kuki Maga Hrmar M. Mustm Gy
VNTR
b1%7? 0,332 04917 0418 0oi3 o7 0021
DAS139 0210 0LEH) .597 0.006 0.635 {03
55110 0916 G927 0.59% 0.0u4 [HR I 0.0
D178 0,796 N.E13 0,533 042E .15 0.038
Averape 0,87 0.887 0.B%6 0397 N_E25 1.030
5TR
vWA 0,654 0.7 £.843 0.533 0.77% 0046
FESFFS 0.72¢ 0.733 0.737 0. B, 566 0.067
F13A01 0.E07 1.7%5 0n.78] {809 0807 0.017
Avernpe 073z 0145 0.74 D.TET QrFLT 111 &)

Both the VINTR and STR systems have shown higher &y, values in comparison
with the classical markers {Papiha 1996). Althongh 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 15 less pronounced at the VNTR loci in
comparison with the proteic or blood group markers. This is different from the
chservation af Chakraborty er 2f. (1996), which showed that the VNTR and protein
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Table 3. Geoetic distance {5 4) based on VINTR (lower diagonal) and STR lnci (upper diagotial) among
the Manipur populations.

—

Population Meilei Kuki MNoga Hrouar M. Muslim
Mieited - .0310 0.10275 00213 0.0377
Kuki 0.17% (LELE]H. 0.0075 0.0698
Napa 0.160 0.234 - 00055 D050
Hmar 0.1a7 0,052 0.072 = 6.0514

M. Muslim 0.323 0.2 0.282 {.208 =

loci have almost the same Gy, valuss and henee have some effcet of population sub-
structuring. The bigher G, values of the microsaiellite could, however, be atiributed
to the lesser susceptibility of these loci towards mutations. Among the STR markers,
a difference in the {7, values across the populations were observed (0.046 at vWA,
0.0067 at FESFPS and 0.017 at F13A01). We are unsure of the reasen 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 ol populations, which
corresporkls to their socio-cultural and ethise differences and not with their peo-
graphic proximity. Manipur Muslims are distinct from other pepulations and stand
out separately from the rest. Although the type and number of genetic systems used
are important in detecting the genetic relationship, the resnlts do aot suppert the
findings of Mukherjee ef 4f (1999). They studied four STR loci in eight diverse
papulations ftom West Bengal (three), Orissa (three} and Uttar Pradesh (twn)
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 papulations [orm separate cluster from the other Indian populations. This
observation further supports the findings based on a classical pene frequency study
(Roychoudhury 1992) that Mongoloid populations show penetic similarity irrespec-
tive of their geographical, socio-cultural and linguistic backgrounds. These findings
suggest the importance of population structure variables in studying the genelic
similarity among the [ndian populations. Possibly, owing Lo their geographical bar-
riers, socio-cultural and ethnie differcnces have remained isolated from the other
Indian papulations.

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
VINTR) agree in peneral. However, the clustering pattern obtained from combined
DNA markers are more in conformity with the pattern obtained by STR loci rather
than with VN'TR loci. If these findings are confirmed by other studies. this possibly
suggests the preference of STR loci over VINTR For investigating the menctic affinities
among the population groups. This might aiso suggest the possibility of significant
association (e.g. linkage, ctc.) between VNTR and STR loci. Elowever, we are nol
aware of such studies in this regard. But such association beiween YNTR and STR

?nci is expected 1o reveal further insights into the nature of relationship and its
importance in the genetic study of populations.
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Zwsasmeafacsmmp. Hiniergnmd. Abgeschen ven eimipgen traditionellen Markern, welche an cinigen
zahlenméfig Kleinen, geografisch abgegrenzten Erhebunpen von mongoliden Populationen jpy
Nordostzn Indiens studiert wurden, ist sehr wenig liber ikre genetische Verschiedenheit aul molekulape;
Ebene bekanot

Primidires Ziel: Die vorliegende Studie versucht zu untersuchen, wic dic gecignetsten varable numnicr
tandem repeat (WNTR)- wnd shorl tandem repeal (STR} Lod gemcinsam die Muster der penciigehen
Yerwandtechafl zwischen 5 geografisch angrenzenden, aber sprachlich und soziokulturell unterschjedl.
chiem, der mangoliden Gruppe angebdrigen Populationen ip Manipur (Rorddstlicke Region von Indien)
heransgefunden werden kinnes.

Moterial wnd Methoder: Es wurden Blutproben von nichl verwandien und zufillig avzgewih|ten
Freiwilligen von 5 ethnischen Populationen (Muitei, Kuki, Naga, Hmar und Manipur- Meslams) aus $
noterschiedlichen Landesteilen gesammelt. Es wurde die Allelenvariation von 4 Minisatelliten-Loci (D157,
D813, DESI0 und DTS und 3 STR-Loci (vWA, FESFPS und F13A01) untersucht.

Ergabrtivig: Die  Juichschoittlichen Heterszygolemfrequenzen zwisthen den 3 Grappen e die
Mikrosatelliten erstreckten sich zwischen 98 und 34%, wihrenddessen die Hypervaciabalitir der 3 STR-
Loci 2wischen 60 und B8% schwankie. ln den Populationen waren alle wntersuchten Loci hoch noly-
morph- mit pahezy keiner Abwachung vom Hardy-Weinberg- Equilibrinm. Die Gendiffcrengietung fiir dia
VNTR-Loci war miedriger und mederal (G = 000201 im Yergleich zu den Mikrosatelien (G, = 0.043),
Dic neighbour-joining-Methude, welche aul beiden Typen der molekularen Marker basiert, enthill cin
dichtes Closter bel den Stammesgruppen der Kuki, Naga und Hmar, wihrend dis Masipur-Moslems in
beiden Stammbiomen gesonden stehen. Die Muester des Clustecs, welche von den kembinderien D a-
Marker-Loci erhalten wurden, sind bei den Mustern der STR-Loci dichter als bei den VNTR-Loci.
Schfuffoleerungen: Die Bgsultale digser Btudic untermaucm, daB diz Untersuchung sowohl det YINTR al;
auch der STR zur Bestimmuny der genetischen Yerwundtswhull zwivehen den Populationen ¢ffektiver ist
uls div voneinaader viabhingige Bestipomeng der VNI R oder der STR. AubBerdews werden dic Ergebnisse
durch die serologischen vad clekfirophorctischen Daten untershittet.

Dennoch sind die Clustar-Muyster, welche von den kembimierten TPNA-Markern erbalten worden, mit den
Mustern der STR-Loci eher kanform als minden VMTR-Loci. Ungeachtet der sprachlichen, seozrafischen
ustel kullorellem Barrieren 2eigen dic 4 Populationen mit Auvsnahime der umgesiedeen Manipos-Mivslems
eine genetische Yerwandtachaft.

Résumé, Arridre-plon: Hornis les margueurs traditionnels étwliés lors drenguetes lucales portunt sur de
petits efecrifs, 1o diveritd moléonlaire du genome dos populations mongoloides du nord est de Ulisde eq
trés peu conme.

Objectif premer: Cette tude cherche & évaluer dans gquelle mesure lek loci présentant des répdtiticns de
tandem en nombre variable (VINTER) ot 1es loci § répatitions de tandem courles (STR) pouvent rivéler
ensemble les affinités génétiques de cing populations mongoicides, ghographiquement conviguds mais
rociu-cal frellement Jdiverses, de I'gtal de Mampor dans te nord-2st de Flnde.

Sujels e midthedes: Des achantillong ganguing ool &lé préleves ches des volontaires pris o hasard ef non
appatentis entie eux, de cing groupes ethniques Meitel, Kuki, Maga, Hmar et musulmans Maniprl} de
diflérentes partes de Métzt. On a &indif la variation alleliquwe de quatre lock minisatellites (D157, Dd5114,
D531 and D175 et ge trois loci STRE (vWA, FESFPS aand C13AGCL

Résuliats: Les vukeurs moyeomey d'hélérozy gosile dans les cing groupes pour le minisatellite, s'étendent de
68% a 94% et de 00% A E4% pour les [rois Toci hyperveniables. Tous les loo étudies sonl baulement
pelymorphes ¢l ne presenténl presque pas d'écarl aux proportions de Havdy-Weinberg. [a différenciation
ginfhque povr les loci WVNTR est phus basse et modérfs (7, = 0.030) en comparaison aves 15 micre-
satelliles |G = 0LM2], La mithode d'agregation de proche en proche appliguée aux dewx Lypes do mae-
quenrs moléculaires révely Pexigtence d'wn étroit clusier rassemblant les provpes tribaux Kuki, Mugs et
Himar, alars que ks deux analyses nmintiennent l2s musulmans de Manipur g part. Le mode d'agregation
cbtenu A partir des marquenrs de DINA combines est beaucoup plus prache du mode que decrit las loci
ETR que de ecloi des loai WNTR,

Coneiusionr: Les rézultats renforcent U'idée gu'il est beaucoup pius efficace d'utiliser conjointement les loci
VNTR ¢t STK pour détecrer I'affinité pénatique de populations rigionales, que de Les viiliser séparément.
Par ailleurs, ils conlirmenl ceux gui ool e obienus 8 parir de données sérolopigues el Elecirophoritiques.
Cependant, ke mode d'agrégatlnn ohteny A partit deg margoeurs ' ADM e plus confotipe 4 celui gue
fournissent les marquenrs 3TR que YNTER. En déphl ée barridres géopraphiquer, linguistiques et cul-
twrelles, qualre des populations étudides manitestent des affinités qui les distinguent de Ja cinquiene,
papulation musulingoe imrmigrae & Manipur.

Resumen. Aniecedentes: Adamis de los marcadores tradicionales estudiados en alpunas investigaciones
realizadas co poblacionss mongeloides del noreste de la India, linitadas tanto numérica como geografi-
catnente, seosakbe muy poco de 12 diversidad penélica de dichas poblaciotss 3 nivel molecular,

Cbjetive principul Bste estudio pretende analizar oémo e uso conjunio de los lovi paca €] numero variable
de repeticiones en landem (WVNTR) ¥ para repeticiones cortas en tindetn (STR) puedz ejorar l2 deleccion
de patrones de afinidad gendtica entre cinco poblaciones con afinidad mongoloide de Manipur. situadas e
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ragiones del noreste de ia India, gecprificamente préximas pete Boglistica y socleculturalmente diversas.
Muestea y métados: Se recogieron musstras smnguineas de voluntarios seleccionados aleatoriamente ¥ nc
emparentados de 5 grupos tmicos (Mcitei, Kukd, Maga, Hmar ¥ Musulmancs Manipuri) de diferentes
zonas del &stado. Se estudid 1a variacién alélica de 4 Joci minisatélites (D157, D4513%, D5S110 y D17879)
y 3 boci STR (vWA, FESFPS y FI3A01).

Resullados: Log valotes de heteracigosidad media entre 1os 5 grupos para los minisatélites oscilaban encre
el 68% y el 94%, mientras que los tres loci 8TR tupervariables estaban entre ¢ 60% y el 88%. En las 3
poblaciones, tedos los loci estudiados fueron altamente polimériices, sin desviarse apenas del equilibrio
Hacdy-Weinberg. La diferenciacidn génica de los loci VINTR resnilté ser menor ¥ moderada (G = 0.030)
en comparacion con la de Jos microsalélites (G, = -0.043). E! método de agrupamisnte del vedino mmas
proximo (“neighbour-joining™) basado en ambaos tipos de marcadores malecnlares revela nn estrecho
agrupamiento cotre los gropos tribales de Kuki, Maga y Hmar, mientras que Jos musnimanes de Manipur
&8 mantienen separados en ambos arboles. El patron de agrupamients obtenido 4 partir de b ¢ombinacion
Je logi marcadores del DNA se corresponde ew mayor medida con ¢l patron de los lecy STR, gue con el
chienide a partir de loci VINTR.

Cenclusiones: Lon resultados apoyan gue el uso conjunto de los loci VNTR v STR para la deteccion de
afinidad ganética regional entre poblaciones €3 mas efective que el empleo de YNTR o STR de foema
indspendiente, ¥ también confirma los resultadas obtenidos a partir de dates serologicos y electroforiticos,
Sin embargo, el patrén de agrupamiznto obtenido a partir de marcadores combinados de DMNA se corre-
sponde mas con ¢l patrdn obtenido mediante loci STR que con loci VNTR. A pesar d2 las harreras
lingilisticas, geograficas ¥ culturzkes. existe afinidad genctic eotre 4 de las poblaciones sstudindas, con
ia excepcion del grupo emigrants Muswlman de Manipur.
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