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Genetic Structure and Affinity Among Eight Ethnic Populations
of Eastern India: Based on 22 Polymorphic DNA Loci

V.E KASHYAP,'* P. CHATTOPADHYAY," B, DUTTA," ann T.8. VASULU®
'DNA Typing Unit, Central Forensic Science Laboratory, Calewtta, India
AHGU, Indian Statistical Institute, Calentta, India

ABSTRACT The nature and extent of genetic variation at 22 polymorphic DNA loci, belonging
to three distinct classes, especially, 12 STR loci (D351358, vWA, FGA, D55818, D135317, DTS820,
DES1179, D21511, D18S51, HPRTE, F13B, LPL), four VNTR loci (D157, D45139, DES110,
D17579), and six coding loci (HLDQAL, LDLR, GYPA, HBGG, D758, GC) were investigated
among eight population groups of West Bengal and Manipur regions of India. Of these, two groups
from West Bengal belong to Caucasocid and six (one in WB and five in Manipur) belong to Mongoloid
stock. Both STR and the expressed loci show wide diversity among the eight populations. For
example, Manipur Muslims show differences in allele frequency when compared to four other
regional populations. Similarly, Garo, one of the Mongoloid populations of West Bengal, differ in
allele frequency from their counterparts in the Manipur region. Departure from Hardy-Weinberg
expectations was observed at certain loci in a few populations (e.g., D2151137 in Kayastha and
Brahmin, HUM F13B in Meitei). Heterozygosity values were higher for Caucasoid than Mongoloid
groups. The overall gene differentiation (Ggy) for STR loci is higher (5.3%) than for those at the
expressed region (4.6%). The clustering pattern of the eight populations differs with respect to
different classes of genetic markers used. The dendrograms based on six coding loci (HLDGAT,
LDLR., GYPA, HBGG, D758, GC) differs from those based on STR and VNTR markers. Caucasoid
and Mongploid groups form different clusters and Manipur Muslims are distinct from others. The
clustering pattern corresponded with the spatial and ethnic affiliations of the populations. Using
different classes of DNA loci at the coding and noncoding region will help to better understand the
influence of population structure variables on the genetic structure of populations. Am. J. Hum.
Biol. 16:311-327, 2004.

The development of molecular genetic
technology has renewed interest in inves-
tigating genomic diversity, phylogeny, and
microevolution among human populations,
which could provide more insight and darity
than what was possible with the traditional
serological and biochemical penetic markers.
DNA polymorphism of the human genome,
especially VNTR and STR loci in the noncod-
ing region, reveal large penetic variation
with high levels of heterozygosity and muta-
tion rates and are least influenced by selec-
tion processes as compared to genes at the
coding loci (e.g., HLA DQA1 and 5 PM lod)
in the expressed region. As such, VNTR and
STR loci are more preferred than codons to
study penetic diversity and microevolution.
In tﬂe Indian context, some recent studies
on DNA polymorphism have addressed the
izaue of genomic diversity (or affinity) with
reference to its association with geogra-
phical, ethno-linpuistic, and population
structure in some populations. Most of the

studies are based on highly polymorphic
VNTR and STR loci (Papiha et al, 1996;
Deka et al., 1999; Mukherjee et al., 1999,
2000; Dutta and Kashyap 2001ab; Reddy
et al., 2001) and HLA diversity is the hasis
of a few other studies (Balakrishnan et al.,
1996; Pitchappan, 1986, 1988). In this re-
gard, it is of interest to investigate the use
of different sets of DNA polymorphism in
reflecting genetic diverzity. Do different
sets of er-variable loci considered either
separately or used collectively provide
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similar results? How exactly do the findings
hazed on DNA polymorphism differ or con-
tradict those based on classical sero-genetic
data?

In this study we report the genetic diver-
gity among eight populations—three from
West Bengal in the eastern region and five
from Manipur in the northeastern region
iTable 1) based on 22 loci belonging to three
classes of DNA markers. These represent six
PCHR-based expressed coding loci (HLADGAT,
LDLR, GYPA, HBGG, D758, GC), 12 STR
loci, and four VNTR loci. These have been
widely uszed in gene mapping, forensic studies,
and information on population structure and
population genetics of regional and global
populations (Clark, 1987; Chakraborty, 1990;
Edward et al., 1992; Jin and Chakraborty,
1995; Papiha et al, 1996; Robinson et al,
1996; Deka et al., 1999). This study seeks to
evaluate the usefulness of DNA polymorphie
loci at the coding region and with reference to
STR and VNTR loci at the noncoding region
in assessing the genetic affinities and diver-
gity among the regional populations, and
whether a combination of different sets of
loci provides similar results than the separate
use of either coding genes, or STR or VNTR—
the tandem repeats of different classes.

Of all the regions, the northeast region in
India i inhsbited by mostly Mongoloid
groups and iz represented by several trihal
populations. They have m.ig:'ﬂted from north-
ern and eastern borders at different periods in
the past. Although they share similar physical
features, they speak different languapes and
show differences in cultural and biological
characters. When compared with other
regions, the penetic diversity and affinity of
many of these groups have not been fully
explored, due to relative isolation and access-
ihility and other practical problems. However,
Roychoudhury (1992), based on serological
data, observed that all the Mongoloid-
affilisted populations show genetic similarity
with respect to peographic proximity, no mat-
ter wh:fher thg;r ]{gjrr‘ljé];natgd from };.he same
tribal group or linguistic family in the past.
Manipur iz one such region that represents
several Mongoloid tribal groups, some of
whom have adopted a caste structure, and it
alzo represents other Caucaszoid populations
from other parts. The West Bengal region
forms a link between the northeast and the
rest of the country. The population is of a
mosaic nature and represents a diverse popu-

lation from different regions. There had been
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free movement and settlement of populations
from West Bengal to the northeastern region
and vice versa. Using genomic data, the study
sought to examine the hypotheses that:
1) Mongoloid populations, especially Garo
in West Bengal and Mongoloid groups in
Manipur, show pgenetic similarity irrespec-
tive of their origin or language affiliation and
their pgeographical contiguity. 2) Whether
Caucasoid groups in West Bengal and in
Manipur show genetic affinity. 3) Whether
the pattern is consistent irrespective of the
type of polymorphic loci used or whether a
combination of loci of three different classes
of DNA loci better explains the clarity of the
genetic affinity of ﬁe diverse populations
used in the study.

MATERIALS AND METHODS
Population

The study consists of eight populations,
three from West Bengal and five from
Manipur, northeast region, India. A total
of 841 blood zamples from unrelated and
healthy individuals were collected for the
atudy. Of these, 323 samples were from
West Bengal, especially from two higher
caste proups (Kayastha and Brahmin from
the southern area) and the third from Garo,
a Mongoloid-affiliated population from the
northern region. Also, 518 samples were
from different parts of the Manipur Valley
in the northeast region, especially from
Meitei, a caste and three tribal populations:
Napa, Kuki, Hmar (all four are of Mongoloid
ethnic origin}, and from Manipuri Muslim a
Caucasoid group. All 841 samples were used
for analysis of nine STR Profiler Plus loei
iD351358, vWA, FGA, DES1179, D21511,
D18551, D5S818, D13817, DTS820). How-
ever, due to constraints on the availability
of lahoratory facilities, supporting chemi-
cals, pene typing kits, probes, ete, only
about 623 samples could be uszed for the ana-
lysis of three Monoplex STR loci, six coding
loci (HLDQAL and five coamplified loei) and
for the four VNTR loci. The details of the
sample size for the different set of loci, geo-
graphical location (Fig. 1), sodal status, and
linguistic affiliation of the studied popula-
tions (Singh, 1998) are shown in Table 1.
However, the allelic frequency data, pene-
tic distance, and pgenetic structure of the
four VNTR loci (D157, D45139, D5S110,
D17879) and six polymorphic coding loci
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Figure 1: Geographical Distribution of studied Population in West Bengal and Manipur, India
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Fig. 1.

WETE prese.ntad earlier (Dutta et al., 2001a;
Chatto ay et al., 2002) and some results
are utili d ere for comparison.

DINA Extraction

The samples were collected in EDTA-
containing vacutainers, aliquoted (700 pl),
and stored at -20°C prior to DNA extrac-
tion. DNA was extracted from aliquoted
blood samples following a phenal-chloroform
method (Comey et al, 1994). Briefly, the
samples were incubated in 50 mM Tris-
HCIL, 150 mM NaCl, and 100 mM EDTA
Nag, with the addition of SDS (1.25%) and
003 mpgml proteinase K, precipitated
with absolute ethanol after two extractions
with  phenol-chloroform:izoamyl  alechol
i24:1), respectively. The quantity of DNA in
each sample was estimated using the slot-

Greographical location of the eight populations in West Bengal and in Manipur regions, India.

blot procedure described by Waye et al
(1989) and by Hoefer's DyNA Quant 200
Flurometer.

PCH ampiification and typing

HLDQA1 and five polymorphic loci.  Fifteen
ng of DNA samples was amplified in a total
volume of 50 ml reaction mixture in one
multiplex PCR reaction and typed for geno-
typing of the six codons (HLA DAL and five
coamplified loci) by using the Amplitype
PM+DQA1 PCR Amplification and Typing
Kit (Perkin Elmer, Boston, MA) according
to the manufacturer’s protocol (Amplitype:
User Guide, 1998, and Cetus, Norwalk, CT).
The amplified PCR products were hybrid-
ized to DNA probe strips and specifically
bound amplified DNA was visualized upon
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the enzymatic converzion of a colorless sub-
stance into a blue precipitate.

HPRTE,F13,and LPL. Three different mono-
plex PCR reactions were carried out to
analyze the HPRTB, F13B, and LPL lod.
Twenty-five ng of DNA was amplified in a
total volume of 25 ml reaction mixture using
a commercially available kit (Promega,
Madizon, WI). The amplified product was
separated on 4% denaturing polyacrylamide
gels. Following electrophoresis, the gels were
stained using a silver staining kit from
Promega. The repeat sizes were determined
with respect to the standard HPRTB, F13B,
and LPL allelic ladders supplied with the
Gene Print Kit (Promega). Alleles at these
loci have been designated the size (in
hasepairs) of their PCR product and their
corresponding repeat numbers.

Profiler plus STH loci. A total of 25 ng of
extracted DNA was amplified for N STR
loci using a8 commercial kit (Perkin Elmer)
and run on an ABI 377 automated DNA
sequencer. The resultant data analysis and
allele designation was carried out using Gene-
scan and Genotyper software. The details of
VNTR and six polymorphic loci analyses were
described previously (Dutta and Kashyap,
2001a; Chattopad hyay, 2002).

Statistical analysis

The allele frequency for each genotype in
the sample set was calculated by the gene
count method. Possible divergence from
Hardy-Weinberg expectations (HWE) was
determined on the basiz of the likelihood
ratio test (Weir, 1992) and the exact test
(Guo and Thomson, 1992). The level of sig-
nificance of the test, where applicable, was
determined by shuffling 2,000 times for each
test (Chakraborty et al., 1993). Average het-
erozygosity, genetic diversity, and #eneﬁc
distance were estimated with the help of
Genetic Distance and Phylogenetic Analysis
Software (Nei, 1973, 1987; Nei et al., 1983)
and the phylogenetic trees were drawn hy
unweighted group-method with arithmetic
mean (UPGMA) (Sneath and Sokal, 1973).
Both standard genetic distance and DA dis-
tance and dendrograms were calculated for
the 12 5TR loci and 18 loci. Since the VNTR
loci lack the precision of scoring the alleles
bhecause of poor resolution on acrylamide
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gels and a limitation in the differentiation
of the observed and real alleles, which can-
not reflect the accurate information through
UPGMA clustering, the bootstrap method
iFelsenstein, 1985) was applied to test the
stahility of the topology of the UPGMA den-
drogram. A replication of 1,000 times of the
distance matrix was repeated at random
with replacement. Each dendrogram was
compared with each cluster with the original
topology to examine the stability of the topo-
logy. The frequencies (percentages) of all the
dusters are shown on the nodal points in the
dendrogram. The high frequency of a cluster
reflects its higher stability.

RESULTS
Vanation in 12 STA loci

Distribution of allele frequency at 12 STR
inine profiler plus loci and three monoplex)
loci (Fig. 2) shows that most common alleles
were found at either similar or adjacent
alleles. The data on allelic frequencies were
published previously (Dutta et al., 2001a).

ite the wide range of the allelic variation
in the nine profiler pﬁ]s loci, the figure shows
a discernable pattern that reflects the geogra-
phical and ethnic affiliation (and population
structure) of the three West Bengal and five
Manipur populations. In general, a few allelic
frequencies of the nine loci show high values
among the two West Bengal populations and
low frequency in the Manipur populations
ie.g., allele 16 of D3S1358, allele 15 of vWA,
alleles 20 and 22 of FGA, allele 322 of
D21511), while a few other alleles show the
opposite trend of greater frequency among
Mongoloid populations (eg., allele 17 of
D3S1358, allele 17 of vWA, allele 24 of FGA,
allele 29 of D21511). Meitei, a caste popula-
tion of Manipur, show intermediary fre-
quency between the regional and the two
caste populations of West Bengal, whereas
Garo, a Mongoloid group from West Bengal,
show similar trends, reflecting the influence
of pene flow due to geopraphic proximity.
Manipur Muslims, a migrant community of
non-Mongoloid origin in  Manipur, show
some distinet allelic frequency in some loci,
thus reflecting the influence of population
structure variables. For example, it shows
a high (percentage) frequency for alleles
15 (44.4%) and 16 (30.5%) at the D351358
locus, for alleles 9 (30.5%) and 12 (22.29%) at
D18551, for alleles 9 (38.8%) and 11 (25.09%)
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Fig. 2. Allelic frequencies for 12 STER lod in three West Bengal and five Manipur populations.
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Fig. 2. Continued.

at D13S317 loci, and the absence of several
other alleles at other loei.

Similar trends are also observed at three
STR loci: HUM PRTB, F13B, LPL (Fig. 3a).
The West Bengal group shows the highest fre-
quency in allele 12 (0226 to 0.351), whereas
the Manipur group shows the highest fre-
quency for allele 13 (0.272 to 0.400). Alleles 7,
8, 15, and 16 at HUMHPRT B were absent in
all Manipur populations and alleles 13 and 14
at LPL were alsoabsent in all, except in Meitei.
Manipur Muslim shows a low frequency
(11.1%) of allele 10 of F13B loci, while allele
11 iz absent in the Mongoloid group. VNTR
loci also showed similar trends (Dutta et al.,
2001a).

Variation in six polymorphic coding loci

Inthe case of the HLADQAT locus iFig. 3b),
the two caste populations, Kayastha and
Brahmin, and three Manipur tribal popula-

tions, Naga, Kuld, and Hmar, show similar
frequencies (Chattopadhyay, et al., 2002).
Allele 2 is the most frequent in Kayastha
and Brahmin, whereas allele 4.2/4.3 iz the
most frequent in the Manipur populations.
The MMuslim group shows high frequency
i16.6%) for allele 1.3, lower frequency (2.7%)
for allele 3, and the least (5.5%) for allele 1.2,
In the casze of five coapmplified coding lod
i(Fig. 2b), the Kuki population shows the low-
eat frequency for alleles HBGG (A), D7S8 (A),
and GC (A). The Naga and Muslim groups
from Manipur show the highest frequency of
D758 (A) and GC (C) alleles, respectively.
The allelic frequencies were examined for
deviation from Hardy-Weinberg expectation
by the H-W exact test (Table 2). The results
show no detectable deviation from H-W
expectation for the six coding loci (HLD
QAL and five coapmplified loci (of PM Kit)),
but in the case of (Profiler Plus) STR loci,

deviation from HWE is noticed, for example,
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in Kayastha for DB51179, D21511, D135317,
and DT78820lod; in Brahmin for D135317 and
D21511; in Meitei for vWA and D7S820 loa;
in Garo for DAS11791od; and in Kuki for viWA
and FGA loci. Except for HUM F13B loci in
the Meitei population, the other two Mono-
plex STR loci are in Hardy-Weinberg equili-
brium for the studied populations.

Gene diversity

Average heterozygosity and Ggp estimates
for each of the 22 loci of the three dass of DNA
markers, in both the expressed and nonex-
pressed regions, of the human genome were
caleulated for the eight populations (Table 3).
In the case of the STR loci, D7S820 depicts the
least variation among the populations (0.66
to 0.77), whereas both D351358 and FGA
show a higher range of average heterozygosity
values. In the case of six coding loci, the
HLDQAL locus and alleles in GC loci main-
tain higher average heterozyposity values
LDIR and D758 alleles (in the PM system)
show the least variation. Between the differ-
ent classes of DNA markers emploved in the
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study, VNTR and STR demonstrate higher
mreruﬁl heterozygosity than the six codin
loci. The resultz indicate the influence o
population structure varisbles. For example,
the two caste populations from West Bengal,
Kayastha and Brahmin, show lower values
of average heterozygosity at most of the 12
STR alleles than the Garo and the five
Manipur populations. The M Muslim popu-
lation shows higher average heterozygosity
values at the loci: vWA, D55818, D7S820 in
the STR aystem, and in four of the five codon
loci (LDLR, GYPA, D788, and HLADQATL).
The Naga population shows higher average
heterozygosity at the HLDQA locus and at
GYPA and D758 loci. Average heterozygosity
values for the combined 12 STR loci, 18 DNA
loci (12 8TRs and six coding loci), and at 22
DNA loci collectively (12 STR, six coding loei,
and four VNTR) for the studied populations
are shown in Table 4. The values for STR lod
reflect higher average heterozygosity than for
either the combined 18 DNA or 22 DNA loci.
This could be due to the lower heterozygosity
estimates obtained in the case of six coding
loci.



V.K. KASHYAP ET AL.

HLDQA1 Locus

1.1 1.2 1.3 3 4.1
Allele
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Fig.3. Allelic frequencies for six coding loci (HLDGAL
Bengal and Manipur.

The estimates Gep, which reflect the extent
of genetic differentiation for the studied loci
i(Table 3) show the least differentiation at
VNTR, six coding lod than S8TR loci Dif-
ferent alleles in each of the three types of
DNA loci uszed for the study also show differ-
ences in the extent of gene diversity amon
the populations. Among STR loci, vW
depicts the least differentiation (2.3%), while
D5S818 shows the highest (6.7%). In the case
of the PM loci system HBGG allele shows
the least values (0.7%), possibly suppesting
greater stability than other alleles. Overall,
the extent of pene differentiation between
the populations for the combined 12 8TR
loci is 5% and for the combined 18 DNA and
22 DNA loci it is about 4% (Table 4).

Based on the 12 STR and 18 polymorphic
loci collectively “standard genetic distance”

, five coapmplified loci) and in eight populations from West

and “genetic distance Dy" were computed to
investigate the genetic affinity between the
eight populations. Since the results for two
distance matrices were consistent, we have
shown “genetic distance D,™ wvalues in the
lower triangular for 18 DNA loci and upper
triangular matrices for 12 STR loci (Table 5).
In the casze of the 12 STR loci, both Kayastha
and Brahmin, the two caste populations from
the West Bengal region, show the least value
and Garo and MMuslim populations show
the highest value. Garo, a Mongoloid group
from West Bengal shows close affinity with
the Naga population of Manipur. Among the
Manipur populations, the Meitei caste group
shows affinity with Naga whereas Hmar and
MMuslim are distinetly different from the
others. At the level of 18 polymorphic lod,
which represent both the coding and noncod-
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TABLE 2. Test of Hordy-Weinberg equilibrivm (PH-W Exact test) for the 12 STR D381358, vWA, FGA,
DES117e, D218, DISS51, DAS81E, D38S317, D7Ss20, HPRTE, F138, and LPL and for the six coding
(HLAINIA T and five coapmplified loci) and four VNTR loci (DIS7, D451389, DAS110, and DITSTY) in three
Weat Bengal and in five populations of Manipur

West Bengal Manipur
Locus Kayastha Brahmin Ciaro Meitei MNaga Kuki Hmar MMuslim
STR Loci
DEs1358 0425 0870 04835 0.781 0152 0612 10.:386 0,347
VWA 0.500 0305 0.118 0005 0235 0042 0.127 0.111
FGA 0085 1.188 0.136 0486 0140 0054 0048 0.552
Das1179 0005 0.281 0002 0271 0717 0.EE3 0.188 0.288
D21811 onn2 0006 0119 0.710 0.166 0208 0.187 0603
D158351 0443 0.211 0217 0.198 0250 0.250 0250 10,337
DaSA1S 04912 .988 0117 1.583 0.708 0.8556 0.730 1.:383
D1asa1y 04070 0011 04325 0411 0050 0291 0. 166 0112
D78820 0050 . 166 0214 064 0434 0171 0.1249 0.513
HUM HPETB 0425 0870 0835 0.781 0.152 0612 0,356 0,347
HUM F13B 0.500 0.3045 0118 0005 0235 0042 0.127 0111
HUM LPL 00485 0.188 0.136 0496 0140 005 .044 0.6562
& Coding Loci
HLADGAL 0175 0274 0068 LN 0074 .86 0214 0.228
LDLR 0271 LK 04649 0542 LINEY BT L1000 0,364 L1000
GYPA 0095 0.774 0567 524 0632 1000 LOD0 10.:3:37
HEBGG 0434 L1000 0827 0.523 1000 L1000 0310 L1000
D7s8 0045 0.077 0.731 0118 10040 L1000 L1000 1.253
Cie 0.1948 0.120 0348 0.183 0.788 10.:388 1000 L0685
4 VNTR Loci
DSy 0242 0206 02849 0087 0246 0.184 0085 0.111
D4s134 0.1566 244 0.776 0n77 0467 .185 0.6552 .54
D&S110 04857 0.579 0134 0074 0081 1LE 0.367 0.150
D17879 0606 0.114 0334 0.115 0267 0.520 .54 06149

ing regions of the DNA, the “genetic distance
D" (lower triangular matrix), Kayastha and
Brahmin show the least values, and Garo is
closer to Naga populations than others. Both
Hmar and M Muslim maintain the highest
distance values with other regional popula-
tions.

A comparizon of the pattern of clustering of
the studied populations, hased on genetic dis-
tance matrices, for each of the three class of
DNA polymorphism (coding lod, VNTR, and
STR) (Chattopadhyay et al., 2002; Dutta et al.,
2001a) is considered separately (Fig. 4). The
striking common features and differences
in the pattern of clustering are conspicuous.

In all three classes of DNA markers both
Kayastha and Brahmin form a close cluster
and are separated from the other six popula-
tions. The four tribal populations, Naga,
Kuki, Garo, and Hmar, form a separate dus-
ter in the case of dendrograms based on
VNTR and STH loa. In contrast, in the case
of six coding loci, the Kuki population is sepa-
rate from the cluster, whereas Meitei, a com-
patriot caste Mongoloid group, is clustered
with three compatriot tribes (Fig. 4b). One
more significant difference iz that in the

case of 12 8TR and VNTR loci, MMuslim is
separate from the other seven populations,
whereas it iz clustered with Meitei in
Profiler Plus loci and in six coding lod
MMuslim clusters with the local three tribal
populations of Manipur.

Based on the distance matrices for 12 5TR
loci and 18 DNA loci, two separate dendro-
grams depicting the different levels of clus-
tering of related populations were drawn by
following the UPGMA cdustering method
iFigs. 4a, 5). Both dendrograms show almost
a similar clustering pattern. The difference
is that the clustering baszed on 12 STR shows
higher bootstrap values, sugpesting more
consistency than for the clustering based on
combined STR and coding (18 DNA) loci. In
the case of 18 DNA lod, the tree shows two
main clusters. Manipur Muslims stand apart
and are distinet from other populations. The
amaller cluster has three populations where
Kayastha and Brahmin form a close cluster
and Meitei iz distinetly related. The Manipur
populations Naga, Hmar, and Kuli form
another close cluster and Gam, a West
Bengal Mongoloid population, iz distinetly
related. The bootstrap values indicate the
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TABLE 3. Average heterozygosity for 12 8TR loci (nine Profiler plus and three monplex STR loci), six coding
(HLINGA, PM loci) and four VNTR loci in three West Bengal and five Manipur populationsz

West Bengal Manipur
Locus Kayastha Brahmin Garo  Meitei Naga Kuki Hmar  MMuslim
M 114 A1 -1} 1wz T8 66 (1] 66 Ciap
12 STR Loci
D351355 L6485 0.700 0.631 0.771 0584 1.875 10.730 0500 .064H
vWa LESD 0800 0.798 0875 0EET 0834 0.750 0.889 00234
FGA 1.541 0850 L.H26 0896 0.792 .54 0667 0534 00342
DES1179 LINEE ] 0600 674 0.658 0792 0.792 0,792 0667 0.061LH
D21511 {LED) 0650 11.588 0.788 1885 0.775 10.580 0511 00425
D15851 0.700 0680 0.778 0.882 15649 0.895 0.700 0.712 004840
Da3818 0.795 0800 0.783 0.813 0792 0834 .813 1.8849 0.0679
D13sa17 0.700 0655 0.797 0.7549 0.700 0.821 0.781 0.701 0.0a77
D78820 0.725 0.700 0696 10760 DEET 0.7048 0.688 0.778 0.0615
HUM HPRTB .6485 0.700 0631 0.771 0.584 0875 0.730 115040 002848
HUM F13B .E50 0800 0.798 0875 0EET 0.834 0.750 0.8549 006564
HUM LPL .541 08560 1LH26 11.8596 0792 .54 0.667 1.834 0.0530
Average 0.711 655 0.760 0.813 0.732 0.777 0.721 10.760 0.0508
=E 0022 0026 0023 0020 nnza 0.034 0.018 L0400 00044
HLADGAL 0,533 0843 0.713 0.784 0560 0.760 0633 0.778 00400
LDLR 0447 04480 0425 0480 0.4360 0416 10.:333 0.500 00224
GYPA 0678 05249 .36 0.411 0380 0.416 0.4:33 0.6566 00234
HBGG 0.508 0490 .51 0480 0480 0458 0,600 0500 00078
D7ss 0.508 0504 0,375 0441 0.360 0458 0.4:33 0.665 0.0134
GC 0.7148 0.764 0612 0,705 0E80 0. 708 633 0.355 00263
Average 0.588 a4 0.4497 0550 0466 0.534 0.510 0,564 00221
SE L0 0064 00567 0.063 0054 0.062 0052 0.066 0045
Four VNTR Loci
D157 L850 0845 0.931 .88 LIB:D E.] 0917 1.913 0.907 002345
D4s134 0.827 08497 0.4902 04910 0897 0.580 0,906 0.6885 0.0:308
D5S110 11548 0891 1.936 04916 1.896 04927 .84 0.915 0.0:304
D1787%4 0.731 0685 0.830 0.796 0.833 0815 1.528 0.795 00374
Average 0.582 .8554 0,599 0876 0586 0.887 0.897 0825 003045
=E 0052 0067 0024 0027 0018 0025 0024 0054 00028

TABLE 4. Estimates of average heterozygosity and Ger based on 12 TR Loci, 18 DNA loci ¢ 12 STRz and zix codons)
and 22 DNA loci {12 8T Rz, zix coding and four VWTRz) in Weat Bengnl and Manipur populations

12 STR. DN A loci* 18 DNA Loci** 23 DNA loci***

Population and Ger Ave Htz. SE Ave, Htz. SE Ave, Hiz. SE

1. Kayastha 0.7987 00147 0.7183 003445 0.72849 .0583
4, Brahmin 0.7934 00164 0.7154 00347 0.7177 0056145
3. Naga 0.7322 00422 0.6573 00421 0.72749 00836
4. Kuki 0. 7808 0.0336 0.E943 00404 0. 7684 007445
5. Hmar 0. 7684 0.0382 0.68861 00420 06958 00874
6. Garo 0. 7640 0.0301 06830 0.0403 073894 0.0742
7. Meitei 0.7851 00264 0.7017 0.03046 0.7114 00784
8. M.Muslim 0.7302 00326 0.6600 0.0364 0.7204 00553
Average Gz 00605 00044 LLRNE a3 00046 0.03h2 L00ES

Ave. Hie: Average Heterozygosity, SE: Standard Errar.

*12 STH: Nine Frofiler Plus and thres manoplex STH.

**12 BTH and six eodons—HLINAL and 5 5 coapmplified locl
w12 STR, six codans and fowur VINTE locl

consistency of the clustering pattern. Except STR loci the dendruﬂam shows (Fig. 4a)
for Meitei (38%), the clustering of the other two main clusters. The least differentiated
populations is more consistent, as they show  populations are Naga and Hmar, followed by
higher bootstrap values In the case of 12 Garo and Kuki, which form one main sub-
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TABLE 5. Genetic digtance (D ) bazged on 12 8TR loci {upper dingonal) and bazed on 18 DNA loci (9 profiler +35TR
+ 6 HLDQAL) ilower dingonal) between three West Bengal and five Manipur populations

1 2 d

1. Kayastha 0.0083 0.1824
2. Brahmin 0.0062 0.1851
3. Garo 0.1325 0.13446

4. Metei 0.1235 0.1247 00802
5. Naga 0.1121 0.1134 0.0165
6. Kuki 0.1134 0.11045 0.0556
7. Hmar 0.0810 00741 0.1078
8. M.Mualim 0.1305 0.1326 0.1611

4 ] Li] 7 .
0. 1646 0.1530 0.1605 0.1144 0.1848
0.16:34 0.1549 0.1547 0.104a7 0.1878
0.0843 0.0230 0.0852 0.1574 0.2351
0.0261 0.1124 0.1483 0.2273
0.0197 0.0787 0.1310 0.2129
0.0791 0.05:35 0.1215 0.2148
0.1047 0.0801 0.0817 0.1347
10,1580 0.14580 0.1475 008941

cluster. The Meitei stands apart from the
four neighboring populations. The second
cluster includes Kayastha and Brahmin
from West Bengal, which form a separate
cluster distinetly apart from the four
Manipur populations. The Muslim popula-
tion is distinet from all the populations and
i3 separate from the others.

DISCUSSION

The results of the present study based on
three classes of DNA polymorphism support
the other studies based on classical genetic
markers, especially that Caucasoid-affiliated
populations (Brahmin, Kayastha, ete) are
distinet from the Mongoloid population.

Further, the Mongoleid-affiliated popula-
tions of West Benpal depict close affinity
with those in the northeast region
iRovchoudhury, 1992). Allele frequencies
indicate distinet differences between popu-
lations, possibly suggesting the influence
of population structure variables, especially
admixture and migration. The Mongoloid-
affiliated population Garo in West Bengal,
in peneral, displays intermediary frequen-
dez in zome of the alleles of STR loci. One
of the interesting aspects of the results con-
cerns the Muslim population in Manipur.
Unfortunately, there iz little information
ahout the history or origin of the population.
The fieldwork enquiry suggests that they are
a migrant group from a nearby region of

Maga
™
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4
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_'|1

Lo

Meizci

Favastha

[on

" Brekmin
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Fig. 4. Genetic affinities between eight populations from West Bengal and Manipur regions hased 125TEloci (a),six
coding (HLIMNA]L and five coapmplified) loci (b), and four VNTE loci {e) by Dy, distance and UPGMA dustering methods.
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Assam in the past. Their physical features
are different from the local Mongoloid ethnie
features. They have remained as a distinet
ethnic group and maintained their cultural
norms and marriage regulations, possibly
with the least admixture. This possibly

b Muslim

Cionlined.

accounts for zome of the allelic differences
observed in the study. STR loci reveal some
distinet features of Manipur Muslim, possi-
bly suggesting that they are genetically dif-
ferent from other local populations. The
striking features are: the least frequency
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Fig. 5. Genetic affinities between eight populations from West Bengal and Manipur regions hased on 18 DN A
markers (nine Profile Plus STR and three STR and six HLDGAL and five coapmplified loci) by Dy, distance and

UPGMA clustering methods.

(0.028) of allele 16 and absence of allele 15 at
HPRTB locus and the lowest frequency
(0.111) for allele 10 at F13B locus. Similar
results have also been found by other studies
in different ethnic populations in other
regions of the continent. Bamshad et al
(1996) investipated the influence of popula-
tion structure on genetic variation among
four castes and inferred that the effects of
gocial structure on mtDNA variation are
much greater than those based on traditional
markers. Balakrishnan et al. (1996) investi-
gated the affinities of the Iyver, a Brahmin
population of Tamil Nadu, based on HLA hap-
lotypes and found that they differ from other
Brahmin populations and possibly that their
ancestors migrated from Central Asia or the
Furasian steppes. Papiha et al. (1996) found
that the Ggp values based on VNTR loci are
within the range found for classical markers
studied from different populations of the
Indian subcontinent. Mukherjee et al
(1999), studying the variation on four 8TR
loci among eight population groups, indicated
that geographic proximity has a greater influ-
ence %M%'SE]L;L“]:]EUI‘EI a.}fr.'ﬁn.ity.gr

The dendrograms bazed on STR and VNTR
loci for the studied eight populations demon-
atrate similar pattern of dustering: Caucasoid
and Mongoloid groups are distinetly apart

from each other, thus validating the useful-
ness of polymorphic lod for investigating the
genetic affinities of regional populations. The
NJ-tree, Manipur Muslim constitutes a sepa-
rate group from the two subclusters. VNTR
and STR sequences are extremely poly-
morphic and distributed in nonexpressed
regions and show high mutation rates. As
auch, these two classes of lod are expected to
show better resolution of genetic affinities
and origin of the closely related regional and
continental ulations. However, the clus-
tering pattern based on 125TR and six coding
loci (Fig. 4b) differs from the chistering
obtained by the VNTR (Fig. 4c). Higher boot-
strap values (92% in the case of Profiler Plus)
sugpest that the cluster is consistent, and
thus it differs from VN'TR and STR clustering
patterns. The results of the clustering pat-
terns sugpest the importance of selecting dif-
ferent sets of DNA polymorphizsm for
consistency and validation of the genetic affi-
nities between populations. This also sug-
pesta that the expressed and nonexpressed
regions might reflect different micro-evolu-
tionary aspects. Coding penes HLDEAL and
other 5-coapmplified loci with low mutation
rates, but with greater stahility and selection
pressures, might indicate the influence of
population  wvariables when compared to
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VNTR and STR loci. However, the clistering
pattern based on combined 12 STR loci and
18 DNA loci (combined STR and coding
loci) provide similar clustering. This could be
due the preponderance of STR and VNTR
loci pozsibly masking the influence of thosze
in the expressed region. The clustering pat-
tern based on STR and VNTR loci corres-
ponds with the gﬂo%r hic distribution of
the Manipur Mongo clﬁ‘ populations. Garo
MMuslim population do not follow the geo-
graphic regional contiguity but concur with
the historical, cultural, and linguistic affilia-
tion. In another recent study based on a dif-
ferent zet of STR loci among eight regional
populations from a wider geographic region
that inchide Onssa, Uttara Pradesh, and
Weat Bengal sugpested poor affinity with
sociocultural proximity (Mukherjee et al,
1999). The variance in results for different
classes of polymorphic DNA loci indeed could
be due to several reasons; for example, the
nature of populations studied, and the nature
of population structure, especially the influ-
ence of gene flow. The selection, type, and
number of STR (or VNTR) loci considered
for the study is important in this regard.
Although it 15 expected that the findings of
the study may not differ much on 8TR loci
selected, it might differ with the class or type
of loci selected, in the expressed and nonesx-
pressed region.

Although there are some reports on STR and
VNTR loa diversity in other parts of the world
iDeka et al, 1995) and also among Indian
populations, they were based on different sets
of loci (for example, Balakrishnan et al., 1996;
Mukherjee et al., 1999). Our results display
higher levels of averape heterozygosity for the
two Caucasoid populations (73%) than the
Mongoloid pupuﬂjtklns. Higher levels of het-
erozygosity for different sets of DNA poly-
morphic data in the Caucasoid population was
alzorecently reported (for example, Martinovie
et al, 1999). But the ohserved heterozygosity
levels (53-66%) forthe studied DNA loci for the
Mongoloid samples of the present study are
gimilar to the values reported for Cambodian
(69.4) and Filipino (68.6%) at nine autosomal
microsatellite loci (Parra et al., 1999). But the
values obzerved in our study are below the
e values for other Mongoloid la-
EM{J[' example, E‘ubins{mget al.P?FQuBG}
reported an average heterozygosity of 76.3%
ibased on three STR lod) for immigrant
Vietnamese and Hongkong Chinese in
Australia. Although the heterozyvpous levels

V.K. KASHYAP ET AL.

differ with respect to the type of loci used for
the study, it also reflects the influence of popu-
lation structure variables, especially marriape
pattern and migration, which need to be inves-
tigated to understand the genetic diversity of
the populations. The coeffident of pene differ-
entiation Ggp, which i8 a measure of the rela-
tive magnitude of a genetic contribution that
can be attributed to subdivision, differs
between the types of DNA marker. The aver-
age Ggr coefficient for the STR lociis 5.3% for
the studied populations, and for the combined
18 (STR and coding lod) and 22 lod it is sbout
4% Owerall, the estimated G values of the
study are similar to other studied populations
of other Indian and global populations. The
genetic differentiation for different sets of
DNA lod was found consistent with classical
markers (Das et al., 1987; Deka et al, 1988;
Robinson et al., 1996; Das et al, 1996, ete.),
although the Ggr estimated values in the
present study were lower that other such
studies on Mongoloid populations.

The available historical records sugpest
that different Mongoloid populations, espe-
cidlly in Manipur and other nearby states in
the northeast region, are believed to be
migrants from Myanmar (Burma) and
adopted different lifestyles in their pursuit of
survival in their adopted region in the recent
past. Recent studies based on STR loci also
exhibit clustering of northeastern populations
with Chinese and other neighboring
Mongoloid populations (Reddy et al., 2001}
and form a separate cluster in comparison
with other Indian populations (Dutta and
Kashyap, 2001a, 2001b). The genetic similar-
ity possibly sugpests a common genetic affi-
nity and the least genetic differentiation
irrespective of cultural differences among
them, but show distinct differences with the
Caucaszoid populations of the region.
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