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ABSTRACT  We critically examined the gene frequency data for 11 genetic markers commonly
available in the literature for 22 populations of northeastern India in the light of their geographic,
linguistic, and ethnic affiliations. The markers investigated were three blood groups (A, A:BO, MNS,
and Bh), four serum proteins (KM, Ge, Hp, and Tf), and four enzyme systems (AP, AK, EsD, and
Hhb). The neighbor-joining tree and multidimensional scaling of the distance matrix suggest rela-
tively high genetic differentiation among the Mongoloid groups, with probably diverse origins when
compared to the Caucascid Indo-European populations, which had probably come from relatively
maore homogeneous backgrounds. Broadly speaking, the pattern of population affinities conforms to
the ethno-historic, inguistic, and geographic backgrounds. An interesting and important feature
that emerges from this analysis is the reflection of the effect of the sociological process of a Tribe-
Caste continuum on genetic structure. While on one end we have the chister of Caucasoid caste
populations, the other end consists of Mongoloid tribal groups. In between are the populations which
were originally tribes but now have become semi-Hinduized caste groups, viz., Rajbanshi, Chutiya,
and Ahom. These groups have currently assumed caste status and speak Indo- European lanpuages.
Therefore, one may infer that what appears to be a purely sociological phenomenon of a Tribe-Caste

continuum may well reflect in their genetic structure. Am. J. Hum. Biol. 16:334-345, 2004.

The northeastern part of India is inhabited
by numerous endogamous tribes and castes
that have their own distinet social, lin puistic,
and biological identity. It has been hypothe-
gized that a plethora of migrations, particu-
larly through the northeast Indian corridor,
has contributed to the present-day population
of northeastern India. Ethnically speaking,
most of the tribal groups are Mongoloids,
whereas caste groups are either Caucasoids
or show a mosaic of features of both the eth-
nic groups. The Mongolbids/Indo-Mongoloids
have come to India from different directions
at different times and perhaps earlier than
the Caucascids (Das et al, 1987). While the
Mongoloids have migrated from eastern,
southeastern (Rapson, 1955; Dani, 1960), and
central Asian regions, the Caucasoids may
have entered from western and northern
boundaries of this region. While a majority
of the Mongoloids are tribes affiliated with
the Tibeto-Chinese linguistic family, except-
ing Khasi, most of the Caucasoids are caste
ﬁuups and speak Indo-European languages.

though these proups have been broadly
classified on the basis of language and

ethnicity, they show considerable variations
within these broad categories. Both the
Mongoloid and Caucasoid groups show a cer-
tain degree of differentiation within them-
selves in cultural and biological traits such as
anthropometry, genetic markers, and derma-
toglyphics (Das, 1971, 1973, 1979; Phookan,
1974; Das and Das, 1981; Roychoudhury,
1992; Bhasin and Walter, 2001). Further, the
Caucasold and Mongoloid populations have
cohabited for a long time and presumably
there was pene flow between them, as iz
evident from the condusions drawn in many
studies (Das, 1977; Das et al., 1980ab).

A number of studies using traditional
genetic markers (Bhasin et al, 1986; Singh
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et al, 1986; Deka et al, 1988; Mukherjee
et al, 1989; Roychoudhury, 1992) and hyper-
variable loci such as VNTRs and STRs
i Reddy et al., 2001a; Dutta et al., 2002, 2003;
Langstieh et al., 2003) have been undertaken
focusing on the variation in a certain group
of populations from different areas in this
region. However, no comprehensive analysis
hased on a matrix of genetic markers that
reflects the nature, extent, and processes of
genetic variation in northeastern India as a
whole has vet been attempted. In the present
article we dizcuss the results of a statistical
analyses of the data on 11 genetic markers—
blood groups, red cell enzyme, and serum
proteins—available in the literature for 22
northeastern populations with reference to
their linguistie, peographic, and ethnohistoric
backpgrounds. Further, a critical evaluation
of the possibility of the effect of sociological
process of the Tribe-Caste continuum on the

Fig. 1.
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genetic structure of these populations will be
made.

MATERIALS AND METHODS

Figure 1 shows the map of northeastern
India along with the distribution of the stud-
ied populations. A survey of the literature
suggests that the gene frequency data were
available for a maximum of 11 loci only for
the 22 populations from this region. Although
data on some of these loci were available for a
couple more populations, we had to restrict
our study to these 22 populations in order to
maximize the number of loci. The studied lod
included three blood groups (A; A,BO, MNS,
and Rh), four serum proteins (KM, Ge, Hp,
and Tf), and four enzyme systems (AP, AK,
EsD, and Hb). For the sake of brevity, we
are not presenting allele frequency data for
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Map of northesstern India showing geographic distribution and the names of populations analyzed.
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these loci (the data can be supplied upon
request).

Both intra- and interproup analyses were
performed using the gene diversity measure
of Nei (1987). Based on these 11 lod, average
heterozygosity, Ger, and pair-wise genetic dis-
tances using the modified Cavalli-Sforza dis-
tance (Dy) of Nei et al. (1983) were computed
using the program Dispan (Ota, 1993). Al-
th{mih ﬂu:]: genetic d.il:tllmbe measure is not
linear with evolutionary times, it is observed
to be most efficient for obtaining correct phy-
logenetic trees under various evolutionary
conditions and iz least affected by amall sam-
ple size (Takezaki and Nei, 1996). To assess
the strenpth of support of data, a total of 1,000
hootstrap replication were performed and sub-
sequently a neighbor-joining (NJ) tree (Saitou
and Nei, 1987) was drawn using Mega v. 2.1
(Kumar et al., 2001) software in addition to a
multidimensional zcaling of the distance
matrices (using SPSS software, Chicapo, 1L).
Further, we computed the Mantel correlation
between the geographic and genetic distance
matrices using MANTEL v. 31 software
iRelethford, 2003). The Harpending and
Ward (1982) model was applied to under-
stand the patterns of gene flow.

Population backgrounds

The name, ethnic status, and linpguistic
affiliation of the studied populations are given
in Tahle 1. While 10 populations each from
Azsam and Sikkim were taken into consider-
ation, the remaining two are from Manipur.
Eight communities out of the 22 are affiliated
with the Ind o-European linguistic family, while
the remaining groups speak Tibeto-Chinese
lan . The Indo-European groups com-
pris%lﬁl%s.ﬁmhmins, Ka]jtu,m, ﬁuslim,
and Rajbanshi of Assam, Brahmin, and Chetri
of Sikkim and Brahmin of Manipur. The mig-
rations of Indo-Furopean-speaking people to
this region started from protohistoric period
iMajpmdar, 1980) and continued. The Kalitas,
who daim to be Rajputs or Kshatrivas, were
probably one of the earliest to arrive in this
region. The Brahmins are the priestly dass,
which occupies the highest position in the
caste hierarchy and by 15th century AD the
Brahmin: almost reached the easternmost
fringes of this region and settled in Manipur
iSingh, 1963). These early settlers married
Meitei women (Mongoloid group) and as acon-
sequence the Brahmins of Manipur reveal
hoth Caucasoid and Mongoloid morphological
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features (Chakraverti and Mukherjee, 1963;
Singh and Malhotra, 1970, 1971). While
Chatterjee (1950) considers Meiteis a part of
the Kuli-Chin (a lnpuistic branch of the
Assam-Burmese family) group of immigrants
from Burma, Pemberton (1835) deseribesthem
as the descendants of a colony of Tartar immi-
grantz from northwest China during the 13th
and 14th centuries ap. The Brahminz of
Sikkim, unlike the Brahmins of Assam and
Manipur, have recently migrated (around the
19th century) from Nepal, along with many
other groups of Nepal.

The State of Sikkim was peopled at differ-
ent points in time. Lepcha, a Mongoloid
group, is considered to be the aboriginal popu-
lation of this state. When and how they came
to Sikkim is not known. Bhutia iz another
group that came to this region quite early
(~ 700 years ago) from Tibet. The Sherpas
of Sikkim migrated to thizs region about
250 wears ago from Tibet through Nepal
iR. Gupta, pers. commun. ) and represent an
offshoot of the larger Tibetan population. The
remaining populations from Sikkim con-
sidered in our study migrated recently (19th
century) from Nepal. Except for the Newars,
the ethnic status of these populations is well
established. From the historical and trad-
itional standpoint, they are considered to be
a conglomeration of many ethnie groups of
India that have intermingled with a par-
ticular , probably the Nayar of south
India | epa]l:.‘i, 1965), thus resulting in the
present-day  Newars. The non-Brahmin
Indo-European populations of Assam are
Kaibarta, Muslims, and Rajbanshi. The
Muszlims came to Assam from the 13th cen-
tury to the 16th century as part of several
Muslim invasions and are scattered through-
out the state. The Kaibartas are the lower
caste of Aszam and their settlements are on
the riverbanks or near sources of water. The
Rajbanshi are an interesting population.
While Waddel ( 1975) considers them a hetero-

eneous Mongoloid population, Risley (1915)
igdenti.ﬁes theﬁ as Egh]::.riya, an upepairsr-f_:aste
Hindu population. According to Dalton
(1872), they belong to the Dravidian stock
that came in contact with the Mongoloids of
Assam. Das (1981) conziders them a conglo-
meration of various tribes that were converted
into Hindus and in the process became
admixed with certain caste groups.

The Tibeto-Chinese groups of Assam are
the Ahom, Karbi, Kachari, and Sonowal. The
Ahoms are said to be of Thai origin and
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TABLE 1. Ethnic gatuz and linguistic affiliationz of the 22 investigated populations®

SL Mame of Sample Ares of
no. population size (range) sampling

1 Brahmin®* 106-72 Assam

2 Kaibarts™" 102-52 Assam

a Kalita®* 105-57 Assam

4 Muslim*™* 113-34 Assam

I Rauhanal-u*" 105-30 Assam

[ Ahom*™ 12382 Assam

7 Chutia*™ f4—42 Aszam

8 Kachari* 113-58 Assam

a Karhi* 111-60 Assam
10 Sonowal” 107464 Assam
11 Brahmin 1M-62 Manipur
12 Meiteis 1H4-74 Manipur
143 Brahmin® M-25 Sikkim
14 Chetri® 7040 Sikkim
15 N ewar® 36-33 Siklim
16 Bhutias® 138-120 Siklim
17 Gurungs” 39-36 Sikkim
14 Lepchas® 9581 Sikkim
14 Rais" 44-38 Sikkim
20 Sherpas” 45-18 Sikkim
a1 Subha® H2-39 Sikkim
a2 Tamang” 38-31 Sikkim

Ethnic
status Linguistic affilistion
Cancsasoid Indo-European
Caucasoid Indo-European
Caucasoid Indo-European
Cancasoid Indo-European
Mixed Indo-European
Maongoloid Originally Tibeto-Chinese
[Siamese-Chinese, Tai),
currently Indo-European
Maongoloid Originally Tibeto-Chinese
[Tibeto-Burman,
Aszzam-Burmese),
currently Indo-European
Maongoloid Tibeto-Chinese (Tibeto-Burman,
Azsam-Burmess)
Maongoloid Tibeto-Chinese (Tibeto-Burman,
Azgam-Burmess)
Mongoloid Tibeto-Chinese [ Tibeto-Burman,
Azsam-Burmess)
Cancasoid Indo-European
Mongoloid Tibeto-Chinese [ Tibeto-Burman,
Aszsam-Burmese)
Cancsasoid Indo-European
Caucasoid Indo-European
Mixed Tibeto-Chinese (Tibeto-Burman,
Tibeto-Himalayan)
Maongoloid Tibeto-Chinese (Tibeto-Burman,
Tibeto-Himalayan)
Maongoloid Tibeto-Chinese (Tibeto-Burman,
Tibeto-Himalayan)
Mongoloid Tibeto-Chinese [ Tibeto-Burman,
Tibeto-Himalayan)
Mongoloid Tibeto-Chinese [ Tibeto-Burman,
Tibeto-Himalayan )
Maongoloid Tibeto-Chinese (Tibeto-Burman,
Tibeto-Himalayan)
Maongoloid Tibeto-Chinese (Tibeto-Burman,
Tibeto-Himalayan)
Mongoloid Tibeto-Chinese [ Tibeto-Burman,
Tibeto-Himalayan)

“Walter ol al., 1986,
“has et al, 1987,

“Deka et al., 1988,
IMukherje ot al, 1984,
“Bluazin et al, 1986,
"Hingh et al., 1984,

*The primary soures lor Vhese data was Bhasin el al, 1992, although they are verified Trom the origim] sources as quotesd.

migrated around 1200 ap through the Shan
atate of Upper Burma (Majumdar, 1980).
Chutia is the tribal group of the upper valley
of Assam and are alleged to be also of Shan
origin. While the Ahom has a subdivision
called “Chutia,” the Chutia have a section
known as “Ahom.” The Kachari belong to the
Bodo linguistic group, which probably came
from China (Thanhlira, 1969) and are pre-
sently found in Lower Assam. The Sonowal is
a division of a Kachari tribe but inhabits upper
Aszgam, unlike the latter. The Karbi iz ethni-
cally Mungul{ud and linguistically placed in
the Tibeto- Burman subfamily.

RESULTS

Genetic diversity among the northeastern
Indian populations

The measures of penetic diversity within
and between the populations (Hy, Hg, and
Gap) were E.Btll]‘lﬂ'tﬂ'ﬁ‘ using the method of
Neid (1987). Ggr is a ratio of the extent of gene
differentiation among populations (Dgy) to the
extent of the total genetic variation in the
entire population (Hy), while Hg i3 8 measure
of the total intrapopulation heteroz Luuty
We computed average heterozygosity a
standard errors for each of the pupulatmns
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TABLE 2. Average heterozvgosity and itz standard
errar bazsed 10 on loct for 22 populations

Mame of Average Standard
population heterozy gosity error
Brahmin (Manipur) 0.4563 0.0507
Meitei 04617 00463
Brahmin (Assam) 04081 .07
Kalita 04224 0.0542
Kaibarta 0.4076 005637
Muslim (Asaam)] 04145 00548
Ahom 041893 00573
Karhi 0.4236 0.0536
Eachari 034986 005149
Sonowal 04187 00483
Chutia 040249 00623
Rajhanshi 04005 00554
Lepcha 0.3807 005445
Bhutia L4066 00617
Sherpa 04337 00681
Tamang 0.4237 0.0454
Brahmin (Sikkim) 041561 00588
Chetri 04423 005683
Mewar 045845 00574
Rais 040745 00535
Subha 03622 00578
Gurung 04313 00517

and for different categories of populations
baszed on 11 loci. The Ger value for the hemo-
globin (Hb) locus is observed to be extremely
high (0.2585) when all the 22 populations are
considered, which suppests that this is an
influential marker that may override or
mask the effect of the remaining 10 loei;
hence, the overall analysis may depict a
picture which is overwhelmingly structured
on the hasis of allele frequencies of Hh.
Therefore, we repeated all the analysis
using 10 loei. The population-specific average
heterozygosity values are piven in Tahle 2.
The ranges and averages for different cate-
gories of populations are furnished in Tahle
3. The values of average heterozygosity, hence
Hs, 15 observed to be almost the same for all
the categories, although the range seems to be
relatively wider for Tibeto-Himalayan proups
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when compared to the Assam-Burmese or
Indo-European. The Ggp values, locus-wise
as well as averages for different categories of
populations, based on 10 loci are furnished
in Table 4. The Ggr value iz highest for the
Ge locus (0.0517) and least at the AP
locus (0.0144). While the average Ggr value
iz 0.0303 when all 22 populations are con-
sidered, it is lowest for the Assam-Burmese
group (0.0155) compared to the Tibeto-
Himalayan (0.0260) and Indo-European
(0.0211) groups. It iz interesting to note that
the Ggr wvalue increases only marginally
(0.0269) when the Assam-Burmese groups
are pooled with the Tibeto-Himalayan groups,
thus forming a Tibeto-Chinese linpuistic
category. Since all of them are ethnically
Mongoloid, this may sugpest that the genetic
heterogeneity among the Tibeto-Himalayan
groups probably represents the overall gen-
etic variation of the Tibeto-Chinese groups
present in India.

The averape Ggr value of our study is found
to be higher than 8 of the 10 values obtained
for regional populations of India (Table 5). It
i3, however, pertinent to note that these Gap
values are not strictly comparable, as the dif-
ferent studies were neither based on a uni-
form set of markers nor represented by the
similar number of the populations. Newver-
theless, we note that at least one of the two
Ggr values (Chakraborty et al., 1977) that are
higher than the present one iz primarily
because of the inclusion of certain influential
markers such as Hb, LDH, and Cp. This situ-
ation was also reflected in our study when we
considered the Hb locus for computing Ger.
Further, the average Ggr value from various
studies in India using traditional penetic mar-
kers turns out to be less than 1.5% (Reddy
et al., 2001b). Therefore, the Ggp value ob-
tained for the northeastern populations in
general (3%) and particularly for the Tibeto-
Chinese groups (2.79%) can be considered as

TABLE 3. Range and the average values of heterozvgosity for different
groups of populations

Giroups of Mo, of
popu lations populations
All groups a2
Indo-European® .
Tiheto-Chinese* * 14
Tibeto-Himalayan 5
Assam-Burmese i

Average
Range heterozy goaity
0.3622-0.4617 04104
0400504563 041448
0. 3622-0.4617 04086
0.3622-0.4585 04086
0.3836-0.4617 04152

*All Caveasaid groups and Rajbanshi.
Al Mangoloid groups and Newar.
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TABLE 4. Locus-wize and average gene diversity (Ger) values among different calegories

Laocus All groups (22)  Indo-European (81 Tibeto-Chinese (14)  Tibeto-Himalayan (8] Assam-Burmese (5)
AA:BO 0.0166 0.0162 00130 00121 0.0083
MNS 00234 0.0182 00173 00165 00067
Eh 004046 0.0:324 00380 004 00231
[ 00517 00326 00461 00604 0217
Hp 00161 0.0104 0019 0029 0.0036
Tt 004745 00357 004378 00185 00204
AP 0.0144 A 00172 00244 0.0034%
AK 00256 00044 0077 00337 002046
EsD 00161 0.008G 00184 00114 00154
EM 0.05616 00313 00248 00064 00351
Average 0.0303 00211 00264 00260 001545
*Mumbers in parentheses ave the mumber of populations in each category.
TABLE 5. GerFer values of different studies from different regionz of India
Mo, of No. of
Region populations loei GapFar References
Northern India (Himachal Pradesh) 11 20 0.013 Papiha et al, 1996
Northern India (Himachal Pradesh) b 24 0.013 Papiha et al, 1984
Maorthern India [ 18 0.011 Roychoudhury, 1974
Maorthwest India 14 11 0.013 Papiha et al, 1952
Western India 4 10 0.012 Roychoudhury, 1974
Western India (Maharshtra) 21 11 0.044 Chalraborty et al, 1977
Maortheentral India (Uttar Pradesh) [ 24 0.008 Lanchbury et al., 1996
Central India 16 12 0.016 Dias et al., 1996
Eastern India (West Bengal) 10 12 0.024 Chalkraborty et al, 1986
7 0041

Southern India 4

sugpesting relatively high differentiation of
the Mongoloid groups.

Genetic affinities

Although we have drawn both the NJ and
the UPGMA trees based on Nei's Dy, distance
matrix, we present here only the NJ dendro-
gram (Fig. 2), as both of them reflect a similar
pattern of population relationships. Further,
the bootstrap values of the NoJ tree are rela-
tively much higher, providing greater con-
fidence for the pattern of relationships
depicted. The Gaddi-Brahmins, a non-north-
eastern  tribal lation from Himachal
Pradesh, were IB];?;JS an outgroup for rooting
the tree. Broadly speaking, this tree depicts
two major clusters, the first consisting of
seven Caucasoid populations from Sikkim
and Assam, induding the outgroup. The szec-
ond cluster consists of 13 populations that are
all Mongoloids, excepting the Brahmins of
Manipur and Newars of Sikkim. Within this
second cluster, two broad subelusters can be
discerned, one formed by the Mongoloid groups
of Assam (Karbi, Kachard, and Sonowal)

Sirgjuddin et al., 1934

affiliated with the Assam-Burmese linguistic
group, and the other by the Brahmins and
Meiteis of Manipur and Newars of Sikkim.
The clustering of Brahmins of Manipur
with the Meiteiz (both of them are caste
populations) is not surprising, as there has
been considerable admixture between them
iChakraverti and Mukherjee, 1963; Singh
and Malhotra, 1970, 1971). However, the
subelustering of Newar with the groups of
Manipur iz intripuing. Although the ethnic
status of Newars is mixed and is geograph-
ically far apart from the Manipuri groups, it
is considered to be a caste population, as are
the two groups from Manipur. The rest of
the populations within this cluster is the
Mongoloids from Sikkim. The position of
Chutia, Ahom, and Rajbanshis is ambiguous
in the tree, which, as explained above, iz
conzistent with their current sociocultural
status. Overall, the pattern of genetic rela-
tionships iz consistent with the ethnic and
linguistic affiliations of the populations, and
to an extent alzo reflects congruence with
the geographic division of the constituent
groups within an ethnie group.
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Fig. 2. MNeighbor-joining tree constructed on Nei's Dy, distance matrix based on 10 genetic markers among the 22
populations. Br, Brahmin; Mus, Muslim. {Souree for Br-Gaddi: Chahal etal., 1952; Singh et al, 1982; Papiha et al., 1953).

Multidimensional scaling

The limitationz inherent in the dendro-
gram resulting from the imposition of bifur-
cation topology can be partially overcome by
using multidimensional sealing (MDS) for
depicting relationships among populations
hased on frequency or distance data. Al-
though MDS tends to generate conclusions
similar to those obtained by the tree, they are
likely to be more faithful descriptors of the
data than the trees when there iz considerable
genetic exchange between close geographic
neighbors (Cavalli-Sforza et al., 1994). In
Figure 3, we present a two-dimensional plot
of populations based on multidimensional
sw.{* ing of Nei's D, distance matrix. The two
dimenszions account for 87% of the total vari-
ation, with the stress value of 16% suppesting
a reasonable fit. Broadly speaking, three
major constellations of populations can be

discerned. The first comprises all the popu-
lations of Sikkim, except Brahmin and Cherti.
They are differentiated from all other popu-
lations, basically on the second axis. Within
thiz there are two subclusters, one formed
by Bhutias, Lepchas, Rais, and Subba,
and the second by Newars, Sherpas, and
Gurungs. The Chetri of Sikkim and
Brahmins, Kalibarta, Kalita, and Mushim of
Assam form a second cluster; these popula-
tions not only share the same linguistic
family but also have the same Caucasoid
ethnic affiliation. However, the Brahmins
of Sikkim are placed as outliers. The loose
conglomeration of Brahmins of Manipur,
Meiteis, Sonowal, Kachari, and Karbi forms
the third cluster. Within thiz the Kachari
and the Karbi are depicted as outliers.
Although the Kachari and Sonowal are two

divizions of the same tribe, they are not close
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Fig. 3. Plot of 22 populations on the first two dimensions derived from the multidimensional scaling of

Mei's Dy, distance matrix.

to each other in the multidimensional space.
This may in part be due to their geographic
izolation, which might have lead to genetic
izolation between them (Das et al.,, 1987
The unexpected position of the Karbis reflects
their peculiar linguistic status. According to
some, the Karbi language shows a mosaie of
Austro-Agiatic and Tibeto-Burman lan-
guapes, while others are of the opinion that
it shares similarity with the Naga and Bodo
dialects, which belong to the Tibeto-Burman
family. In fact, Das et al. (1980a) in their
study found the Karbis to be significantly dif-
ferent from the members of the Bodo group to
which the Kachari and Sonowal belong. The
Chutia, Ahom, and Rajbanshis constitute a
separate and compact cluster positioned in
the center of MDS plot, while a constellation
of caste populations, viz., Brahmin and Chetri
of Sikkim, Kalita, Kaibatra, and Brahmin of
Assam, iz on one side and tribal groups of
Assam (Sonowal, Karbi, and Kachari) and
Sikkim (Tamang, Gurung, Bhutia, Rais,
Subba, and Lepcha) are on the other.

To test the con nce between aphic
and genetic d.lstangrueu.:, the Mantel ﬁghﬂun
was obtained between the genetic and geo-
graphic distance (Great Circle distances)
matrices. The Mantel correlation was observed
to be very low and statistically not different

from zero (0.0076;, P = 0.5060), although in
the NJ tree and in the MDS plot we find that
there i3 a tendency for populations of a parti-
cular region to cluster together. This can be
explained by the fact that there iz considerable
ethnic heterogeneity within a peographic region
and this heterogeneity is simzli‘taneuusly
reflected in the way the population clusters
are formed. Furthermore, the populations are
not distributed in a continuum, but make four
digjoint peographic dusters (Fig. 1) and
within each of them the geographic hetero-
geneity i3 minimal. A sipnificant Mantel cor-
relation is expected only when the pgenetic
structure of populations is framed as well as
maintained primarily due to isolation by dis-
tance, which is probably not the case in the
present study.

Population structure and pattems of gene flow

To understand the local genetic differenti-
ation and the underlying processes respon-
gible for the present pattern of popula-
tion structure among the %ruups of north-
eastern India, we used the Harpending and
Ward (1982) model, s=omewhat analogous to
the Wright's island model. According to this
model, given the uniform systematic pressure
igene flow) from outside, the average genetic
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Fig. 4. Regression plot of the average heterozygosity vs. distance of the 22 populations to the centroid.

heterogeneity within a population is nega-
tively correlated with its penetic distance
from the centroid of the gene frequency
array (rii). Higher than average pene flow
into any of the subgroups iz expected to reflect
higher than averape heterozygosity than
predicted by the repression model and lie
ahove the theoretical regression line. Conver-
sely, populations experiencing isolation and
less than average gene flow from outside show
lower values of heterozygosity and lie below
the regression line. A regression plot of aver-
age heterozygosity versus distance of each
of the populations to the centroid is given
in Figure 4, along with the theoretical regres-
gion line. In the regression plot, the Meiteis
and Brahmins of Manipur along with Newar
and Chetri of Sikkim are outliers above the
theoretical regression line. The position of
Brahmins who were migrants from Bengal
and Meitei of Manipur above the regression
line may be a reflection of gene flow between
them, as discussed above. Similarly, the posi-

tion of Newar as an outlier may account for its
ambiguous ethnic position of being a mixed
population. On the other hand, Subba and
Lepchas of Sikkim are extreme outliers below
the regresszion line and are probably affected
by genetic drift due to their isolation. The
remaining populations are placed either on
the line or in cloze proximity.

DISCUSSION

The pattern of clustering of populations as
depicted in the NJ tree as well as in the MDS
plot is consistent with the broad ethnic and
linguistic affiliations of the groups within
which the geographic affinities are subtly
reflected. For example, the Mongoloid popula-
tions of Assam (Aszam-Burmese) and Sikkim
i Tibeto-Himalayan) form two distinet sub-
clusters, albeit within a major chister. How-
ever, the Caucasoid Indo-European groups of
Assam and Sikkim, with a relatively more
homogenous background, tend to form a
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single cluster. This may suppest a diverse ori-
gin and/or conziderable differentiation of the
Mongoloid groups from the two geographic
areas within the northeastern region. These
findings may confirm the hypotheses that
Mongoloids have entered northeastern India
at different points of time by different routes
and therefore might represent different par-
ental stocks. On the other hand, the Caucas-
oid populations, except for the Brahmins and
Chetri of Sikkim, have migrated from the
western route of northeastern India. As far
as the Brahminz and Chetri of Siklkim are
concerned, they came from Northern India
to Nepal and then to northeastern India
around the 19th century.

The most important feature that can be
discerned from the foregoing analysis iz the
possibility that the change in sociocultural
aspects of a group may affect its biological
makeup. Boze (1941), in his study of the
Hindu method of tribal shsorption, ]{33 eluci-
dated that tribes over a period of time assume
the characteristics and status of castes and
this process of transformation of a tribe into
a caste resultz in a Tribe-Caste continuum. A
few such cases he cited are Bhumij, Kharia,
Bauris, and RajGonds. This sociological con-
cept of a Tribe-Caste continuum postulates
that one end of the continuum is formed by
caste populations, while the tribal populations
constitute the other end. In between are the
populations who were once tribes but grad-
ually adopted the attributes of the caste popu-
lation and ultimately became absorbed as an
integral part of a caste system, albeit at the
lowest rung of caste hierarchy. However, they
do maintain a separate group identity and
over a period of time become distinet castes
or Jaties. Risley (1981) discerned four pro-
cesses by which a tribe is converted into a
caste and gradually becomes a distinet caste
group. He described the casze of Rajbanshi,
which claims to be Kshatriya, although a
majority of them are Koch. Similar processes
were reported from other groups such as the
Dimasa (a Kachari group) of Tripura, Jantia
of Jaintipur, and Koch of Cooch Behar (K.
Mukherjee, pers. commun.). The dwindling
of Kachari groups from a large number of
about 30 to 10 at present is said to be a result
of this process. These studies suggest that
the process of a Tribe-Caste continuum has
an affect on the sociclogical dimensions of
the tribe, but the probable hiologieal con-
sequences of this process have not been
explored. Our results sugpest that there are
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strong indications of a biological effect of this

process. The process of assimilation of some of
the tribes in the caste hierarchy is probably
reflected in the broad constellation {JFI];uupula-
tions in the multidimensional plot (Fig 3);
on the one end it is the constellation of
populations subscribing to the caste system,
while the other end of the plot i the constel-
lation of tribal {m 2. In between lie groups
like the Rajbanshi, Chutiya, and Ahom, which
were supposed to have undergone the process
discussed above. For example, the Chutia and
Ahom tribes, which were originally affiliated
with the Tibeto-Chinese linguistic family, are
now semi-Hinduized caste groups spesking
Indo-European lanpuapes. The ethnic status
of Rajbanshi is not dear, and different opin-
ions are advanced regarding this (Dalton,
1872; Risley, 1915; Waddel, 1975; Das et al,
1987). Rajhanshiz are hypothesized to be a
mixture of different tribal proups (Rabhas,
Tiwas, Kachans, Garos, Karbis, ete.) that
were converted to Hinduism and in the pro-
ces2 became admixed with certain Caucasoid
caste populations (Das et al, 1987). The
Ahom and the Ragjbanshi, who were originally
tribal groups, held a dominant position in
terms of economy as well as power. Both of
these groups tried to perpetuate their dom-
ination and obtain social sanction for it by
becoming an upper caste group. In this pro-
cess, they might have tried to emulate the
cultural and social ideclogies of the neighbor-
ing upper caste groups and developed marital
ties with them. The position of the Rajhanshi
and Ahom in the plot is consistent with this
conjecture. It may be pertinent to note that
Daz (1981) suggests that Rajbanshi iz a fit
example of a Tribe-Caste continuum not
only in their sodocultural aspects but also in
their biological makeup. Therefore, one may
infer that what appears to be a purely socio-
logical phenomenon of a Tribe-Caste con-
tinuum may well be reflected in their genetic
structure.
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