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Abstract Genetic polymorphisms for six blood groups, three red cell
enzymes, three serum proteins, and hemoglobin were examined in sixteen
central Indian tribal populations. Nine of the tribes belonged to Orissa,
five to Madhya Pradesh, and two to Maharashtra. Eleven tribes spoke the
Dravidian language, three Indo-Ayran, and two the language of the
Austro-Asiatic families. The population structure of these tribal popula-
tions was analyzed at the inter- and intrastate and linguistic levels, using
data for 13 genetic systems (38 alleles or haplotypes). Nine of the 13 loci
showed significant heterogeneity in the 16 tribes, and the pattern of het-
erogeneity was also discernible in the different states and in the
Dravidian-speaking tribes. As expected, the extent of genetic differenti-
ation or gene diversity was the highest so far reported from central India.
The mean Fs and Hy for each locus in the different state, linguistic, and
total tribal groups were consistently higher than the Fg; and Gg; values,
respectively, showing that the genetic structure of each tribe is highly
influenced by inbreeding. In a genetic affinity analysis by genetic distance
the Indo-Aryan and Austro-Asiatic language groups showed little affinity
with each other, although there was some tendency toward geographic
affinity. The present analysis indicates that, in addition to genetic drift,
gene flow, and selection, the genetic structure of the populations of cen-
tral India is also highly influenced by sociocultural adaptation and
inbreeding.

The central belt of India stretches from the state of West Bengal in the east
to Maharashtra in the west, passing through the states of Orissa, Bihar, and
Madhya Pradesh (Figure 1). From an ethnographic point of view central India
has been the home of many autochthonous tribes living in virtually inacces-
sible hill and forest environments that inhibited gene flow among the tribal
groups, Since early times the aboriginal tribal groups have been living in near
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Figure 1.

isolation and have evolved their own morphogenetic characteristics in their
respective ecological niches.

The qumerical strength of the tribal populations in the states of India is
shown in Figure 1. According to the 1981 census, in the 700 tribal populations
there were approximately 52 million people, constituting 7.81% of the total
population of India. The central region of India accounts for 63% of the entire
tribal popu.lation of the country. Recently, Malhotra and Vasulu (1993) an&-
lyzed the size of 125 tribes of the central regions of India and observed that
half of them are numerically small (size ranging from 1,000 to 25,000)
whereas 22% of them have a population size greater than 100,000.

The tribes are by no means homogeneous in their history, language
culture, or soctal organization. There are tribal groups belonging to each of
the four main linguistic families (Austro-Asiatic, Dravidian, Indo-European



Population Structure of Tribal Populations of Central India / 631

AUSTRO-ASIATIC
INDO - ARY AN  ——
DRAVIDIAN

TIBETO-CHINESE

Figure 2. Geographic distribution of four language families in India.

and Tibeto-Burman); the Austro-Asiatic languages are spoken excluswely by
tribal populations (Figure 2). In fact, in this relatively small central region,
history has brought together numerous tribes belonging to all four. language
families. The Dravidian-speaking tribes of this region can be conmdgre;d the
descendants of the original inhabitants of India, who adopted Dravidian in
preference to their original languages (Fuchs 1973). .

Since the beginning of the twentieth century, sev.eral. emlpent scholars
have provided definitive information on kinship organization, hfestyl.es, po-
litical organization, material culture, religion, and folklore pf the tribes of
central India (Russell and Hiralal 1916; Grigson 1938; Elyvm 1954; Thusu
and Jha 1969; Thusu 1977; Rakshit 1980). In the mid-twentlet}} century stqd-
ies of the biological variation among the tribes of central Ind1a.started w1th
anthropometric and dermatoglyphic analyses (Ray 1958; Rakshit 1962; Tri-
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pathy 1967; Ghosh 1978; Deka ct al. 1991). The studies of genetic variables
are relatively recent.

The earlier studies from the states of Orissa. Madhya Pradesh, and Ma-
harashtra were limited to the distribution of blood groups. Sixteen tribal
groups from Orissa, 20 from Madhya Pradesh. and 10 from Maharashtra have
been studied for ABO blood groups (Sarkar et al. 1960: Das et al. 1962; Negi
and Ahmed 1962; Kumar and Gandhi 1976: Deka 1977 Garg 1978; Mu-
kherjee et al. 1979), and a few have been analyzed for MN and Rh blood
groups (Negi and Ahmed 1962, 1963: Das et al. 1966). In the 1980s a more
detailed analysis of some tribes for a number of serological and biochemical
markers was carried out in Orissa (Reddy et al. 1982: Papiha et al. 1988).
Madhya Pradesh (Papiha et al. 1978), and Maharashtra (Mukherjee et al
1979). Further investigations concentrating on the hemoglobinopathies have
been carried out in several tribal groups from Orissa (Das et al. 1967, Sharma
et al. 1985), Madhya Pradesh (Kumar 1966: Negi 1967), and Maharashtra
(Kate et al. 1978).

Most of the earlier studies were restricted to either a single tribe ora
few genetic markers, and the later studies, using several single-gene systems
on a few tribes of this region, were mainly descriptive rather than analytical
However, in three studies where data on some genetic systems were availabk.
analyses of kinship and genetic differentiation were attempted (Chakraboty
fand Yee 1973; Rao et al. 1992; Mastana and Papiha 1994). Because of the
1pc0nsistency of the genetic data available from this region, systematic and
rigorous analyses of the structure of the tribal groups or of their biologici!
affinities cogld not be carried out. The present investigation aims at a more
ComPfChGHSI\{e analysis of genetic variation and structure and their go-
%;aplll.lc and hn.guistic components (within and between states and language
i milies) covering 1§ tribes from 3 states of central India (Maharashtra, Mad-

ya Pradesh, and Orissa) using 13 genetic loci with 39 alleles.

Plan of Study and Populations

Madhl;;n;rSZZeguled tribes were studied from the state of Orissa, five frgm
e th » and two from Maharashtra. Eleven tribes spoke Dravidiat
angas tr,ibes Srea}s( three tribes spoke languages of the Indo-Aryan famy
anmeg oS n;:io ¢ languages of the Austro-Asiatic family. The study W&
i andng. fthf: naFur_e and extent of genetic variability, the genetc
rel oeograph} o 11 ferentiation among the tribes at both the linguistic Efnd
theycljved Pl Weeve . The name of each tribe, the area (and district) in which
i bty re sgmpled, information regarding their population size and
given in Tabl 1y’ and the number of individuals tested from each tribe &

e 1. A brief description of each tribe is given in what follows.
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Table 1. Distribution of the 16 Investigated Tribal Populations in Orissa, Madhya Pra-
desh, and Maharashtra

Number of
Area of Population in ~ Number of
Sample District Individuals Language
State Collection Population (1971 Census) Studied Family
Orissa Kalahandi Deshia Khond 114,644 110 Dravidian
Raj Gond 123,778 107 Dravidian
Savara 4,148 107 Austro-Asiatic
Koraput Gadaba 46,237 104 Austro-Asiatic
Konda Dora 8,129 95 Dravidian
Kuvi Khond 325,144 100 Dravidian
Paroja 193,736 104 Dravidian
Sambalpur  Binjhal 50,280 104 Indo-European
Kisan 87,792 108 Austro-Asiatic
Madhya Pradesh ~ Bastar Bhatra 71,095 105 Indo-European
Dhurwa 858,654 86 Dravidian
Halba 57,052 97 Indo-European
Maria NA 103 Dravidian
Muria NA 99 Dravidian
Maharashtra Chandrapur  Maria Gond 203,905 116 Dravidian
Raj Gond NA 106 Dravidian

NA, not available.

Orissa.  Binjhal is the name given to one tribe because of its nomadic
nature. This tribe is not widely known in Orissa or in Madhya Pradesh. The
Binjhal speak an Indo-European language with some admixture of the local
Oriya dialect.

The Kisan are an Austro-Asiatic-speaking tribe who occupy the? Chota
Nagpur area (Madhya Pradesh, Bihar) as well as the Sambalpur 'DIStI‘IC?t'(OI'—
issa). They are now mainly settled agriculturists. Their society is patnl'm‘eal
and patrilocal. At present, they are critically responding to the changing living
conditions. o

The Savara are part of a tribal group of whom the greater portion 1s now
found in the Orissa hills, adjacent Bihar, and eastern Madhya Pradesh. They
are known under several other names (e.g., Sawara or Sabra). Culturally and
linguistically they belong to the Mundari-speaking tribes and thus to the
Austro-Asiatic language family. Without doubt the Savara cgn be regarded
as one of the oldest autochthonous populations of central India.

The Bade Gadaba are one of the tribal groups who undoul?tedly repre-
sent archaic elements in the population of peninsular.India. Their traditional
agricultural system is slash-and-burn cultivation on hill slopes 'fmd plow cul-
tivation of permanent dry fields and on irrigated terraces sultable. for the
growing of wet rice. They speak an Austro-Asiatic language (Mundari). Some
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of the cultural rituals of the Gadaba are also widespread in the Munda-
speaking tribes and societies of south and southeast Asia.

The Konda Dora are part of the large Khond tribe. They belong to the
plains section of the Khond. The Konda Dora are agriculturists and speak a
Dravidian language.

The Kuvi Khond are also part of the large Khond tribe and belong to
the plains section of it. The Kuvi Khond are agriculturists and speak a Dra-
vidian language. Their physical appearance is similar to that of other Khond
groups.

The Deshia Khond are a Dravidian-speaking tribe with a number of
subdivisions that are genetically isolated from each other by social endogamy.
The tribe can be divided into a hill section (relatively untouched by Hinduism)
and a plains section, which adopted both the language and the religion of the
Hindu peasants. The Deshia Khond practice a traditional type of agriculture;
all Khond are keen hunters.

The Raj Gond constitute the largest and most widely spread Dravidian-
speaking tribes of central India. They cover the hills from Orissa westward
and northward, with a strong concentration in the Satpura mountains (south-
western Madhya Pradesh) and north of them. The Gond are generally settled
agriculturists and slash-and-burn cultivators. Among the Gond there are two
aristocratic subsections, the Raj Gond and the Khatolia. The Raj Gond clain
a higher rank because they form the land-holding section of the tribe.

o The Jhoria Paroja are a small tribe mainly settled in Orissa. They are
divided into several sections and are mostly agriculturists, but hunting and

food gathering are also practiced. Their language belongs to the Dravidian
language family.

Madhya Pradesh.  The Bhatra are a group of settled agricultural tribes it
the northeas'tern plains of the Bastar District of Madhya Pradesh. They donot
speak any dlSl.:inCt tribal language but use an Indo-European language known
as Bhatri, which appears to be a corrupt form of Halbi influenced by Oriya
g%aliects. The Bhatra are divided into a number of subdivisions that behave &
Olfsgrrlghfr:zﬁgazr;c});ls groups. They claim their origin from the southern sttt
. ?he Dhur.wla of Madhya Pradesh, who are also known as the Parja, at
gf;le}(; i Dlr)av}dlan‘speaking tribal population that is also found in Orisst
. OatSh:rr P:rj'a adopted the name Dhurwa in order to distinguish themselves
et a1 fhe BrjatOf Orissa; the main difference is that the Dhurwa do not et
clans: crose. astar Parj ado. The Dhurwa are divided into several exogamous
s ’T ;;)S;I clcl;usm marriage is commonly practiced.

Madhya Prail eséL arh;:hsettled'm @arge numbers all around the Bastar Distﬁct of
fhe Gand, Soctal] e}}l’ claim independent status and disown any relation
- With. end Y, they are divided into two main endogamous section:
ndogamous clans that are partly totemic. Cross-cousin marmig
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is the rule among the Halba. They are an aboriginal tribe who have adopted
Hinduism and an Indo-European language. Today they are mostly settled
agriculturists.

The Maria tribal population belongs to the Gond group and is said to
be one of the largest in this group. The Maria are divided into two sections:
the Hill Maria and the Bison-horn Maria. The Hill Maria are least influenced
by the outside world and have retained most of their original cultural and
religious traditions and customs. They practice a primitive form of shifting
cultivation and hunt and fish; their domesticated pigs, fowls, and goats pro-
vide additional food. The Bison-horn Maria, to which our sample belongs,
live south of the Indravati River (southern part of the Bastar District). They
are mainly food gatherers and live for most of the year on forest produce.

The Muria also belong to the Gond group and are one of the major tribal
populations of the Bastar District. They speak a Dravidian language. On the
basis of their cultural background and their geographic distribution, they can
be divided into three subgroups: Raja Muria, Ghotul Muria, and Jhoria Muria.
The Muria are prosperous and industrious cultivators and practice paddy cul-
tivation. They have been described as so-called proto-Australoid and thus
represent a remnant of the ancient populations of the Indian subcontinent.
Their name is thought to mean aboriginal.

Maharashtra. The Maria Gond are also part of the large Gond group and
live in the Bastar District and in the adjacent areas of Maharashtra. They
speak a Dravidian language and are generally settled agriculturists and also
slash-and-burn cultivators.

The Raj Gond sampled in the Gadchiroli District of Maharashtra belong
ethnically to the Raj Gond of Orissa.

Materials and Methods

Blood samples from 1651 individuals (both sexes) belonging to the 16
tribal groups under study were obtained during a field survey in 1989. Blood
cells and serum were separated in the field and transported at wet ice tem-
perature as soon as possible to Calcutta. Blood group typing was done in the
Anthropometry and Human Genetics Unit of the Indian Statistical Institute
in Calcutta using the usual typing methods. Antisera (A, Al.’ B; M, N, S s;
C,¢,D,E, e; FYA; K, k; DiA), produced by Ortho Diagnostic Neckargmund
(Germany), were used for blood grouping. Hemolysates for thq typing of
hemoglobin variants and red cell enzyme groups were prepared in Calcutta
and kept frozen. Frozen hemolysates and serum samples were transported to
the Department of Human Biology, University of Bremen (Germany), where
the phenotypes of red cell enzymes (ACP, ESD, PGD, and HB) and subtypes
of serum proteins (HP, GC, and PI) were determined according to the standard
procedures of the laboratory (Walter et al. 1991, 1993).
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Results

The allele frequencies of six blood group. three serum protein, and four
red cell systems are given in Tables 2 and 3. The observed phenotypes have
already been reported (Walter et al. 1991, 1993). Among the various blood
group systems studied, no significant deviation from Hardy-Weinberg equi-
librium occurred in the ABO blood groups. but deviation was observed in
four tribal groups for the MNSs system (Deshia Khond, Paroja, Maria, and
Muria), in three groups for Rh (Savara, Kisan. and Muria), in one group for
PGD (Kuvi Khond), in one group for GC (Parjas), and in three groups for Pl
(Gadaba, Paroja, and Maria Gond). Also, several of these tribes showed de-
viation from Hardy-Weinberg equilibrium for the HB system (Binjhal, Kisan.
Kuvi Gond, Paroja, Bhatra, and Dhurwa).

Interpretation of these deviations from equilibrium requires some cau-
tion. The small sample size and large number of tests carried out on the same
set of samples may lead by chance to some apparently significant deviation.
However, in several systems the observed frequency of homozygous phe-
notypes was greater than expected. Therefore it is possible that the mating
pattern among the tribes may promote heterozygote deficiency.

The populations of the Indian subcontinent provide a wide range of 4
B, and O gene frequencies, but the average frequencies are *Al = 0.6}
*42 = 0.025, *B = 0.238, and *O = 0.574. The ABO gene frequencies of
the tribal groups show narrow ranges around these averages (Al = 0.135-
0.229, *A2 = 0.012-0.062, *B = 0.165-0.282, and *O = 0.509-0.606)
and there is significant genetic heterogeneity among the 16 populations (r
= 57.96, d.f. = 45; p < 0.05). At the state level the nine populations of
Or{SSg did not show any genetic heterogeneity, nor was there any significant
Varlatlor} be'tween the two populations of Maharashtra. However, genetic het
erogeneity in ABO among the five tribal groups of Madhya Pradesh was
significant (" = 2642, d.f. = 12; p < 0.01). The examination by languege
showed no significant genetic heterogeneity among the 11 Dravidian- of the
3 Indo-Aryan-speaking tribes, but two Austro-Asiatic groups showed signif-
icant variation (y* = 10.6, d.f. = 3: p < 0.025).

f requ;};?els\dvljesrz system was typed using four antisera; therefore haplotype
and. N5 haslon ecompared. In India the average frequencies of MS, s, NS,
MS hemlotypeysphs Wfﬁ 0198, 0.452, 0.092, and 0.260, respectively. T0¢
0.086.0.160) angv‘;e Ewer frequencies in the tribal populations (range.,'
among the 16 P ul;'r this haplotype there was no genetic heterogeneity
Ms and Ns haplgt elonsh(x " 14.@ O = B335 ): EomEe "
showed signiﬁcantsgzztes: S OWE':d 2 wider range, and both these hgplotypis
4E = 15 p < 0,005 ]rvof‘%f;lzeliy among the 16 tribal groups (Ms: * = 4%
1s significant genétic c’livs. 33, df, = 15, p < 0.005). Overall thez)e'
p = 0.005). The anal Versity diong t.he 16 groups (y* = 468.7,df. = Al

analysis showed significant diversity at the state level only
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in the 5 tribal groups of Madhya Pradesh and at the linguistic level only
among the 11 Dravidian-speaking tribes.

This is the first extensive study of the Rh system in tribal populations
of India. although Rh has been examined in particular samples. In the pop-
ulations of the Indian subcontinent the average frequencies of various hap-
lotypes are CDE = 0.012, CDe = 0.632, Cde = 0.021, cDE = 0.092, ¢De
= 0.056. cdE = 0.004. and cde = 0.177, and for each haplotype there is a
wide range of variation. For central India the Rh haplotype frequencies were
similar to the average values. Some haplotypes (cdE, Cde) were present in
only a few tribes, whereas for other haplotypes, such as cde, the average value
was lower than the Indian average. However, in the present samples the av-
erage frequencies of the various haplotypes were comparable to the overall
average frequencies of India (CDE = 0.013, CDe = 0.771, Cde = 0.018,
cDE = 0.079. ¢cDe = 0.392, cdE = 0.004, cde = 0.076). All haplotypes
except CDe and ¢DE showed significant genetic heterogeneity among the 16
tribal populations. Both at the state level and in the populations of the three
different linguistic families the distribution of the Rh haplotypes showed sig-
nificant genetic heterogeneity (Table 4).

The population of the Indian subcontinent shows a wide range of the
FY*A gene frequency (0.136-1.000), and an earlier single study in the Bhil
tribe from central India gave a mean FY*A frequency of (0.724 (Papiha et al.
1978). The 16 tribal groups studied here showed a slightly lower mean value
of 0.611 and a much narrower range of FY*A gene frequency (0.555-0.649).
Mean values in the different states and linguistic families are also close to
each other.

The mean frequency of the K gene, 0.011 (range, 0.005-0.015), is typ-
ical of the Indian region. The Diego system is the least studied in India, aqd
there is no previous report from central India. The DI*A gene was absent in
the Konda Dora, Bhatra, Halba, and Maria tribes but was at high frequency
in the Austro-Asiatic-speaking tribes. The mean frequency in the present 12
tribes (0.011) is similar to the overall mean DI*A frequency (0.014) for Indian
populations.

The polymorphisms of red cell enzymes acid phosphatase (ACP), es-
terase D (ESD), and 6-phosphogluconate dehydrogenase (PGD) have been
studied in various populations of the Indian subcontineqt. For AC}D the
ACP*C allele is perhaps of recent origin in urban populations of Ipdla, an
interpretation supported by its absence from all the tribal groups studled.here
and in most previous investigations. In the peoples of the Indian subcontinent
the mean frequencies of the ACP*B and ACP*A alleles are 0.756 and 0.242,
respectively. In the present study the ACP*B gene frequency ranges frgm
0.709 to 0.843, with a mean of 0.779, similar to the overall mean of Indian
populations.

ESD has been less investigated in India. In the present study the ESD*2
gene frequency ranged from 0.245 in the Raj Gond (Maharashtra) to 0.398
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in the Paroja (Orissa), with a mean of 0.329, slightly higher than the overall
mean for Indian populations (0.271). The mean frequencies of the ESD*2
gene in the three linguistic families were similar (0.323-0.342), but interstate
differences were more prominent (Orissa, 0.356; Madhya Pradesh, 0.304;
Maharashtra, 0.267).

Among Indian populations the PGD*A gene frequency ranges from
0.754 to 1.000. In the peoples of the Himalayan foothills or those with Asian
affinity. lower PGD*A and higher PGD*C gene frequencies were observed.
The mean frequency of the PGD*A gene in the 16 samples was 0.971, and
the PGD*C gene frequency ranged from 0.000 to 0.078. These values are
comparable to most of the populations so far studied from India.

At both the state and the linguistic level genetic heterogeneity for the
ACP and ESD systems was not significant, but for the ESD system there was
significant overall heterogeneity among the 16 tribes (¢ = 32.6,df. = 15;
p < 0.01). The tribal groups of each state and the 11 Dravidian-speaking
groups all showed statistically significant heterogeneity for the PGD system.

For serum proteins three systems (HP, GC, and PI) were analyzed. The
HP*] gene frequency in the 16 populations ranged from 0.068 to 0.228 (the
highest and lowest values were found in the Orissa tribes). The nine popu-
lations of Orissa showed significant genetic heterogeneity for the HP system
(Zz =279, df = 8; p < 0.005). The GC*IF allele frequency showed a
wide range (0.160-0.387), and, like the HP system, the nine populations of
Orissa with their wide range of GC*IF allele frequencies, showed significant
heterogeneity for the GC system (3> = 69.9, d.f. = 24; p < 0.005). This is
the first comprehensive analysis of the PI system in tribal populations. There
is a wider range of variation of the PI*M3 allele frequency in Orissa than i'n
Maharashtra and Madhya Pradesh, and this system showed significant genetic
heterogeneity in the populations of Orissa (x* = 98.48,d.f. = 32;p < 0.005).

In the present study HbS is found in all tribes except the Sa}vara of
Orissa. The frequency of the HB*S gene varied from 0.021 in the Kuvi Khond
10 0.137 in the Maria Gond. The homozygous phenotype (HB S.S) was pres-
ent in all tribes except the Deshia Khond, Raj Gond, and Savara. There is a
suggestion of a geographic cline of increasing frequency of the HB *S gene
from east to west.

Genetic Heterogeneity. In each system tested there is a wide range of
variation in allele frequencies. The extent of genetic diversity among the'16
tribal populations and among 11 Dravidian-speaking, 3 .Indo—A'ryan—s.peakmg
and 3 Austro-Asiatic-speaking tribal groups was examined using chi-square
analysis (see Table 4). Nine of the 13 genetic systems (ABO, MNSs, Rh,
ESD, PGD, HB, HP, GC, and PI) showed significant genetic diversity among
the 16 tribal groups. The states varied considerably in intrastate heterogengty.
Significant heterogeneity was found in seven genetic systems ‘among the 'tr1bes
of Orissa (Rh, DI, PGD, HB, HP, GC, and PD), in five genetic systems in the
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tribal groups of Madhya Pradesh (ABO, Rh, Di. PGD and HB), and in five
genetic systems in Maharashtra (MNSs, Rh, PGD, HB, and PI). Three of the
genetic systems (Rh, PGD, and HB) showed significant genetic heterogeneity
in all three states investigated. In terms of number of systems, genetic het-
erogeneity is higher among the Dravidian speakers (MNSs, Rh, PGD, HB,
GC, and PI) than in the populations belonging to the Indo-Aryan (Rh, DI,
and PI) and Austro-Asiatic (Rh and HB) linguistic families. This may be due
partly to the larger number of populations (11) belonging to the Dravidian
family in this study. The Rh system showed significant heterogeneity in pop-
ulations of all three linguistic families. "

F Statistics.  The extent to which the mating structure of the tribal groups
influences the maintenance of the variation was examined using Wright's
(1951) fixation index (F), which is defined as

£ =1-H/H, (1)

where H, is the observed number of heterozygotes in a diallelic system and
H, is the expected number of heterozygotes, assuming Hardy-Weinberg equi-
librium. In other words, F can be viewed as a deviation from panmixia.

For a population that is divided into a large number of subpopulations,
partitioning the total index into fixation indexes within and between subpop-
ulations allows the effect of subdivision to be studied. Three indexes, Fir. Fss
and Fy, are defined. F; and Fg are coefficients of inbreeding and represent
the probability of identity of alleles of individuals relative to the total popi-
lation and relative to the subpopulation, respectively; Fgy is the probability
of identity by descent between random alleles from each subpopulation rel-
ative to those of the total population. These three indexes reflect the nature
of genetic differentiation within the total and individual subpopulations and
between subpopulations and are related by

Fsr = (Fp — Fi))l(1 — Fpg). W)

For all diallelic loci where the heterozygotes are discernible, values of Fg. ¢
Fi, and Fis in the 3 state populations and in the 16 tribal groups are given
in Table S. For different loci the F ;7 and Fg estimates varied considerably
both at the state level and for total tribal populations. For Ss and ESD the Fs
and F,r Yalues showed small negative values, suggesting little influence of
these loci on genetic differentiation. MN, Ee, and HB loci exhibit the largest
Fyrand Fig values, indicating a possible excess of homozygotes at these loci
because of either selection or nonrandom mating or both. The mean Fyrvalues
8oth at the state level (Orissa, 0.199; Madhya Pradesh, 0.089; Maharashir2
t(;OF9O)( gr;:ls ;n t(l)le1 ;ot.al tribal groups (0.166) are quite large; this is mainly due |
N 4,; a,0.178; Madhy'a Pradesh, 0.153; Maharashtra, 0.080; total tribes. |
! ) rather Fhan to Fgr (Orissa, 0.015; Madhya Pradesh, 0.018; Maharashtra. !1
0.012; total tribes, 0.022), suggesting tendencies toward consanguineous ma- 1
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Table 6. Comparison of F Statistics for 9 Codominant Alleles in 16 Tribal Groups of .
Three Linguistic Groups®

Fgr Fir Fig
Locus DR 1A AA DR IA AA DR 1A AA
MN 0.0542 0.0066 0.0012 04761 0.3981 0.7613 04761 03941 07610
Ss 0.0048 0.0101 0.0016 —0.0701 0.2038  0.1957 —0.0752  0.1957 —0.00%
Cc 0.0011 0.0023 0.0014 0.0326 —0.0600 0.0861 0.0251 —0.0624 0.0849
Ee 00270 0.0495 0.0006 0.6261 0.5719 0.4808 0.6157 0.5497 04800

ACP 0.0064 0.0028 0.0037 0.0522 0.0264 0.0134 0.0461  0.0236  0.009
ESD 0.0105 0.0104 0.0100 0.0100 —0.0387 —0.0496 0.0040 —0.1213 -0.1258
PGD 0.0238 0.0647 0.0139 0.1142 —0.0742 —0.0073  0.0926 —0.1485 —0.0215
HB 0.0213 0.0030 0.0213 0.1743 02736 0.1782 0.1563 02714 01603
HP 0.0184 0.0083 0.0015 0.0808 0.0843 —0.0089 0.0636  0.0766 —0.0104
Mean 0.0186 0.0175 0.0061 0.1662 0.1539  0.1833 0.1560 0.1309 0.1477

a. DR, Dravidian; IA, Indo-Aryan; AA, Austro-Asiatic.

ings, particularly in Orissa. All three linguistic families showed high F; and
Fis values (Table 6), whereas the highest F. s value was observed for Dravid-
ian speakers (0.019) and the lowest value was observed for Austro-Asiatic
speakers (0.006). This large difference between these two linguistic families
may be due to the small number of populations studied in the Austro-Asiatic
group.

Gene Diversity.  The F estimates were based on the diallelic loci, and for
multiple alleles the relationship between F indexes does not hold. In its place
Nei (1973) described the coefficient of gene differentiation (Ggy), which is
identical in interpretation to Fy; and which Nei mentions as independent of
pattgm of selection, migration, mutation, and method of reproduction. If pop-
platlon differentiation occurs primarily by genetic drift in isolated or partially
1solated populations, the F st o1 Gg7 values would be expected to increase as ¢
the average geographic distance between population increased.

Ggr is a ratio of the extent of gene differentiation among populations
(D7) to the extent of the total genetic variation in the entire population Hr
= Dgr + Hg, where H s 1s the intrapopulation heterozygosity. Therefore Gsr
may be largp even for a small value of Dy if Hy is small. This situation can
occur especially when a population goes through a bottleneck and splits into
1solated subpopulations. Nei (1973) suggested that this type of bottleneck
efoect oll; Ggr can be detegtqd by examining the absolute values of H and
TliT or Dy (the_average minimum genetic distance among subpopulations)

eratio Ggr = Dy /H, is called the coefficient of gene differentiation, the

:f;l’/a;)c_e of which can be calculated using the equation given by Chakraborty |
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Table 7. Gene Diversity Analysis among the 16 Tribal Populations

Lacus H, Hg Gy
Blood Groups
AIA2BO (1.6025 0.5991 0.0056
MNSy 0.6640 0.6558 0.0123
Rh 0.3922 0.3836 0.0219
Kell 0.0210 0.0209 0.0010
Duffy 04753 0.4741 0.0025
Diego 0.0286 0.0280 0.0210
Red cell enzymes
ACP (.3443 .3423 0.0058
ESD 0.4415 04371 0.0100
PGD 0.0558 0.0526 0.0574
Hemoglobin 0.1221 0.1201 0.0164
Serum proteins
HP 0:2272 0.2236 0.0158
GC 0.6110 0.5989 0.0198
PI 0.5801 0.5714 0.0150
Mean 0.3512 0.3467 0.0157
Vartance 0.1752 0.1710 0.0032

Gy was computed for the 16 populations on the basis of 13 polymorphic
loci (Table 7). The total average gene diversity H, was 35.1%, and the intra-
population diversity Hg was 34.7%. The overall coefficient of gene differ-
entiation was small in these populations (Ggr = 0.0157 = 0.0566). The
variance of Ggy was 0.0032. The level of total heterozygosity Hr is h.ighest
in the MNSs loci and lowest in the Kell system under the assumption qf
Hardy-Weinberg equilibrium for the pooled data. Within populations the di-
versity Hg was largest at the MNSs loci and smallest at the Kell 1ocus..The
PGD locus yielded the highest G value (0.0574) in the 16 tribal populations,
just as with Fgr. .

Table 8 shows the gene diversity partitioned among the populations of
Orissa, Madhya Pradesh, and Mabarashtra. Gsr depends on th§ number of
populations considered, as mentioned by Nei (1973, 1975). N?l (1986) re-
defined Gy, as G4y, in which G = Dyf/Hs + D where Dy, is rDer/(r —
1). Here r denotes the number of subpopulations examined. DM'IS a measure
of absolute gene differentiation. The levels of total heterozygosity HT.Varled
among the populations of the three states, with Madhya Pradesh showing the
highest H, value (0.3507), Hg value (0.3476), and Gy value (0.0111). The'se
high values can be attributed to population differentiation compared with
populations of the other two states. Between-population difference{s were at
low levels among populations of Maharashtra (0.0073) compared w1th Or1§sa
(0.0096). Subsequently, the values obtained in the measure of gene diversity
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Table 8. Gene Diversity among the Tribes of Orissa, Madhya Pradesh, and Maharashtra

Orissa Muadhya Pradesh Maharashtra

Locus Hy Hy Gy Hy H Gy H, H Gy
Blood groups

AlA2BO 0.6048 0.6014 0.0056 0.5932 0.5909 0.0039 0.6116 0.6093 0.0038

MNSs 0.6598 0.6537 0.0092 0.6719 0.6677 0.0063 0.6513 0.6354 0.0244

Rh 0.3926 0.3844 0.0213 0.4042 0.3961 0.0200 0.3544 0.3485 0.0166

Kell 0.0180 0.0180 0.0006 0.0243 0.0243 0.0007 0.0268 0.0268 0.0007

Duffy 0.4697 0.4691 0.0013 0.4836 04818 0.0037 04760 0.4756 0.0008

Diego 0.0296 0.0294 0.0068 0.0066 0.0066 0.0064 0.0221 0.0221 0.0009
Red cell enzymes

ACP 0.3330 0.3310 0.0060 0.3449 0.3445 0.0012 0.3894 0.3880 0.0036

ESD 0.4586 0.4568 0.0038 0.4237 0.4199 0.0090 0.3919 0.3911 0.0020

PGD 0.0192 0.0190 0.0104 0.1022 0.0962 0.0587 0.0961 0.0947 0.0146
Hemoglobin 0.0801 0.0789 0.0150 0.1511 0.1501 0.0066 0.1729 0.1693 0.0208
Serum proteins

HP 0.2546 0.2506 0.0157 0.1978 0.1968 0.0025 0.1697 0.1695 0.0012

GC 0.6276 0.6192 0.0134 0.5837 0.5783 0.0139 0.5577 0.5567 0.0018

Pl 0.5731 0.5646 0.0152 0.5723 0.5661 0.0108 0.6188 0.6163 0.0040
Mean 0.3477 0.3443 0.0096 0.3507 0.3476 0.0111 0.3491 0.3464 0.0073
Gy 0.0109 0.0119 0.0153

were found to vary also at the locus level. Out of six blood group loci or gene
clusters studied, at least four loci (ABO, MNSs, Rh, and FY) exhibited high
levels of heterozygosity, and out of three enzyme and three protein loci two
epzyme loci (ACP and ESD) and two protein loci (GC and PI) also revealed
high levels of heterozygosity to varying degrees in all three substt
populations.

G4y values were also computed when populations of each of the three
states were analyzed separately (see Table 8). The overall G value in the
Ma}harashtra population was higher (0.0153) than that in the population of
Orissa (0.0109) or Madhya Pradesh (0.01 19). In the present study Ggy Was
founq to be inversely related to geographic distance; for example, populations
in Orlss'a are sparsely distributed and cover a wider geographic area than the
populations of Madhya Pradesh and Maharashtra. Populations of Orissa
ﬁzl\gigsﬁ?r\;er Ggr values than the populations of Madhya Pradesh and
. .T}.le gene c}wersity results for the populations classified according 1
linguistic afﬁllz?tlon are set out in Table 9. The average total heterozygosity
H7 level was highest (0.3589) among the Indo-Aryan-speaking populations.
ghe Dravidian- and Austro-Asiatic-speakjng populations showed values of
H3491 anFl 0.33_97, respectively. Consequently, within-population diversity

s was higher in the Indo-Aryan group (0.3384), but between-population
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Table 9. Gene Diversity among the Dravidian, Indo-Aryan and Austro-Asiatic Groups

Dravidian Indo-Aryan Austro-Asiatic

Locus H, H, Gy Hy Hg Gyr Hy H; Gsr
Blood groups

AlA2BO 0.6038 0.6009 0.0048 0.5877 0.5822 0.0094 0.6167 0.6151 0.0026

MNSs 0.6724 0.6574 0.0223 0.6668 0.6609 0.0088 0.6416 0.6391 0.0039

Rh 03777 0.3682 0.0252 0.4450 0.4422 0.0063 0.3846 0.3799 0.0122

Kell 0.0210 0.0208 0.0105 0.0227 0.0226 0.0009 0.0190 0.0189 0.0001

Duffy 0.4728 04718 0.0021 0.4832 0.4818 0.0029 0.4755 0.4753 0.0004

Diego 0.0200 0.0172 0.1414 0.0129 0.0127 0.0154 0.0423 0.0422 0.0005
Red cell enzymes

ACP 03436 0.3414 0.0064 0.3610 0.3600 0.0028 0.3213 0.3201 0.0037

ESD 04390 0.4344 0.0105 0.4447 0.4401 0.0103 04502 0.4484 0.0040

PGD 0.0419 0.0409 0.0239 0.1297 0.1213 0.0648 0.0143 0.0142 0.0014
Hemoglobin 0.1221 0.1195 0.0213 0.1316 0.1314 0.0015 0.0470 0.0458 0.0255
Serum proteins

HP 0.2286 0.2244 0.0184 0.1922 0.1906 0.0083 0.2688 0.2684 0.0015
GC 0.6062 05922 0.0231 0.6014 0.6005 0.0015 0.6353 0.6332 0.0033
Pl 0.5888 0.5813 0.0127 0.5865 0.5841 0.0041 0.4991 0.4981 0.0020
Mean 0.3491 0.3439 0.0248 0.3589 03562 0.0105 0.3397 0.3384 0.0047
Gsr 0.0163 0.0155 0.0076

heterozygosity (Dg;) was higher in the Dravidian group (0.0052) than in the
Indo-Aryan (0.0027) or Austro-Asiatic group (0.0013). It seems that popu-
lations included in the Dravidian linguistic group represent more isolatgd
groups compared with those included in the other two linguistic groups. This
assumes further significance because the highest Ggr value (0.0248) or Ggr
value (0.0163) was observed among the Dravidian-speaking group compared
with the other two linguistic groups (Indo-Aryans, Gsr = 0.0105, Gy =
00155; Austro-Asiatic, G, = 0.0047, Ggr = 0.0076).

Genetic Distance.  Another measure of genetic differentiation ampng the
tribal groups of the different states that may point out their relationshlp'along
the evolutionary scale is genetic distance. Of the various methods avallab.le,
that of Harpending and Jenkins (1973) was used here. The allele frequenples
were converted to the normalized kinship matrix R. The R matrix prov@es
the mean squared standard deviation of gene frequency from the populatlpn
mean (r;) in each tribal group and the average covariance of gene frequencies
relative to the mean (r;) in each pair of tribal groups. The r; element of the
R matrix is

Py = 12 (Pac — PPy — ﬁk)’ (3)
i Pl = py)
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Figure 3.  Genetic relationships among 16 tribal populations of central India shown by plot of the
first and second eigenvectors of the R matrix.

The cophenetic correlation of 0.766 suggests that the dendrogram is a fair
representation of the genetic distance.

The eigenvector plot drawn from the R matrix and the dendrogram plot
of the distance matrix confirm that the tribes of the same linguistic families
within the same states do not show close affinities. To some extent geograph-
ically close tribes of different linguistic groups showed greater affinity. The
values of ry;, the principal diagonal element of the R matrix, indicate the
degree of isolation characteristic of a particular subgroup. The highest value
was found for the oldest population of the region—Binjhal (0.026)—whereas
the lowest value was found for the Bhatra population of Madhya Pradesh
(0.004).

The mean diagonal value of the R matrix provides another estimate of
genetic differentiation, Ry, theoretically equivalent to Fr or Gs. The Rsr

value for the 16 tribal populations was 0.0128, which is slightly lower than
the Gy value and much lower than the F st value.



e e, ]

Population Structure of Tribal Populations of Central India ] 701

A 0.0 0.02 0.01 0.00

Konda-Dora
‘ Bhatra
R.Gond

Paroja
e e o s Mh-MGond

K.Khond
Mh~RGond
Bhurua
Savara

Figure 4. Dendrogram depicting relationships among 16 tribal populations of Orissa, Madhya
Pradesh. and Maharashtra.

Discussion

This study is the first extensive investigation of the tribal populations
of India in which the pattern of genetic heterogeneity and the genetic structure
in a number of tribal groups of central India have been studied. The compar-
ison of the allele and haplotype frequencies suggests that for most of the
investigated genetic systems the average frequencies for the tribal groups are
comparable with those reported for populations of the Indian subcontinqnt.
However, there was considerable variation among the 16 tribal groups. Nine
of the 13 loci showed significant heterogeneity in the 16 tribal groups, and
similar patterns of heterogeneity also were discernible in different state pop-
ulations and in the Dravidian-speaking tribes. Highly significant intertribal
differences were noted for the ABO*A2 allele and for the Ms, Ns, cde, Cdff,
¢dE, cDe, and CDe haplotypes. The lack of some of these haplotypes in
certain populations may be due to drift or a founder effect.' .

The DI*A frequency suggests gene flow among the tribes. The highest
frequency of DI*A was found in the Austro-Asiatic—fspeakmg Gadaba agd
Savara populations. D/*A was present in some populations but was gbsent in
two Dravidian- and Indo-Aryan-speaking populations. The most likely ex-
Planation for this situation is that the Austro-Asiatic speakers, whose': ances-
tors probably came to central India in prehisto'ric times, brogght this allele
with them and Ilater through the process of admixture spread it into the pop—
ulations speaking Dravidian and Indo-Aryan languages. However3 confir-
Mation of gene flow among these tribal groups needs 'fun'her sy.stematlc stgdy.

There was a wide range of FY*A gene frequencies in Indian populations
but aJesser degree of variation (55—65%) in the tribal groups. From the known
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where p;, and p;, are the frequencies of allele k in populations i and j and j,
is the mean frequency of allele k in all populations.

The values below the diagonal in Table 10 provide the kinship matix
of the 16 populations. Both weighted (by sample size) and unweighted ma-
trices were computed; except for some populations there was no major dif-
ference between the two matrices, so the unweighted matrix is used in our
discussion. The higher positive values, for example, between the Gadaba and
the Binjhal (0.014) and between the Deshia Khond and the Muria (0.019),
indicate greater affinity between these tribes. The low negative or low positive
values, for example, between the Savara and the Raj Gond (0.001) or between
the Halba and the Raj Gond ( —0.001), show intermediate affinity. The lowest
negative values, for example, between the Maharashtra Raj Gond and the
Muria (—0.009), show the least affinity between these groups.

The multidimensional R matrix, reduced to a two-dimensional eigen-
vector plot, helps to visualize more clearly the genetic relations of the various
groups (Figure 3). The first eigenvector is useful in differentiating a cluster
of four groups (Maharashtra Raj Gond, Madhya Pradesh Dhurwa, and Orissa
Kuvi Khond and Savara) and two pairs of tribal groups (Maharashtra Maria
Gond and Madhya Pradesh Halba; Orissa Deshia Khond and Madhya Pradesh
Muria). The second eigenvector helps to clearly differentiate a pair of pop-
ulations of Orissa (Binjhal and Gadaba), whereas the remaining populations
form a central cluster.

A EBuclidian measure of genetic distance (d %) was obtained directly from
the uncorrected R matrix:

d2 = F; + rij i 2}"[] (4)

The \falues above the diagonal in Table 10 are the genetic distances between
the trlbes. The largest and the lowest distances were observed between tribes
of Orissa: Paroja and Binjhal (0.058) and Konda Dora and Kuvi Khond
((.)'010)’ respectively. The Maria Gond of Maharashtra showed considerable
distance (0.039) from the Raj Gond of Maharashtra. Other populations of
Madhya Pradesh and Orissa varied considerably in genetic distance from one
another.

_ The dendrogram in Figure 4 summarizes the affinity among the 16 pop-
ulations obtained using the unweighted pair group method with arithmetic
mean (UPGMA).. The earliest differentiated were the Binjhal and Gadaba pop-
ulatl_ons of Qnssa, both being autochthonous groups in this region but be-
lpngmg to different linguistic families. Another early differentiating popula-
tion was the Raj Gond of Orissa. In the center of the dendrogram are three
clpsters: (1)' Deshia Khond, Muria, Maria Gond (Maharastra), and Halba; (2)
Kisan, Maria Gond, and Konda Dora; (3) Kuvi Khond, Savara, Dhurwa, Raj
Gond (Maharashtra), Paroja, and Bhatra. The populations of Madhya Pradesh
and,MaharaShtf.a are well scattered in these clusters; so is the group of pop-
ulations belonging to the Indo-Aryan and Austro-Asiatic language families.
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Figure 3.  Genetic relationships among 16 tribal populations of central India shown by plot of the
first and second eigenvectors of the R matrix.

The cophenetic correlation of 0.766 suggests that the dendrogram is a fair
representation of the genetic distance.

The eigenvector plot drawn from the R matrix and the dendrogram plot
of the distance matrix confirm that the tribes of the same linguistic families
within the same states do not show close affinities. To some extent geograph-
ically close tribes of different linguistic groups showed greater affinity. The
values of r;, the principal diagonal element of the R matrix, indicate the
degree of isolation characteristic of a particular subgroup. The highest value
was found for the oldest population of the region—Binjhal (0.026)—whereas
the lowest value was found for the Bhatra population of Madhya Pradesh
(0.004).

The mean diagonal value of the R matrix provides another estimate of
genetic differentiation, Ry, theoretically equivalent to Fy, or Ggp. The Rer

value for the 16 tribal populations was 0.0128, which is slightly lower than
the Ggy value and much lower than the F st value.
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Figure 4. Dendrogram depicting relationships among 16 tribal populations of Orissa, Madhya
Pradesh. and Maharashtra.

Discussion

This study is the first extensive investigation of the tribal populations
of India in which the pattern of genetic heterogeneity and the genetic structure
in a number of tribal groups of central India have been studied. The compar-
ison of the allele and haplotype frequencies suggests that for most of the
investigated genetic systems the average frequencies for the tribal groups are
comparable with those reported for populations of the Indian subcontlngnt.
However, there was considerable variation among the 16 tribal groups. Nine
of the 13 loci showed significant heterogeneity in the 16 t.ribal groups, and
similar patterns of heterogeneity also were discernible in dlfferent state pop-
ulations and in the Dravidian-speaking tribes. Highly significant intertribal
differences were noted for the ABO*A2 allele and for the Ms, Ns, cde, Ca’.e,
cdE, cDe, and CDe haplotypes. The lack of some of these haplotypes in
certain populations may be due to drift or a founder effect.. .

The DI*A frequency suggests gene flow among the trlpes. The highest
frequency of DI*A was found in the Austro-As1atlc—§peak1ng Gadaba a1.1d
Savara populations. DI*A was present in some pop}llatlons but was ?1bsent n
two Dravidian- and Indo-Aryan-speaking populations. The most likely ex-
planation for this situation is that the Austro—Asiatig speakers, whosz? ances-
tors probably came to central India in prehisto;ic times, broyght this allele
with them and later through the process of admixture spread it into the pop-
ulations speaking Dravidian and Indo-Aryan languages. Howeverz con(fiir-
mation of gene flow among these tribal groups needs ‘furt.her systematlc stg y.

There was a wide range of FY*A gene frequencies in Indian populations
but a lesser degree of variation (55-65%) in the tribal groups. From the known
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association of this system and particularly the FY phenotype with protection
against malaria, this close range of FY gene frequency suggests the uniform
operation of natural selection in this holoendemic malarial region of central
India (Miller et al. 1976). The variance of allele frequency observed for the
ESD, GC, and PI systems was relatively high, suggesting the converse, that
there was either no or only locally varying selection by these alleles across
the 16 populations.

The spatial patterning of certain genetic systems that was observed may
reflect adaptation to a corresponding environmental variable. The distribution
of the HB*S and HP*] allele frequencies showed that when HB*S is de-
pressed, the HP*] allele is elevated. Whether the frequency clines of these
two alleles at different loci represent gene flow across the region or provide
a compensatory seclective mechanism against malaria needs further
investigation.

At both the state and the linguistic level there is sufficient genetic var-
iability and differentiation among various tribal groups to allow the detection
of a slight excess of homozygosity in the 16 tribal populations of central
India. The estimates of genetic differentiation or gene diversity (Fs; or Ggp)
based on our samples varied considerably from locus to locus, but the mean
genetic differentiation of the 16 tribes was the highest so far reported from
central India. This estimate is equivalent to the overall F; estimate for Indian
populations (Papiha 1996) but is lower than the estimate for the Dhangar
caste group (0.0438) in western India (Chakraborty et al. 1977) and nine tribal
groups of southern India (Sirajuddin et al. 1994). In India the estimate of F;
(the effect of population subdivision) varies considerably, perhaps because of
the variable number of loci or populations involved in the different analyses.
However, it is generally believed that the inclusion of tribal populations tends
to elevate Fg values. The present estimates from tribal populations of dit-
fe?rent states suggest that the groups exhibit F 57 values similar to other re-
gional or caste groups.

The mean estimates of Fg (coefficient of inbreeding within subgroups)
and H; (diversity in subpopulations) for each locus in state, linguistic, and
total tribal groups were consistently higher than the Fg; or G values, and
these estimates were nearly equal to Fyr or Hy. However, the present values
?ri)ﬁisaind 1; II Wer% Considergbly higher thgn the previously reported estimates
il dyljaa ii’atfllggz or regional population (Papiha et al. 1982, 1984; Mas-
cample sizepnumb ). z?llthough some of these variations may be due to the
ables teste(i iha :1”, and geographic distance between popqlatlons and var-
these populz;tionspies}?‘ntham{lysm strongly suggests that the 1.nfrast.ru<.:ture of
tribal population T}Sl 1ghly influenced by the local inbreeding within .each
of inbreeding in t hesf;S:: fssltllts are a}so supported by the elevated coefﬁc1§nts
of inbreeding ranged f“ 4 POPula}tlons. qu autosomal genes the coefficient
Gond, swith oy egra rom (0.001 In the Binjhal to 0.029 among the Maria

’ ge for the 16 tribes of 0.014 (Chaudhuri 1993).
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The other approach used to study the intertribal variability of genetic
affinity was genetic distance. In the dendrogram (Figure 4) populations speak-
ing Indo-Aryan or Austro-Asiatic languages showed little affinity with each
other and they were widely spread in different clusters. However, there was
some geographic affinity between different populations. The indigenous
groups of Orissa. the Binjhal (Indo-Aryan speakers) and the Gabada (Austro-
Asiatic speakers). showed close affinity and formed one clearly differentiated
cluster. whereas the Raj Gond of Orissa seemed dissimilar to the remaining
populations. The analysis of the central three clusters also demonstrated that
the genetic affinities. rather than linguistic affinity, between the different tribal
groups correlated better with geographic proximity. A small inverse relation-
ship (r = —0.1287) was observed between genetic distance and average
heterozygosity; this relationship may be due to a bottleneck effect, as sug-
gested by Livshits and Nei (1990). This increase of genetic distance resulting
from a bottleneck is due to the reduction in heterozygosity in one or both
populations. Similar patterns of relationships in the Indian populations have
also been reported by Roychoudhury (1982).

The lack of genetic relationship based on the linguistic data is intriguing.
It may be explained by the considerable cultural and linguistic evidence that
a number of Austro-Asiatic speakers gave up their languages in favor of
Dravidian languages; several Dravidian-speaking tribes did adopt Indo-Aryan
languages (Rakshit 1980). In the present study, therefore, it is not surprising
(o find that the Binjhal of Orissa, who speak an Indo-Aryan language, were
previously Austro-Asiatic speakers and show a greater genetic affinity with
the Austro-Asiatic-speaking Gadaba. o

In conclusion, the genetic evidence of 39 alleles indicates a stnkmg
genetic heterogeneity in the 16 tribal populations of central India. This g.enet.lc
diversity appears at both the geographic and the linguisti'c level: Genetic dif-
ferentiation in these populations indicates that the genetlc.afﬁmty correlates
better with geographic proximity. In addition to genetic drift, gene f-low., and
sefection, the genetic structure of the populations of central India is highly
influenced by sociocultural adaptation and inbreeding.

Received 3 April 1995; revision received 6 February 1996.
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