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Summary

We describe the generic structure and affimities of five Dravidian-speaking tribal pepuladeons inhabiting the Nilgir
hills of Tamil Nadu, in south [ndia, using 24 auosomal DNA muarkers. Our gaals were: {f) to examine why
evolutionary fotees have most significantly impacted south Indian rribal genetic variaton, and (i) w test whethsr
the phenotypic similaniaes of some south Indian wribel groups to Africans represent a sipgnatare of close telationshi
to Africans ar are due to convergence. All loci were pohymorphic and average heterozvygosities were substansl
(range: 03470423}, Genetic differentaion was high (G, = 6.7%) and genctic distances were pot signifcarly
correlated with geogrphic distances. Genetie dridt thenefore probably played a significant role in shaping the patterrs
of genetic variation observed in southern [rdun oribal populations, Ctherwise, analyses of pepulation m‘ﬂﬁmshim_
showed that Indian populations are closely related to one ancther, regardless of phenorypic characreristes, and 4o
not show particutar affinities to Africans. We conclude thae the phenotypic similarities of some Indian groups 1o
Africans do not reflect 3 close reladonship between these groops, but are better expliined by comrergence.

Introduction oelic mterst’ [Cavalli-Sforza e of, 1994}, The onigns
and migratonal histories of the ribal populaton: of
che Indian subcontinent aie not clearly undecsroed. it
has been argued that Africa may have made seme o-
rect genetic contmibution to India, since some @ibd
pi:l[_iuldliuns i southern 1ndia oS phemnrpic sim-
iaticies with ﬁ.fri::ans_ the soe-oplled “thl'im” PI’!I'E"
i3l characeeristics (Maloney, 1574; Saha e af. 1974
Rovchoudhury, 1982; Chandler, 1988; Majumder
1998}, It has alio heen suggested that at one ome
a “Neyrito element” was widespread throughout Ir-
dia and was eventually forced inta a more resmrictod
locaion in south India {Majumder & Mukherjet
1993).
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Clonternporary ethnic populitions of India are highly
variable, both biclogirally and culturally (Majumder,
1998}, The broadest division of Indizn populations dis-
tinguishes eribal from nonr-tribal groups. The defini-
ton of mibe is snmewhat ambiguous, bug generally
refers to the endogamous populations that are consid-
cred aberiginal, inbabiting the lndian subcantinent be-
fore the impgration of pastoral nomads from central
Asia tome 3,500 years ago (Cavalli-Sforza er ol 1994).
The eribal growps constitute atwust 8% of the ol [o-
disn populanon and they “may represent relic popula-
tions of nnknown origin buc potentially of great ge-
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time depth for the aerival of the (ot serders of the
Iadian subconhnent rétoding a matter of debace fe g
Cordaux & Stanckiog, 2003 Eradicoct eral. 20036). The
presence of mDNA haplogroup M in both cast Africs
and Todia has been interprered a3 SUPPOrting an an-
cient eart Afriza-to-Tndia migration [Quintina-buss
ef al. 1999}, aldwough this conchusiont has heen ques-
toned (Roychaudhury er ol 2001} Moreowor, rom-
patisons of south Indian rity] groups with ether wodld
populations, based on mDNA data, do wor reves]
cinse reladonshups to Afocas (Cordaux e ol 20013;
Kivisidd et al, 200%). This conelusion is also supported by
Yohmmeosome peoesic markers (Fivisild o al Qi3
Corlaux o al. 2004). Therefore, it is posible that ¢he
African=like morphalogical featrss of some south lio-
dian tribal groupt result fom convergence rather than
shaved ancestty witly Alricans.

Fowever, mtDiM A and the Ychromosome each ep-
resent snggle haplowd loct and are more prone o stochas-
G procosses than are pokosonal bi-purentally innetited
mackers. Here, we ceport the anehsis of 24 gurose-
mal markers Jocluding 7 inserfon-delecon pehmor-
phisms ann 17 resiticrien site polymorphisms ot #.5Fs)
irt five indigenous tribal populations from the Nilgici
Fulls of Tetnil Madu, in soutlein Iodis. The qims of
this seady were: (i} with reganl 1 the relatonships of
these popilation, o tesr whether the " Negrilo™ fra-
tures of some cantemporary sonth Indian robal proups
represent a signarure of close rebtionship mo Aflzens or
are due to convergeuce, amd () with repand o the ge-
nzhie sructure af these populacions, 1o exarnime whae
calutionary forces have mom significandy impacted
oc the genete variation in present-day south Indian
teibes.

Materials and Methods

Population Samples and Anrosomal Markers

Bload saraples (5-10 mwil by venipuncture} wete drawt
trom 2510 ureee]ated adult volupteers oot Rove E'Tldl:ﬂg'-’l"'
mous Drpadian-speaking rrital population: of southern
Indiz with prior informed cotsent. The tribai groupsare
cemfined 1o hilly ceacts and valleys of the Nilgiri mgion
(Figure 1%, locared 20~ 100 kn from each other (Table 1),
and consist of Irula {n = 50, Kurumba (o= 54}, Badaga
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{n = 51}, Kora (n = 45} and Toda {n = 50). OF these,
the Trula sl Kumamba possess "Megritn” morpholog-
ical [eammes ffor 2 description, see Majumder, 1998,
These grovps are characeerized by small census sizes,
in particular Toda (ressus size: o1 300 individugls),
Ko {2000}, Kutumba -5 000 and Trula (~ 9,005,
wheneas Badaga conustinae a larger group (rv 150,000},
Additional bnguistic, historical, demographic and ge-
nene jnformation abour these populations have been
reporced glsewhere (Thurston, 19%09; Saha o of. 1976,
Brreks, 1985; Singh, 1994; Reychoudbury ef af. 20K
High molacular weight DNA waz solated fom the
blowd sanpies by the salting owmt procedurs [iller
et al. 1988) and wis susperded in T0mM Tois andg
i.tmM EDTA for genooyping. All the pohymorphic
ooy sdwe wess genotvped by amplifying DNA in
7 standard Ml-¢yele three-sten PCR. Appropriate an-
nealing remperatnres and addivves were oprimized for
each gysiem. PCH products of the RSPs were digered
with 5 U of the appropriat= reseriction enzymes in
the respective buffors for 2—4 haurs at the appropriae
temperatures. The name and Genome Datshase
(GI'B) cocemion numbcers of the 9 RSP doci are: FSE1
{I3B: 183229, NAT {GDE: 187578), PSCR [GDA:
182305), T2 {GDB: 196356), LPL {GDH- J83016),
ALE (GDB; 178648), CYPLAI [GDE: 120804,
Houlid (GDR: 120663} AMipl, ADHE {GOB: 119551
Rssd. The chrowrosomal tocatony, prioacr seqnences
and PCR. condinens for each RSP locos studied
are prowided at GOE and are lited on the Eccles
Institvee of Human Geneics waebsire htm:// warw
yrneticsutah ede s ~ swatking / pub £ BSP dinks.htmb).
The m:thodologies of the haplotype loci DRI {lused
on shies Tagl “A', Tagt ‘B and Tayl ‘D7), #-globin
{rased on sites HRY, HRA and HBY) aad ALAD (based
cn sites BSAL and MSP1 and BESPs are abio deseribed
cherwhene Cidd £ of. 1998 Wammder ef of, 199%;;
Yorde £ el 1995 Mukbenee ef ol 200, Wetwar
et al. 19911, The inscrdoa-deletion golymurphisms
inclade & Abr elements [ AAPO, AMACE, APLAT,
A4, AlFXIIB), voe deletion widhin che Al
lement C0M C0del] aed oue ouclear isertion of
a mtoenendrisgl DMA semment (mtNUC, Zischley
et el 19950, The pratecals for chese markers have heen
described elsewhbere (Staneking #f ol 1997 Majumdzr
st 10990 Wackins of of, 200M) Alrer POR, the
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Figure 1 Map of India pinpoindag the Nilgiri Hilis of Tamil Nady, in southern i,

samples were subjected to clectrophoresis at 125 W for
1 hour. Ethidium bromide staived gels were visnakized
by UV and were dacumented.

Data Analysis

Allele frequencies were calrulased by direct counting at
each locus separarely for each popuiation. Hetero TYROSI-
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fies at inclividezl loc and the overall average hererezy-
gosity were caleulared using the estimated allele freqeot”
cies for each pupuIati{J I. Hard}r-w-einhcrg equilih“““
was rested using a x° goodness of fie rest, with Danfer-
roni’s correction fur multple comparisons, To assess 1
extent of gene differenmiatinn anmong the studied groos
Moi's (1973} measune of gone diversity was calemloted



Tebla 1 Hﬂiﬂﬂ‘ﬁﬂiﬁﬁmﬂmﬁumh In-
dian mribal pepulations

Badage ltrubh Koo Kuumdbe Toda
Badagn = 90 20 o 45
trals noiz - 00 20 100
Kot 0.043 a1 - 100 70
Korunba 0044 0030 G063 - 100
Toda 0.060 0075 DOSE 1106 -

Abowve the diagonil are approxinots grographic disances (kan)
sepanting populadons. Below the diagonal are Neis (1972)
sundard gractic distancrs. based on 24 aytosomnal sarkers.
separately for sach lotuws and for all loci conaidered
joindy. A contingency x° analysis (Workman & Niswan-
der, 1970) was wscd 1o trst for heterogeneity in ihe
populattom, which reflects diferences in allele fequen-
cies. Maximum likelihood estimares of the haplotype
frequencies were cabculated tor the mulhsite market
typing data, using the progam HAPLOFREQ
{Majumder & Majumder, 2000). To asess genrtic re-
lationships among the papulations, muladimensional
saling (MDS) analyses were performed by neans of
STATISTICA {(Suock Inc., Tulsa, OK, USA), based
on Nei's {1972) standard genede distance calevlated
with PHYLIP versicn 3.5¢ {(Felsenstein, 1993). I addi-
gon, dendrograms were constructed using the neighbor-
joining {NJ) method, based on Neys (1973) suandard
genstic distance,

Results

Genetic Diivenity and Population
Differentintion

All of the loci were polymorphic in all ofthe populations
(Table 2}, with the excepuon of AWAPQ in the Toda
and CD4del in the Xota and Kurumba. All the R5Ps
and haplotype loci studied were also polymorphic in all
papulations. None of 117 x2 tests for goodness of fir
o Hardy-Weinberg equilibrivnn showed significant de-
panture afier Bonferroni correction for muluple resks was
applied. The average heterozygsicy (or each kacus was
substintial, with several values approaching the thearer-
1eal maximum heterozygosity of 0.3 far 2 biallelic locus,
with the noable exception of the CDMdel locus which
showed low and cansistently minimum heterozygosity
mnal! the populations {results not shoewn). Although high
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Table 1 Alcix frequencies for 24 swnsornal markens and sverage
heverarygoary (4 estinmtes m frve southern Indian tribal popu-
babom

Populations
Markers Badaga [rula Hota Korumbs Tods
otNUC 0625% 05 0567 0.538 L2
AMPY92 D4M 049 00 0713 1,295
AlFX{IR 46] 0640 (LB7E 0594 0,80
AlAFO 0784 0570 D767 05H3 1.000
AMACE 0460 075 622 080G 0,449
AMPLAT 551 0550 D&% D704 0,46
CDdoed GN20 00 0000 000 0.050
ESR ILhE4 0673 D23y OT5% 0.6
MNAT L7088  OT7A0 D411 (ER9 a3
PSR 023 0330 0244 0252 (1207
LY 050 Oe80 077 0759 hL.B88
LPL D716 G540 07y 073 3436
ALR 0552 39RO 0377 053
CYP A 0322 0612 0422 0417 . 184
HOX B4 .47 0510 0556 0404 0.528
ADH2 N5+ 035% (289 0314 0553
ALADRSA 30 0353 Q78 0481 271
ALATY MSD (HELLY 0.2 0233 0222 0.4
DRIDZ/Tagl 'A" 0590 06 0489 0537 0. 794
DRD2/Tagl "B Q657 012 G767 (667 (LN
DED2 gl ‘D 0652 0570 0733 0500 434
F-alobin/HB7 0.340 0220 431 0426 0245
f-globin/HBES 0480 (1547 D444 D565 0.281
A-glohin/HBY 0814 050 098% 0N (1954
Average fr D422 0423 0372 0415 0347

The Fequency indicared for each bi-allelic marker is that of
the presence ol the rsent fur imertion-deletran markers excepr
CIMdd; presence of the deletion for CIMde,; presence of the
resrricrion sice for R4S

hetcrozygosity was expected because these loci wene a3-
certained on the basis thar they were known o be poly-
morphic, an analysis uf the dutribubon of allcle frequen-
cies at loci 2scertained in 2 similar manner indicaces thax
ascertainment lnas alone doss put completely account
for the observed frequency spectrum; the distributions
alko cantzin nformation op the demogriphic history
of human populations (Sherry e af. 1997). Overall, the
averape heterozygasity for cach papulation ranged from
37 (in Toda) vo 9.423 {in Irula), the lowest valpes
being feund in the Toda and Kota (Table 2).

To determine the ameunt of genetic differentiation

among populations, G, values (a mexsure of dw in-
terpopulanon variabiliey) for cach pobpmorphic Sacus
wete determined. The resuits are preseywed in Tabie 3,

Anmabs of Hutan Geneties [(2000) 64, 128118
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Thbls 3 Gene diversity analysls for individual loci and foc all loci

Tabie 4 Haplorype fequency estimabes in five $outheyn Indiy,

conmdared joicdy tribal population
Laci 1ir H; Gar Populations ST
ARMACE 0.471 11,431 0.085  Maplotyper Badsgs  lula  Kow  Kurumby o
ASFXIIIB 0.423 0.381 0.0%8 . Tt
ARAPO 0.384 {.335 .29 o DRODZ
CDdel 0.043 0.042 0.01a  BID2AZ 0313 0162 0441 0145 B3
ANFLAT 0.489 0.463 anaa  B2DMAZ 0.273 0429  0.045 03 D
AMPV? 0.450 0.439 maps BID2AZ 0000 OUMZ D000 {1000 A
| e 0.490 f.454 0452 DIDMAZ naoiz GO OO0 0 000y
ESR. (0.450 .43 0119 B2D2AIL {.078 0021 0089 DRy ﬂ:']'ﬁ."-
NAT (353 0.342 a0y B2DHMAL 2.000 000G 0219 Qa6 00k
PSCR. 0.358 0.3592 ante  BID2AL 0262 0346 0233 D2ys Ny
T2 0.388 0.368 0051 BIMAl - 0063 QUG DO 04047 ey
LPL 0.459 0,424 D076 b Hopladie
ALE 0.499 0.464 poge =+ 4+ 0203 0182 0311 054 n.1a7
CYP 1A 0.476 0.437 o082 (F4-) 0137 005 D000 272 Deig
HOX R4 (1499 0.484 0011 CE—+) 0000 000 D000 0000 gy
ADH?2 0.484 01.459 0054 (- ) 0000 OO0 DG D000 100K
ATATH B.592 0.55% 0055 o 0.123 G2 0132 0133 0.3
DRIZ 0.753 0,702 g -+ - 0017 QB D000 000Ga {60
A-globin 0.674 0.54% 0o03s - — -} 0434 0447 0556 047 0.604
Al Joci 0,406 0,435 o067 (—— -} G028 2 D0IC 001E 0004
v. ALAD :
{= =+ N} G0 0000 Dun 040
separately for mach locus and also for all log taken to- :::‘l' _:::. gg?; 32;3 '[::-233 1223 0.1
. . -+ 21 0178 431 0, 2t
gether. Except for (CDddel, the total genomic diver- - 04 BET? G5 @ g

sity {Hry) amang the subpopuolations was quite high.
Hewever, most of the genede diversity is attributable to
diversity between individuals within populagons (Hs).
The percentage of the total genetic diversity anwibutable
to differences berween populations mnged from 1.1%
for HOXB4 to 12.9% for AMAPC, When ol loci are
Jeinty considersd, 6.7% of the rotal genctic diversity
i auributable o vagation between populatons. Tests
of significanre for heterogencity of populations alsc
showed significant values for 85 our of 160 compar-
mons imvolving insertion/deledon loci and RSPs (data
not shown). The theee haplotype loa showed sipnificant
values in all the conaparisons, with the exception of che
Badaga/ Toda and Irula/Kota for the ALALY locus. Thus,
there are substantial ditferences among populations with
respect to their allele frequencies.

Population Relationships

The high levek of differentiation observed smeng the
groups studied could be explained by: (it 2 common
ancestry, but genetic drift has abtered ancescral gene fre-

quencies, or (i) independent origing, To distingraish he-

132 Aval of Hamen Genetics (2004) 58,1281 38

Haplotypes are lsted a5 Bl, Il and Al alleles for che site-abem
stane for the RUFLE sives while B2, D02 arwl A2 are the site-presanr
alleles for the DRD2 loci. A palymorphic resriconn e i
dennced aa beirg present in 4 pandcular haplorype by 2 (1]
symbol and absen: by 2 {— ) symabol for the A-globin and ATAD
lag,

tween these two hypotheses, we first analyzed the disah-
bution of haplotypes at thres haplotype loci in the fve
studicd tribal groups. With respect to the DRDZ led
{Takle 4a; Vishwanathan et o!. 2003), fovr out of eight
possible haplotypes (B2D2A2, B2D1A2, B2D2A] and
BI1D2ATY wers shared by all five populations and ac-
countad far 78-96% of the haplotypes in each grom
Except BID2A2 (which wis rastricted to the [niah
none of the haplotypes was spectfic to "Nrﬂl‘ilﬂ" or
“non-Negrita” groups, In the §-globin gene {Table b}
the {— — ) haplotype was modal in all ]mpul:ariﬂ.ﬂi
In addition, except for the {4+ = =) haplotypt (wehich
was restricted to the Toda), none of the haplorypes W4
specific to “Negriva” or “nun-Negrito” graups. Qe
wige, the Hb-5 allele oceurs primarily oo the (~ + :HI
haplotype background (Majumder e al. 199%2) which



was present in all che sudy popuiations wath 2 frequency
ranging from (.12 to (.23, Maost Hb-A glleles nccor on
the (4 = =) haplonype backpround which was not
seen in any of the studied populations. Out of the foyr
possitle haplotypes at the ALATY locus {Table 4¢), three
haplotypes {+ — ). {— +J), {~ ) were shaed by all the
populzrions, whilsr the (+ ) haplowype was absent or
virtally absens in all the stndy groups, The haplotype
{= =) was moat prevalent in all groups excepr the Ko-
rvmbe. Ahtogecher, the extensive sharing of haplobypes
by al: five groups i more consistent with a scenario of
COMMoG ancestey than one of independent origine.

To frther distingimsh bervwecn those tao hypotiess:,
the relavionships ameng the study pepuladons were as-
semsed by Caloulating MNeis (1972) sandard ganeric dis-
ances betwern populabons, hased on the 24 markers
fTable 17, The distavices ranged from (030 (berween
Ievla and Kunimba) fo 00106 (betwern Eumumba and
Toda). The Toda showed large generic distances with all
ather gronps (above [1053), whereas all but sue pair-
wize distance values not invalving the Toda wers b
than [ 045, A Mante] test indicared it grogrephic diy-
tances {Table 1) are not ngmificandy corretared with the
geneds dsmnces among the hve study proups (¥ =
0.435; p = 0.104}. This lack of significart corrzlation
mapports the idea of cnhancod genetic drift in these swinadl
and nelated popukidons.

{mnetic varlation insouh ndia

The Milgiri Hills" trival Indiats were sho compared
to 11 ather tribai, and 10 non-t=thal, populadons of In-
dia, veing the data from seven imserdon/daletion loci
presented by Majumder of of. {1909%), Mukhegec « ol
{2C00) and Verrraju ef al. (207) thar are alsa anabyzed in
the present study (.. mNUC, AWPYVE2, AMEXINIE,
AlwAPD), AWMACE, 4lvPlat and CD4del). The MDS
plot of the 26 Indian populabons is orescnted in Fig-
ure 2. Cheerall, the tribal groups tend ta B on the lef-
hand side of the plor, whergs the non-tribal grouss
tend to ol on the pghe-hand side. Regarding the siudy
grodips, the “Negrito” proups (1.e. Irufz 2nd Keruniba)
cluster rogesher with other Indian tribal gronps, 25 do
the Kova. By conlest, Uw Tida and Radag are well
scparated from the ather gibal populations (Figue 2):
the Toda are isolated from all arher gy whereas dhe
Dadaga show closer affinities co non-mibal groupy The
bitrer abrervation could indicatr commaom ancescry of
the Badapa with non-tribal groups, or conld nepresent
ur: artifacs generated by swrensive genetic drift cooar-
ting in the Hadaga. Motcesbly, in an NJ tree, both dhe
Th<da and Badaga were chazacrerized by long branches
(1ot shom), comsiseent with penetic doft oecurring in
these populanons.

in erder ta compare the global rlatosbips among
pepulations, we wsed the availalle Al jnsertion data
Gown Seomieking e af. (1997) and Majumder 2 al.
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Fagure 3 Multdimensional scabing plot depicring the genede reladomhips of 54 world populations, using five Ak insertions
Joii [ARACE, AlFXIIE, AlxAPQ, ALPVEE, AMPLAT). A hypothetical ancesiyal population is sluwn, in which the

frequency of the Al slomens at sach locus is ==t 10 0.

(1999%) that are common to our datazet {i.e. AWACE,
AREXIIE, AvAPQ, AWPVI2, APLAT). The over-
all pattern of the MDS analysis (Figure 3) sugpess
that Indian papuktions in general oecupy an interme-
diate pesidon in berween wost and east Eurasians, as
found previously (Majumnder e of. 1999b). The five
Nilgiri Hills' populacons do not cluster together, bur
all close to other Indian groups. In parteular, the [n-
diany "Negrito” populations do not show any partic-
ubir tes to African populations and are cleatly more
clozely related to other Indian groups than ro African

FToups.

Discussion

It 18 generally thought that Indian triisl populations are
descendants of che original inhabitants of Tndia. Their
mecphological, social and genetic featzres, maintained
in highly endogamous groups, provide a unigue op-
portunity for cxamining heman evointion and pogpu-
lation histories. However, most studies of Indisn pop-

Y3 Annals of Human Genet (200M) 68,1281 58

ulations using DMNA markers have included at mosta
few tribal groups. Likewise, analyscs of Indian pop-
ulabons using 4 large number of highly varied ad
seleceively newmal markers distributed throughour the
genome have primarily focused on neon-teibal groops
{Bawnishad ef af. 2001, 2003: Warking & ! 2001). Thu,
the present investigation was conducted with the god
of analyzing the extent of genetic varatian at & num-
ber of polymorphic autesomal loc from samples of d-
verse tribal population: from souchern ndia, with 2 par
tieular fucns on the origing of partrular groups el
show phenotypic sirmalarities to Afticans (L.e, “MNegr o
chiracteristics).

Populations with “Neprita” features have been re-
ported in southern Asia, southcase Asia aed island south-
east Asia, leading to the suggestion that they might <
resent the signatue of 20 ancient migration from A
(Cavalli-Sforza ot af. 1994). An alternative explanatio?
for these characreristics is phenorypic convergenes I
the former bypothesis is correct, one wauld HF'EFI
the Indian “Negrito” grouvps to show closer genett



affinides :o Aftican groups than oo other “non-MNegrito™
indian groups By comerast, the revesse would be ex-
pecred under 2 scenario of convergence. The cum-
{rarison of autosomal matkers |n “MNegrite™ and “nan-
Megeitn” populatons from southern [ndia suppornts dhe
latter hepothesis. Indecd, onv vesubis companng lndian
population: fe worldeide populations using Al inser-
tion markem convincingly show thae af] MNilgie 1 Ll
teibal groups (regarrless nf their phenmypic charactens-
tics) are move close'y relared 1o orher Indian g-oups than
thev acc o Alrican groups (Bigure 3}, 1otercstingly, En-
dicae e al, (2003a) also scgygested chat che “MWeprirg™
featores of tne Andamon Islanders fin southezsr Aga)
are due m convergence rather then to commen ances-
try with Africans. These resolts :mp]'ia.n'zc the limics
of morphological dassificanons for wnferring popaiation
selapionships.

Therefore, our mesuls wuggest that southers: Tudiao
tribal populations share a common ancestry, atthough
thev are morpholopgically diverse, What aps (e genern
characteristizs of these populitions? And what evolo-
Honary forces generatcd the abserved patte-nz? Poly-
morphic Al iosertions showeed Dol lewels ol poly
mo-phism in the tribal populators of south lodia, as
foond previowsly bor ather groups fram indm {Ma-
jumder e al. 19950, Mukherees o o 2000, Ve
ef i, 2001% ard chewhere (c.g, Batrer meal 1994, 1996,
Stoneking o ol 1997 Strilarly the K5 and hap-
lorype loci also showed high levels ol polymorplism
iz the stodied groups, in good agrcement with earkier
reparts on global populations (Jurde of of 1995 Kidd
et . 199B}. [n the preseae smady, the sstimated Jevels
of svarape licoernavgositics wrere cantiaprly hiph 1o all
the populations. The hererogygosty levels were sri-
lar to those of othzr Indian populations wsing auclear
DMNA mackers (Majumicer ef . 15590 Minkhenee ctal.
2000, Veersapu e 2l 2001}, Inscrestingly, rhe average
heteruey punity lsveh wele higher than in other global
populations studied {Eurspe 20d America), with the ex-
ceptinn uf Afpcan populitiens (Stoneking a af. 1957
Muwirk @ al. 1998 Thus, che amtoscmal PNA magket:
artest thar the study groups exhibic high levels ol generic
drersity.

The exwerw of genetic differentation based on 24
palymorphic markets for the five southamn Jodian riba!
populadans (G, = 6.7%) is higle: than that ckseyved 1

GENETH YArMTonN F south [ndia

other pare of india {(Mukhetjes et e, 2000; Veorraju et al.
200713, bure smaklcre thar, condaestal-love] estimares basod
on sutosomel BOSPs and microsarellives iBowcock et al.
1991; Deka o al 19%5; Harbujani of ol 1997; Swonek
g o af. 1997 Novick e ol 1995; Jorde e al. 2000
Wakins ef al. (2001) repartsd a G, value of 2,4% for 12
Indian pogulabon: ustng Akt ineroinn polymorphisms,
which s about ane tind of dwe Gy value estimazoed o the
aresent study. Thus 1 substaraial incarpopulation vari-
abilicy was ebserved in the sudy populations, Various
analyses based on genedc distances among population:
cotroborated ths fnding. Purthermare, the laear anal-
yiry abso suggested that the proces of genete differenn-
ation ot the south Indian <ribal geoops bas heen accen-
wiamd by genctic dritt, The likely kev-rolr of genenc
drift ir shaping genetic varaden in soudh India 15 fir
ther supporizd by drematic aliele lequency difterencey
observed 1o the populstons. [n addifon, sore groups
surh a5 the Tody showed large oenenc distances wo cher
ether anlab meighleas, as well as swatles averape Liet-
erogyEosity levels, Thoouzh the passape of cime, crift
muost have played an important rebe i the penetic dif-
ferenrial ion of tarse small and solated populaticons {i.e.
[our out of the five scudy groups bove consos £zes les
than 10.000),

Lhnder diift condinons, ene waild expezt not coly
hizle differentiacan pmong populadons, but abe te-
duced diversitv. However, we have presented evidence
that, with respect to autesermal DDNA palymorphians,
the seactk lndian population: show high kevek of het-
emzygosity. This obsenaton may be explained by pop-
placion hostory, for exanple w2 high inflow of genes
it tie study popolationt {zesulenpy in high bewrozy-
poeities), but diffcrone populations naving received al-

leles Fom diderent sowwes {resulting in high devels of

genctic diferendaden). However, thers is no evidence
fromr: the audcopolopioad hiertare to support die y-
pothesis that the different study populanion: have had
an tnflow ol getes frown diffcrent external sources. and
pur genebc amdvses sopal o cosuuon ancesiey oy all
Indivo groups. Another possihle scenario valves an
rady infloar of penes into 2 populaton, llowed by 2
rapid expancicn of this populaticon [resolinge inchigh her
erocygositie), and subsequent splits of this population
inro argely solated {endogamaons; popalatons (resule-
ing in fugh levels of genctic differentiacen?. A chird
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possibility & that the hagh divensity suggested by anto-
somai markers may reflect a lack of sensitivity and/ar
ascertpinment brias of these bi-allehic markers, since they
were selected becanse they are knowa to be polymaor-
phic in the Indisn subcontinent. Mirachondnial DINA
analyses in other south [ndizn tribal groups support this
explanation, as both high differentation between groups
and low diversity within groups is observed (Cordaux
&t af. 2003},

Thus, both mtDNA apd autosomal evidence puint
to @ high genete differentiation of south Indian ribal
groups, consistent with the vcourrence of drift in these
populations, However, it remains to be determined
whether the effects of genctic drift tesnit from 2 re-
cent and strong: bottleneck (possibly as 3 consequence of
the Indo-European nugration to [ndia sorne 3,500 years
apo; Cordaux er al. 2003) or from the long-lasting
maimenance of a small and constant populadon size.
it i3 conceivable thac both hypothoses are correct, since
mtDNA sequence data are more likely to caprure re-
vent demographic svents, wheress autosomal markers,
because of their fonrfold larger effective populadon size,
are [ess semgitive to recent events and mote likely to re-
fect older or Jong-term demographic events.

In conclnsion, the present study suggests thar the
rribal groups of southern India share a common ancesiry,
regardiess of phenotvpic characteristics, and are more
closely relared o other Indian groups than to African
groups. Bascd on 24 gurosomal loci, they appear 1o show
high levels of genetic diversity and genetic difterenria-
ton. Several lines of evidence sngpest that penenc drife
has been the major evolubonary force to shape genetic
variation in these popuiations. This represents an impor-
tant feaure of tribal populations of south India, which
has to be mken into account in aoy attemnpt to recon-
struct the history of these popolariors.,
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