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COII/tRNALYS Intergenic 9-bp Deletion and Other mtDNA
Markers Clearly Reveal That the Tharus (Southern Nepal)
Have Oriental Affinities
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Summary

We searched for the East Asian mtDNA 9-bp deletion in the intergenic COII/tRNALYS region in a sample of 107
Tharus (50 from central Terai and 57 from eastern Terai), a population whose anthropological origin has yet
to be completely clarified. The deletion, detected by electrophoresis of the PCR-amplified nt 7392-8628 mtDNA
fragment after digestion with HaeIII, was found in about 8% of both Tharu groups but was found in none of
the 76 Hindus who were examined as a non-Oriental neighboring control population. A complete triplication
of the 9-bp unit, the second case so far reported, was also observed in one eastern Tharu. All the mtDNAs with
the deletion, and that with the triplication, were further characterized (by PCR amplification of the relevant
mtDNA fragments and their digestion with the appropriate enzymes) to locate them in the Ballinger et al.
phylogeny of East Asian mtDNA haplotypes. The deletion was found to be associated with four different
haplotypes, two of which are reported for the first time. One of the deletions and especially the triplication
could be best explained by the assumption of novel length-change events. Ballinger's classification of East Asian
mtDNA haplotypes is mainly based on the phenotypes for the DdeI site at nt 10394 and the AMuI site at nt
10397. Analysis of the entire Tharu sample revealed that more than 70% of the Tharus have both sites, the
association of which has been suggested as an ancient East Asian peculiarity. These results conclusively indicate
that the Tharus have a predominantly maternal Oriental ancestry. Moreover, they show at least one and perhaps
two further distinct length mutations, and this suggests that the examined region is a hot spot of rearrangements.

Introduction

The Tharu population lives mainly in Terai (southern
Nepal), but some also live in Uttar Pradesh (India). Ne-
palese Tharus are concentrated in three groups in west-
ern, central, and eastern Terai (fig. 1). Until the 1960s,
they were the only large permanent population to in-
habit this previously heavily malaric area. Thereafter,
malaria was almost completely eradicated. Since then, a
massive immigration of other groups has taken place, so
that the Tharus-about one-half million people-con-
stitute only a minority in the present, highly heteroge-
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neous population of Terai (Terrenato et al. 1988). On
the basis of their physical features (Bista 1980) and of
immunoglobulin markers (Chopra 1970), the Tharus
are considered to be of East Asian extraction, although,
when compared with other Oriental populations they
are generally darker (Bista 1980). According to several
popular stories, however, they are said to be largely
derived from women who fled to Terai from Rajasthan
-a Hindu area-at the time of the Islamic invasions
(the 10th-12th centuries).

Studies on a number of mtDNA markers (Brega et al.
1986; Passarino et al. 1992) provided further support to
the hypothesis of the Oriental origin of the Tharus. On
the other hand, these studies, together with those on
the distribution of malaria-related genes (Modiano et
al. 1991; G. Modiano, unpublished data), showed a con-
siderable degree of heterogeneity between western-
central and eastern Tharus.
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Figure I Map of Nepal showing the Terai areas inhabited by the Tharus. Arrows indicate the Chitwan (central Terai) and Morang
(eastern Terai) districts where samples were collected.

An important marker to detect Oriental affinities is
the 9-bp deletion of one of the two tandem repeats
(CCCCCTCTA) between nt 8272 and nt 8289 in the
COII/tRNALYs intergenic region of human mtDNA

(Cann and Wilson 1983; Wrischnik et al. 1987). This
marker was found in Polynesians (Hertzberg et al.
1989), Native Americans (Torroni et al. 1992), and Pa-
cific coastal peoples (Ballinger et al. 1992), and it is

Table I

Oligonucleotide Primers and Conditions Used for mtDNA Amplifications

PRIMERS (5T o3t)a AMPLIFICATION CONDITIONS

Forward Reverse Denaturation Annealing Polymerization

534-ao553 1696--K1677 930C for 30 s 570C for 60 s 720C for 60 s
3007- 3023 4508-*4489 930C for 30 s 550C for 60 s 720C for 60 s
3951-*3970 5917- 5898 930C for 30 s 61'C for 60 s 720C for 60 s
5720-a)5738 7608-*7588 930C for 30 s 570C for 60 s 720C for 60 s
7392- 7410 8628-ao8608 930C for 30 s 570C for 60 s 720C for 60 s
8282-D8305 10107- i10088 930C for 30 s 570C for 60 s 720C for 60 s
9911-49932 11873..K11851 930C for 60 s 690C for 60 s 720C for 60 s

11711- K11727 14208- K14190 930C for 60 s 490C for 60 s 720C for 120 s
13914- o13930 15865- )15845 960C for 40 s 470C for 60 s 720C for 60 s
15553-*15569 725-1706 96°C for 40 s 45°C for 60 s 72°C for 60 s

a The primer coordinates are given according to the Anderson et al. (1981) sequence.
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Figure 2 Electrophoresis of the amplified nt 7392-8628 frag-
ment digested with HaeIII. Fragment sizes are in bp. Arrows indicate
variant fragments. A, Lanes 4,6, and 7, Variant patterns due to single-
base changes. Lane 4, Site loss at 8572. Lane 6, Site loss at 8250. Lane
7, Site loss at 8391 and site gain at 7792 (or 7789). Lanes 1-3, 5, 8,
and 9, Normal patterns. B, Lanes 1-5, Variant patterns due to length
variations. Lane 6, Normal pattern (141-bp band). Lanes 1, 3, and 4,
Samples with the 9-bp deletion (132-bp band). Lane 5, Control sam-

ple with the deletion. Lane 2, Sample with the 9-bp triplication (150-
bp band).

considered to be an indicator of Asian affinities in these
populations. Furthermore, the occurrence of the 9-bp
deletion in many distinct mtDNA haplotypes has been
exploited to reconstruct the possible radiations of
various groups within the Oriental major race (Horai
and Matsunaga 1986; Cann et al. 1987; Stoneking et al.
1990; Ballinger et al. 1992; Harihara et al. 1992;
Torroni et al. 1992). A detailed analysis of Southeast
Asian mtDNA haplotypes interrelated in a maximum
parsimony tree allowed 20 distinct groups to be identi-
fied, which, on the basis of the polymorphisms of DdeI
at nt 10394 and AluI at nt 10397, cluster into two major
branches (Ballinger et al. 1992). This analysis also indi-
cated that southern China is the center of Asian
mtDNA radiation.
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Figure 3 Sequencing analysis. A, Deletion. B, Triplication.

Table 2

Distribution of the Variants Found in the Tharus and

t141 Hindus, after Haeil Digestion of the nt 7392-8628
mtDNA Fragment

No. of No. of
Variants Status Tharus' (%) Hindusb (%)

Sites:
8250 ............ - 3 (2.8) 3 (3.9)
8572 ............ 2 (1.9) 1 (1.3)
7792 ............ +
8391 ............ 1 (1.3)

No. of 9-bp repeats:
1 8 (7.5)
3 1 (.9)

N= 107.
bN = 76.

We carried out a search for the COII/tRNALYS 9-bp
deletion in the Tharus to verify their Oriental affinities,
to further investigate heterogeneity between central
and eastern Tharus, and to determine, through a more
detailed analysis of the mtDNAs with the 9-bp deletion
(if any), how these molecules are phylogenetically re-
lated. A sample of Hindus were also studied for compar-
ative purposes.

Material and Methods

The sample consisted of 183 individuals, of which
107 were Tharus (57 from eastern Terai, Morang dis-
trict, and 50 from central Terai, Chitwan district) (fig.
1), and 76 were Hindus (30 from Chitwan and 46 from
New Delhi); the latter were taken as a non-Oriental
neighboring control population. The absence of close
relationships between these individuals was ascertained
through interview data.

PCR Analysis
All samples were analyzed by PCR amplification and

HaeIII digestion of the fragment between nt 7392 and
nt 8628 of the mtDNA sequence (Anderson et al.
1981). mtDNA of the nine samples showing length mu-
tations was amplified by PCR in 11 overlapping frag-
ments and digested with the enzymes (tables 3-5) neces-
sary for a detailed haplotype characterization according
to Ballinger et al. (1992). In addition, all the Tharu sam-
ples were examined for the sites DdeI at nt 10394 and
AluI at nt 10397 by digesting the amplified nt 9911-
11853 mtDNA fragment. Primers and amplification
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conditions for each fragment are given in table 1. Reac-
tions were performed in a final volume of 100 p.1 con-

taining 10 mM Tris-HCI (pH 8.3, at 250C), 50mM KCI,
1.5 mM MgCl2, 0.01% (w/v) gelatin, 0.2 mM of each
dNTP mix, 0.3 gM of each appropriate oligonucleo-
tide primer, 2.5 U of Taq DNA polymerase (Promega),
and about 250 ng of genomic DNA. The reaction mix-
tures were overlaid with 1-2 drops of mineral oil
(Sigma). At the end of each amplification (35 rounds),
the incubation was prolonged for 10 min at 720C. Am-
plifications were verified by electrophoresis of 5 jId of
each product on 0.85% agarose. Ten microliters of
each amplified fragment was digested for 3 h with 4 U
of the appropriate restriction enzymes. DNA digests
were electrophoresed in 2.5% NuSieve GTG + 0.9%
SeaKem ME agarose gel (FMC Bio-Products) contain-
ing 1 gg ethidium bromide/ml. Restriction patterns

were determined with UV fluorescence.

Sequencing Analysis
Sequencing analysis was carried out with the f-mol

Sequencing Kit (Promega) by using the fragment nt

7392-8628 (amplified as described above) as template.
The primer, CTACGGTCAATGCTCTG, which corre-

sponds to nt 8161-8177 of the mtDNA sequence (An-
derson et al. 1981), was radiolabeled by incubating a

mix containing 10 pmol of the primer, T4 Kinase (5 U)
with the supplied buffer and [,y32P]ATP (10 pmol) for 30
min at 37°C in an Eppendorf tube. The reaction was

stopped by heating the mix for 2 min at 90°C. Three
picomoles of the 5'-labeled primer was added to a tube
that contained the template DNA (about 100 ng), and
sequencing buffer was added to a final volume of 16 pl.
This mix was subdivided into four tubes, each contain-
ing all four deoxynucleotides (16 gM each) and one

dideoxinucleotide (about 200 ,uM). To the tubes were

then added 1.25 U of Taq polymerase sequencing grade
and a few drops of mineral oil. The tubes were trans-

ferred into a Perkin Elmer Cetus cycler for the amplifi-
cation. The program consisted of 30 rounds, with the
following three steps each: 95°C for 30 s (denatur-
ation), 55°C for 30 s (annealing), and 70°C for 60 s

(polymerization). The reaction was stopped by the ad-

Figure 4 Simplified illustration of Ballinger's phylogeny of
Southeast Asian mtDNA haplotype groups. The main classification
based on the DdeI10394, AluI10397 phenotypes is indicated, whereas the
various haplotypes that belong to each group with their additional
mutations are not reported. Circles indicate those groups (C and D*)
that comprise only haplotypes with the 9-bp deletion. Branch length
is not meant to be proportional to numbers of mutations. Each of the
groups A, B, and F include, inter alia, one haplotype with the deletion

(HtA). While for the HtA A the deletion may have a common origin
with other HtsA, two new deletion events were postulated for the
HtsA B and F because they are separated by numerous mutations (not
reported in this scheme). Htv indicates a haplotype with a 4-bp inser-
tion in the same region as that in which the two tandem repeats
occurred. HYPANC = Hypothetical ancestor.
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Table 3

The Haplotypes of the Five Ddell*03% Al1*397 (+-) Samples with the Deletion, Belonging to the C Group of Ballinger's
Classification

DdeI/ Hinfl/
MboI AMA HaeIII DdeI AluI DdeI DdeI XhoI TaqI MboI AluI TaqI

Haplotype' N 3090 3534/37 6957 10394 10397 10746 11146 14157 14168 15234/35 16254 16512

55 ....... 1 - -/- - + - - - - - -/+ - -
60 ...... 2 - + + - - + - - -/+
Tharu b 2+ + - + + -2 - /

NOTE.-In boldface are the features which, when added to the deletion, characterize the C group. Slashes indicate two phenotypes produced
by a single event.
aTo classify these haplotypes according to Ballinger et al. (1992), all the sites for which the authors found variation within the C group were

examined.
b This new type can be derived from type 60 by a single DdeI site gain at nt 10746.

dition of 3 g1 of a stop solution that contained 10 mM
NaOH, 95% formamide, 0.05% bromophenol blue,
and 0.05% xylene cyanol. The samples were denatur-
ated at 70'C for 2 min and were loaded in a 0.4-mm
thick, 6% polyacrylamide sequencing gel. After electro-
phoresis the gel was exposed for autoradiography with-
out intensifying screens for 12-24 h.

Nomenclature
Since, on several occasions, different mtDNA

morphs and types were given the same (numerical) sym-
bols, we adopted a compound symbol (i.e., 1ThI), as
for hemoglobin variants. The phenotypes for the DdeI
site at nt 10394 and the AluI site at nt 10397 are indi-
cated by the restriction enzyme symbol, with the site as
a subscript and with, in parentheses, a plus (+) for site
presence and a minus (-) for site absence.

Results

Figure 2 shows the electrophoretic patterns for some
amplified nt 7392-8628 fragments, after HaeIII diges-
tion. We observed, in addition to the most common
pattern, five variant phenotypes: three were due to sin-
gle-base substitutions (fig. 2A), and two were caused by
length variations (fig. 2B).

In figure 2A, lane 4, fragments of 181 and 56 bp are
missing because of the site loss at nt 8572, which pro-
duces a new 237-bp band. The pattern in lane 6 is de-
termined by a site loss at nt 8250, which causes the
fusion of the two 141- and 364-bp contiguous frag-
ments into a new 505-bp fragment. Both of these vari-

ants have been described elsewhere (Cann et al. 1987;
Stoneking et al. 1990; Ballinger et al. 1992).
The pattern shown in lane 7 is due to the combina-

tion of two different changes: a site loss at nt 8391,
which produces a new 322-bp band (fusion of the 141-
and 181-bp fragments), and a site gain, which splits the
389-bp fragment into two new ones of about 290 and
100 bp. Of the two latent sites, one at nt 7789 and the
other at nt 7792, which are compatible with the ob-
served pattern, the latter is the more likely because its
variation does not change the amino acid sequence.
Though both the mutations yielding this pattern have
also been described, the pattern is new because they
were observed separately, in two distinct mtDNAs
(Cann et al. 1987; Ballinger et al. 1992).

Figure 2B shows variant patterns for length polymor-
phisms. The 141-bp band (lane 6), which harbors the
normally sized COII/tRNALYS region, is replaced in
lanes 1,3, and 4 by a faster one (132 bp), the position of
which corresponds in all cases to that (lane 5) of a con-
trol sample with the COII/tRNALYS Oriental deletion.
In lane 2, the 141-bp segment is replaced by a slower
band of 150 bp.

Sequencing of the fragment of interest in two sam-
ples with the faster band (fig. 3A) confirmed in both
cases the classical 9-bp repeat deletion (Cann and Wil-
son 1983; Wrischnik et al. 1987). Sequencing of the
sample with the slower band showed the insertion of a
third copy of the 9-bp repeat (fig. 3B). The frequency of
all these variants is reported in table 2.
To better characterize the eight mtDNA molecules

with the deletion, we analyzed them for the most infor-
mative RFLP sites of the Ballinger et al. (1992) classifica-
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Figure 5 Relationship of the Tharu length-variation haplotypes with Ballinger's mtDNA phylogeny, in which the mutational steps
are given in detail. Only the relevant part of this phylogeny is illustrated. Squares enclose C and E group characteristics. Dashed lines
enclose haplotypes of the C group. ( ) = undiscovered intermediate haplotypes; 0 = Ballinger haplotypes; ID = Ballinger's haplotypes
found in the present study; and ,', = haplotypes found only in the present study. The order of the intermediates required for types 2' and
3Th is arbitrary, with the exception of the first intermediate in the 3Th pathway. The MspI/AvaII mutation at nt 15487 was found in about
20% of the sample, while triplication and the TaqI site at nt 266 were present in only one subject. Haplotypes 60 (2 subjects) and 1Th (2
subjects) were found in central Tharus; haplotypes 55 (1 subject) and 2Th (3 subjects) were found in eastern Tharus.

tion (fig. 4). On the basis of the two main sites (DdeI at
nt 10394 and AluI at nt 10397) of this classification, five
samples (four in central Tharus and one in eastern
Tharus) were Dde110394, AluI10397 (+ -). Thus they
showed the basic features of the C group. The remain-
ing three samples (all from eastern Tharus) were

Dde110394, AluI10397 (+ +) and were of an unclear deriva-
tion.
We obtained a more detailed haplotype classification

within the C group of the five Dde110394, AluI10397 (+ -)

samples by analysis with the appropriate enzymes (table
3). One of these samples was classifiable as haplotype
55, two were classifiable as haplotype 60, and the re-

maining two showed a new type, which we named ha-
plotype 1lTharu and which could be considered as a

single-step derivative from haplotype 60 (fig. 5 and
table 3).
We characterized the three Dde110394, AluI10397 (+ +)

samples by analysis with 15 restriction enzymes (table
4). All samples exhibited a new haplotype which we
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Table 4

The Haplotype (2Th"m) of the Three Ddel,0494, Alul*,n, (++) Samples with the Deletion

No. of DelI/AluIa AluM RsaI DdeI Alul HaeIII
Haplotype Repeats 3534/37 675 8270 10394 10397 16517

2Thu ...... 1 +/+ + + + + +
Cgroup ... 1 - - + - +
Egroup ... 2 +/+ - - + + +

NOTE.-For comparison, the relevant features of the C and E groups of Ballinger's classification are also
reported. The haplotype 2`hlr1 and features characterizing each group are in boldface. The samples were
analyzed with the following 15 enzymes: AluM, AvaIl, BamHI, DdeI, HaeII, HaeIII, HhaI, HincII, Hinfl,
HpaI, HpaII, PstI, RsaI, TaqI, and XbaI. Only the variant sites have been reported.

a Slashes indicate two phenotypes produced by a single event.

called haplotype 2TI'ru. This haplotype differed greatly
from the only two haplotypes of Ballinger's phylogeny,
which carried both the Dde110394, AluI10397 sites, to-
gether with the deletion (fig. 4, HtO in B and F). These
haplotypes, in turn, differed to the extent that each was
interpreted as the result of a repeated deletion event
(Ballinger et al. 1992).
As shown in table 4 and figure 5, the haplotype 2TIru

can be derived either from a precursor of the C group or

from the E group. In the second case, a new deletion
event is required.

The haplotype with the triplication, which we called
haplotype 3am, very likely derives from the E group

through two intermediate types (table 5 and fig. 5).
Recently, it was suggested that, while the DdeI poly-

morphism at nt 10394 has been found in every major
ethnic group (Cann et al. 1987; Brown et al. 1992), the
combination of the two sites Dde110394, AluI10397 (+ +)
represents a very ancient Asian marker that is particu-
larly frequent in Southeast Asian populations (Ballinger
et al. 1992; Wallace and Torroni 1992). We therefore
extended the analysis of these sites to the whole Tharu

sample. Digestion of the mtDNA (nt 9911-11873)-am-
plified fragment with the above-mentioned enzymes
split the Tharus into two (DdeI10394, AluI10397 [+ +] and
[- -]) major phenotype clusters, as occurs with the
other Asian populations. As shown in table 6, the
DdeI10394, AluI10397 (+ +) phenotype, which represents
about 50% of the previously studied East Asian popula-
tions (Ballinger et al. 1992), accounts for more than
70% of both the central and eastern Tharus. Very few
DdeI10394, AluI10397 (+-) mtDNAs were found in any
of these groups (table 6), and most of them (all in our

sample) carry the deletion.

Discussion

We searched for the deletion of one of the two 9-bp
repeats, between nt 8272 and 8289 in the COII/
tRNALYs region of human mtDNA (Cann and Wilson
1983), in the Tharus of Terai. We used this valuable
Oriental marker (Wrischnik et al. 1987) to support the
commonly accepted, but still debated, hypothesis of
this population's Oriental extraction. The marker's oc-

Table 5

The Haplotype (3'") of the Sample with Triplication

No. of TaqI DdeI AluI MspI/AvaIIa HaeIII
Type Repeats 266 10394 10397 15485/487 16517

3Th 3 + + + +/+ +

NOTE.-The features characterizing the E group (Ballinger et al. 1992) are in boldface. The sample was
analyzed with the following 15 enzymes: AluI, AvaIl, BamHI, DdeI, HaeII, HaeIII, HhaI, HincII, Hinfl,
HpaI, HpaII, PstI, RsaI, TaqI, and XbaI. Only the variant sites have been reported.

a Slashes indicate two phenotypes produced by a single event.
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Table 6

Distribution of Ddel,3,4, Alu1,39, Phenotypes in the Tharus

No. (%) IN

PHENOTYPE Central Tharusa Eastern Tharusb Whole Samplec East Asiansd

++...... 37 (74.0) 41' (73.2) 78 (73.6) 69 (45.1)
+-f ....... 4 (8.0) 1 (1.8) 5 (4.7) 7 (4.6)

....... 4 (2.6)
--...... 9 (18.0) 14 (25.0) 23 (21.7) 73 (47.7)

aN = 50.

bN = 56.
CN = 106.
dFrom Ballinger et al. (1992). N = 153.
' Includes three samples with the deletion and one with the triplication.
f All of these mtDNAs carry the deletion.

currence at an appreciable frequency (7.5%) in both
groups of the Tharus examined and its absence from the
sample of 76 Hindus (table 2) support the hypothesis.
We also observed a case of triplication of the same

9-bp unit. As far as we know, this is the second instance
of a complete triplication of this repeat, the first having
been found by Shields et al. (1992) in a single Chukchi
from Siberia.
The relationships between the Tharu deletion or trip-

lication mtDNA haplotypes and those of the phylogen-
etic tree of Ballinger et al. (1992) are shown in figure 5,
where only the relevant part of that tree is represented.
Four different deletion haplotypes were observed in the
Tharus, three of which fall into the C group with a new
single-step derivative, haplotype 1Tharu; the fourth, hap-
lotype 2Thanj, is another new haplotype which can be
related, through three steps, either to the C or the E
group. The derivation from the C group requires a new
AluI site gain at nt 10397, whereas that from the E
group requires the occurrence of a new deletion event.
The second hypothesis appears more likely because it
requires a less rare event: five length changes in the
relevant region and only one acquisition of the AluI10397
site are postulated in Ballinger's parsimonious tree.
The mtDNA with triplication derives from the E

group through two intermediate haplotypes. Although
we cannot directly compare the Tharu triplication with
that of Shields et al. (1992) (the latter mtDNA haplo-
type is not known), we believe that they have a distinct
origin. The Tharu triplication is on an mtDNA mole-
cule that carries a mutation (an A-to-G transition at nt
15487) which is very frequent (20%) in eastern Tharus

(Passarino et al. 1992) and which has never been re-
ported for any other East Asian group. The triplication,
therefore, must have occurred in a molecule with the
mutation that is peculiar to the Tharus.
To summarize, Ballinger et al. (1992) postulated at

least three deletion events and two cases of partial tripli-
cation, one of which had been described elsewhere
(Cann and Wilson 1983). This survey has found what is
probably a new deletion event (haplotype 2Tha'), to-
gether with a complete triplication. The origin of the
latter is most likely independent of that found in Siberia
by Shields et al. (1992). Taken together, these findings
suggest that this region of two 9-bp repeats is a hot spot
of rearrangements.

Apart from sporadic cases, all the identified deletion
mtDNA haplotypes cluster in the C and in the D*
groups (fig. 4). The C group is considered to be the
oldest one because it includes the most divergent haplo-
types, which are spread throughout Southeast Asia
(Ballinger et al. 1992). The D* group is also frequent in
Asia and, in addition, encompasses all the deletion hap-
lotypes found in Native Americans (Torroni et al. 1992)
and in Papua New Guinea (Stoneking et al. 1990; Bal-
linger et al. 1992.) On the other hand, no deletion haplo-
type of the Tharus falls within the D* group (fig. 5).
This suggests that the Tharu mtDNA originated from
an Oriental mtDNA that differed from that of the popu-
lations who migrated toward the Pacific Islands, and
northward, through Siberia, to the Americas.
With regard to the question of a possible genetic

heterogeneity within the Tharus, it should be pointed
out that the mtDNA deletion haplotypes of the central

616



East Asian mtDNA 9-bp Deletion in the Tharus 617

Tharus differ from those found in the eastern Tharus
(fig. 5). While it is clear that a larger sample of deletion
cases is required to answer the question, the observa-
tion is in line with the heterogeneity revealed by other
markers. Two examples of this heterogeneity are pro-
vided both by differences in the frequency of the HaeII
morph 5, which accounts for 25% of the central Tharus
and for 9% of the eastern Tharus (Brega et al. 1986;
Passarino et al. 1992), and by the extreme heterogeneity
of the a-thalassemia gene (G. Modiano, unpublished
data).

Irrespective of the possible occurrence of an intra-
Tharu heterogeneity, these two Tharu subgroups, al-
though in close vicinity to an overwhelming Caucasoid
population (i.e., Hindus), display both morphological
(Bista 1980) and genetic (Chopra 1970; Brega et al.
1986; Passarino et al. 1992, and present paper) Oriental
features. This strongly implies that they have a common
origin, and the implication is further supported by the
identical and particularly high frequency of the
DdeI10394, AluI10397 (+ +) combination in each of the
Tharu groups (table 6).

In summary, (1) 74% of the Tharus (including all
those individuals with the classical HaeII morph 5 Ori-
ental mtDNA marker and three individuals with the
9-bp deletion) have the DdeI10394, AluI10397 (+ +) pheno-
type; (2) all of the few encountered DdeI10394, AluI10397
(+ -) mtDNAs carry the East Asian deletion; and
(3) one-third of the 22% DdeI10394, AluI10397 (- -)
mtDNAs (7% of the total sample) are HpaI/HincII
morph 1, one of the first recognized Oriental mito-
chondrial markers (Denaro et al. 1981; Blanc et al.
1983).

Although more extensive studies are required to pre-
cisely quantify the value of the DdeI10394, AluI10397
(+ +) phenotype as an indicator of Oriental affinities,
we conclude that a substantial part of the Tharu
mtDNAs are East Asian varieties. Thus, popular stories
claiming a predominant Hindu maternal ancestry for
the Tharus seem to be disproved by genetic data.
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