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Summary

Background: The Andaman Islands in the Bay
of Bengal are inhabited by hunter-gatherers of
unknown origin, now on the verge of
extinction. The Andamanese and other Asian
small-statured peoples, traditionally known as
“Negritos,” resemble African pygmies.
However, it is generally believed that they
descend from the early Australo-Melanesian
settlers of Southeast Asia and that their
resemblance to some Africans is due to
adaptation to a similar environment, rather
than shared origins.

Results: We analyzed mitochondrial DNA
(mtDNA) sequences and RFLP
polymorphisms, and Y chromosome biallelic
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markers and microsatellites, in present-day
Andamanese of the Onge, Jarawa, and Great
Andamanese tribes, and of inhabitants of the
neighboring Nicobar Islands. We also analyzed
mtDNA sequences from Andamanese hair
samples collected by an ethnographer during
1906-1908. Living Andamanese exhibit low
genetic variability that is consistent with their
small population size and reproductive
isolation.

Conclusions: Our data indicate that the
Andamanese have closer affinities to Asian
than to African populations and suggest that
they are the descendants of the early
Palaeolithic colonizers of Southeast Asia. In
contrast, the Nicobarese have genetic affinities
to groups widely distributed throughout Asia
today, presumably descended from Neolithic
agriculturalists.

Introduction

The native inhabitants of the Andaman Islands
of the Indian Ocean (Figure 1) are one of
several isolated groups of small-statured
hunter-gatherers, sometimes known as
“Negritos,” who survive in isolated parts of
Asia, like Malaysia and the Philippines [1].
The Andamanese earned a reputation for
ferocity due to their violent resistance to
foreign intrusions. They remained
comparatively isolated from the outside world
until the establishment of a British penal
settlement in the islands, after the Indian
Mutiny of 1857. The British befriended one of
the tribes, the Great Andamanese, and
employed them as bush police to recapture
escaped convicts. The Great Andamanese
suffered the brunt of colonialism, and, in the
19" and 20" centuries, their number collapsed
from several hundred to a few dozen
individuals. The Andaman and Nicobar Islands
are now part of the territory of the Republic of
India, with local administrative headquarters at
Port Blair in the Andamans.

The origin of the Andamanese has been the
subject of speculation for centuries. As
recently as 1973, an author wrote, “I cannot
explain the Andamanese, and nothing is known
about their past” [2], and little more is known
today. The Andamanese are near extinction
following the population reduction caused by
“pacification” and disease. Most of the
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present-day inhabitants of the islands stem
from the Indian mainland. Of the dozen
linguistically distinct tribes who populated the
islands in the early 20" century, only four
survive, the Sentinelese, Jarawa, Great
Andamanese, and Onge, with a combined
population of 400-500 individuals. The first
two groups still maintain a traditional forest-
dwelling lifestyle, while the Great
Andamanese and Onge are settled and receive
food and other aid from the Indian government

[3].

The Andamanese and other Asian “Negrito”
peoples share physical features, including short
stature, dark skin, peppercorn hair, scant body
hair, and sometimes steatopygia, with African
pygmies. But, whereas the Asian pygmoid
people from Southeast Asia to New Guinea
resemble Melanesians in their cranial
morphology, Andamanese crania resemble
more closely those of Africans [4]. However, a
1950s study on blood groups and proteins
suggested that the Andamanese were more
closely related to Oceanic peoples than to
Africans [5]. Genetic studies on Philippine
Negritos, based on polymorphic blood
enzymes and antigens, showed that they were
similar to surrounding Asian populations and
rejected the notion that they belonged to an
ancient stratum of Homo sapiens in Asia [6].
The most favored current explanation of the
origin of the Andamanese and other Negritos is
that they are short-statured representatives of
the early Australo-Melanesian settlers of
Southeast Asia and Oceania, and not closely
related to the African pygmoid peoples [7]. It
has been suggested that the small stature of
some nomadic hunting and gathering peoples
in Asia and Africa might be a local adaptation
to a tropical rainforest environment, rather than
the result of a shared ancestry [8].

Little is known also about the Nicobarese
peoples, who inhabit a small archipelago south
of the Andamans as well as scattered locations
in the Andaman Islands. They are thought to
be related to the Malays and Burmese, and
they speak dialects related to Mon-Khmer and
the languages spoken in Vietnam, Malaysia,
and parts of northeast India [9]. This view is
supported by the result of mtDNA sequence
analysis on 33 Nicobarese Islanders, which
indicated affinities to populations of mainland
Southeast Asia [10]

We present DNA sequence data on Y
chromosome markers, and maternally
transmitted mtDNA coding and non-coding
region data, for several groups of Andaman
Islanders and a sample of Nicobarese. This is
the first molecular genetic evidence on the
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affinities of the Andaman Islanders, arguably
the most enigmatic people on our planet.

Results

Mitochondrial DNA Analysis

The present-day Andamanese, bar the four
Jarawa, were tested for the presence of the
intergenic 9-base pair (9-bp) deletion common
in Asian populations [11] and for their allelic
status at position 10400, a C to T transition that
defines the major “Asian” haplogroup M [12].
None of the Andamanese exhibited the 9-bp
deletion. All but two of the Andamanese had
the 10400T substitution, indicating that they
belonged to haplogroup M.

Seven of the Andamanese (four Onge and
three Great Andamanese) were analyzed
further by DNA sequencing of selected
mtDNA coding sites to investigate their
affinity to previously identified subclades of
haplogroup M, characterized by substitutions
at the following sites: positions 6446, 6680,
12403, and 14110 [13], which define the M1
haplogroup in Ethiopia; position 11946, which
defines the M; and M, haplogroups in India
and the Philippines [13]; sites 153 and 3394
(M9), 4715 and 15487 (M8), 4833 (G), 5178
(D), 9824 (M7), and 10646 (M10), which
define various M subgroups (shown in
parentheses) observed in Han Chinese [14];
sites 7598, specific to haplogroup E of Borneo
and Malaysia, and 16144, which defines
haplogroup Q, a subclade of M common in
Papua New Guinea. The seven Andamanese
were identical to the mtDNA reference [15] at
these sites and lacked the substitutions known
to define previously observed M subclades.

Sequences of approximately 400 bp of the first
hypervariable region (HVR1) were generated
for 87 present-day Andamanese. Only ten
different mtDNA haplotypes were observed
(Table 1). The Andamanese sequences within
haplogroup M were of two HVR1 types. The
first type, seen in all three Andamanese tribes,
was represented by a single haplotype,
And.hapl, and was characterized by
substitutions at 16223 and 16311. The second
type, represented by seven haplotypes, had
substitutions at positions 16213, 16223, 16311,
16319, 16344, and 16357. Two further
haplotypes were observed in two Great
Andamanese, who lacked the 10400T
substitution, and had control region
substitutions at 16169, 16349, 16265, 16288,
16304, and 16311, suggesting that they were
affiliated with Asian haplogroup F [14]. Nine
of the haplotypes seemed unique to the
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Andamans, while haplotype And.hapl matched
two previously identified individuals from the
Indian mainland, known to belong to
haplogroup M [16]. There was insufficient
DNA in the four Jarawa samples to determine
their status at position 10400 and the 9-bp
deletion, but they had the same HVR1
sequences as other Andamanese (And.hapl
and And.hap6).

mtDNA data were generated for 47 Andaman
hair samples collected at the beginning of the
20™ century by the Cambridge ethnographer
Alfred Radcliffe-Brown [17]. None exhibited
the 9-bp deletion. Amplification of a 239-bp
HVRI fragment was possible for 42 of the hair
extracts. A total of 27 different sequences of
190 bp were observed. The sequences of 13 of
the hair samples matched those of living
Andamanese in the section sequenced; namely,
two matched And.hap1, three matched
And.hap6, and eight matched And.hap7.

Seven different mtDNA haplotypes were
detected in 13 Nicobarese. Four individuals
had the 9-bp deletion and 10400C. They
belong to the subset of lineages with the 9-bp
deletion present throughout Asia. Seven
Nicobarese also had 10400C, without the 9-bp
deletion. These individuals had HVR1
sequences typical of Asian haplogroup F.

Y Chromosome Analysis

DNA of 48 present-day Andaman and Nicobar
males was analyzed by using 23 binary
markers. Six Y chromosome binary
haplotypes, falling into four previously defined
major global haplogroups, IV, VII, VIII, and X
[18], also known as D, O, L/K/M, and P/Q,
respectively [19], were detected. All Onge and
Jarawa had the same binary haplotype D,
previously observed in Asia [20]. All
Nicobarese males exhibited haplotype O,
previously observed in Southeast Asia [21-23].
The Great Andaman males had five different
binary haplotypes, found previously in
Southeast Asia, the Indian subcontinent, and
Melanesia [18] (Figure 2).

Five Y chromosome microsatellite loci were
analyzed in 37 males. Table 2 shows the
haplotypes, the haplogroup affiliations, and the
mean variance of the number of repeats across
the five loci. Three of the microsatellite loci
were monomorphic in the Onge, and one was
monomorphic in the Nicobarese. All loci were
polymorphic in the Great Andamanese,
consistent with their higher haplogroup
diversity.
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Discussion

Our analysis of mtDNA and Y chromosome
polymorphisms provides new insights into the
history of the Andamanese. All the Onge, and
all but two of the Great Andamanese, belonged
to the previously described mtDNA
haplogroup M, found in East Asia [14] and
South Asia [16]. It has been suggested that
haplogroup M is a genetic indicator of the
migration of modern Homo sapiens from
eastern Africa toward Southeast Asia,
Australia, and Oceania [12]. Analysis of
mtDNA coding sites indicated that these
Andamanese fall into a subgroup of M not
previously identified in human populations in
Africa and Asia; this finding suggests an early
split from these populations.

The mtDNA control region sequences
recovered from present-day Andamanese
people and the archival hair samples had a
suite of substitutions, at positions 16223,
16311, 16319, 16344, and 16357, specific to
the Andamanese and no other population. One
Andamanese haplotype, And.hapl, shared
substitutions at positions 16223 and 16311
with some Indians belonging to haplogroup M.
It is worth noting that the transition at 16357 is
only present at high frequencies in the
Andaman Islands and in one of the major
founding lineages of New Guinea and island
Melanesia [24]. Interestingly, the linguist
Joseph Greenberg proposed that the Andaman
languages belonged to the same language
phylum, the Indo-Pacific Phylum, as the
languages of Tasmania, parts of Papua New
Guinea, and island Melanesia [25]; this finding
indicates a possible common origin of the
peoples of these regions.

The mtDNA data on hair samples collected by
the ethnographer Alfred Radcliffe-Brown at
the beginning of the 20" century are of unique
interest and are a valuable frame of reference
for future studies. We tested 47 hair extracts
for the 9-bp deletion and generated sequence
information from 42 of the 70 hair extracts.
The remaining extracts failed to yield a PCR
product after repeated attempts, suggesting the
original DNA was too degraded. Only short
fragments of mtDNA could be retrieved from
the almost century-old hair samples, but the
mtDNA control region sequences of the hair
extracts had the same pattern of nucleotide
substitutions as that of living Andamanese and
matched the latter in several instances. This
suggests that the hair sequences are authentic.
However, there were some individual
mutations, which in some cases might be
genuine but in others might have been caused
by polymerase infidelity in the first cycles of
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amplification due to low template
concentration. There was no opportunity for
cross contamination with modern Andaman
DNA, as the Andamanese hair and blood
samples were extracted and analyzed
independently in different countries, by
different personnel, and at different times. No
evidence of laboratory contamination was
detected in the hair extracts. We present the
sequences for their intrinsic historical interest,
for comparison with the data on the extant
Andamanese, and to demonstrate the potential
of studies on archival materials.

The position of the Andamanese in the global
Y chromosome phylogeny [18] is shown in
Figure 2. Haplogroups A and B are present in
Africans only. Clades C—Q are part of three
major branches within the world phylogeny,
with the M 168 mutation at their root [26].
Haplogroup C is absent in Africa but present in
Oceania, Asia, and North America [27], while
haplogroups F—Q are rare in Africa but
widespread elsewhere [18, 28]. The Onge and
Jarawa males belong to the Asian-specific Y
chromosome clade 1V, also known as D [19].

Haplogroups D and E are characterized by the
Y AP+ insertion mutation. This mutation
probably originated in Africa [20, 29] and is
virtually fixed in sub-Saharan Africans,
although it is also present in Asia [30]. African
Y AP+ lineages have the SRY4064 transition
that characterizes haplogroup E [31], whereas
those in Asia have M 174, which defines
haplogroup D [20]. Two Asian YAP+ lineages
have been observed in Asia. One has the M15
mutation and is common in Tibet [21, 32, 33].
The second, with the M55 mutation, is
common in Japan [18]. The Onge and Jarawa
men had neither mutation, and they represent a
subtype of haplogroup D not described
previously.

In contrast to the single Y haplogroup
observed in the Onge and Jarawa males, the
Great Andamanese had five different binary
mutation haplotypes, falling into haplogroups
O, L, K, and P, among ten men. This suggests
admixture with Indian (L-M11 and P-M45)
and East Asian (O-M122 and O-M95) male
lineages. European Y chromosome lineages,
like those related to R-M173 [34], were not
observed. These findings reflect the history of
the Great Andamanese in colonial times. The
tribe was pacified forcibly by the British in the
19™ century and coexisted with thousands of
male laborers and convicts from the Indian
mainland. The few surviving members of the
Great Andamanese tribe are now settled in
Strait Island in the Andamans and bear little
physical resemblance to other Andamanese.
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The mtDNA diversity of the Great
Andamanese was very low. The mtDNA
haplotype diversity, mean pairwise differences
between sequences, and nucleotide diversity in
the Great Andamanese was the lowest of any
population we examined (Table 3). Of the 20
individuals typed, 15 had the same haplotype,
And.hapl, also present in the Onge and
Jarawa. Two of the Great Andamanese had
different mtDNA types than other Andaman
types and lacked the 10400T mutation. It is
possible that these sequences derive from non-
Andaman women.

The differences between the mtDNA and Y
chromosome haplotype substructure in the
Andamanese indicate that the maternal and
paternal lineages suffered different fates. It is
likely that a proportion of the original maternal
lineages have persisted in the Onge, Jarawa,
and Great Andamanese. The Y chromosome
haplogroup of the Onge and Jarawa probably
represents an original paternal lineage, whereas
it is likely that the Y chromosomes of the
Great Andamanese are the result of admixture
with non-Andaman males.

All the male Nicobarese in our sample had the
same Y chromosome binary haplotype, O-
M95. This is not unexpected, in view of what
is known about the subsistence and languages
of these people. Haplogroup O is very widely
distributed in present-day Asian populations,
which is probably the result of the
demographic spread of Neolithic peoples in
recent millennia [20]. The Nicobarese are
sedentary agriculturalists thought to be of
Neolithic descent. They resemble the Burmese
in physical appearance and speak languages of
the Autroasiatic family of mainland Southeast
Asia [9].

Archaeological data for the Andaman Islands
are relatively scarce, and the oldest
radiocarbon dates are only about 2000 years
before present [35]. However, the distinctive
culture, appearance, and languages of the
Andamanese argues for a longer separation
from the surrounding mainland Asian
populations. The meager archaeological record
enhances the value of molecular genetic
studies, although the lack of relevant
independent archaeological data also prevents
the verification of the conclusions drawn from
molecular data. Nevertheless, the presence of a
hitherto unidentified subset of the mtDNA
Asian haplogroup M, and of the Asian-specific
Y chromosome group D, is consistent with the
view that the Andamanese are the descendants
of Palaeolithic peoples who might have been
widely dispersed in Asia in the past.
Geographical isolation probably aided the
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survival of ancient human lineages in the
Andamans and other locations, whereas, in
most of Asia, they were later largely
assimilated or supplanted by Neolithic
agriculturalists.

The phylogeography of Y chromosome binary
haplotypes suggests that early modern human
colonizers of East Asia and Southeast Asia
belonged to both the C and D lineages [20]. It
is possible that these people spread during
episodes of low sea levels in the Pleistocene. D
lineages are unevenly distributed on mainland
Asia and have only been detected at high
frequencies in Japan and the Himalayas [18,
22,32, 33]. In Japan, such lineages are thought
to be the genetic trace of a pre-Jomon culture
[36]. C lineages are found in India, including
in tribal populations [37], and reach their
greatest frequency in Oceania [23, 38].

In conclusion, molecular genetic data support
the view that the Andamanese belong to an
ancient human substratum in Asia, later
replaced in most of that continent by Neolithic
agriculturalists. Our data agree with linguistic
studies that suggest that the Andamanese
languages might be the last representatives of
pre-Neolithic Southeast Asia, perhaps going
back to the initial settlement by modern
humans, and might be largely unaffected by
the spread of large language families, like the
Austronesian language family, which occurred
in Southeast Asia during the Neolithic [39].
Intriguingly, Andamanese languages have
grammatical and lexical affinities to the
language spoken by the Kusunda, an isolated
Nepalese ethnic group with the only language
of the Asian mainland thought to belong to the
Indo-Pacific Phylum (M. Ruhlen, personal
communication).

The low diversity in mtDNA, and in both Y
chromosome binary markers and STRs, is
genetic evidence of the population collapse
suffered by the Andamanese. Although it is
unlikely that the Andamanese genes will
vanish completely, the irretrievable loss of the
unique culture and languages of the
Andamanese peoples is a tragedy.

Experimental Procedures

Modern DNA Samples

Blood samples were collected from 68 Onge,
20 Great Andamanese, and 14 Nicobarese (of
whom 23, 10, and 11, respectively, were male).
Buccal swabs were collected from four Jarawa
males. Samples were collected after
consultation with the Directorate of Tribal
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Welfare, the local administration, medical
officer, and the donors. DNA was isolated
from the samples by using proteinase K
digestion and phenol-chloroform extraction
and was analyzed for polymorphisms in
mtDNA and the Y chromosome. Genetic
analysis of the modern DNA extracts was
performed at the Centre for Cellular and
Molecular Biology, Hyderabad, India.

Archival Hair DNA Samples

DNA was extracted from samples of 70 hair
locks collected by A. Radcliffe-Brown during
an expedition to the Andaman Islands between
1906 and 1908; this collection was later part of
the Duckworth Collection, University of
Cambridge, United Kingdom. Radcliffe-
Brown’s account suggests that the samples
were from Great Andamanese peoples. Hair
DNA was extracted with strict precautions to
avoid contamination by modern DNA [40] by
using a modification of a previously described
method [41, 42]. Extraction and analysis of the
hair DNA were performed at the former
ancient DNA laboratory at the University of
Cambridge.

Analysis of mtDNA Loci

DNA extracts were analyzed by PCR
amplification of selected regions of the
mtDNA locus. Firstly, they were assayed for
the presence of the intergenic 9-bp deletion by
amplification of a 120-bp fragment, as
described previously [11], and subsequent
electrophoresis on 3% NuSieve: 1% agarose
gels. mtDNA sequencing of the modern DNA
extracts was carried out as described
previously, with minor modifications [43].

Hair DNA was amplified with primers (shown
ina 5’ to 3’ direction) L16210:
TCCCCATGCTTACAAGCAAGTA and
H16405:
CGGGATATTGATTTCACGGAGGAT,
which specify a 239-bp fragment of the
mtDNA control region. A subset of ten extracts
was amplified with the internal primer
H16314:
GTGCTATGTACGGTAAATGGCTTTAT,
which yielded a 148-bp fragment. PCR
products were used as templates for direct
sequencing on an Applied Biosystems ABI
377A DNA sequencer.

Present-day individuals were assayed for their
allelic status at mtDNA positions 10398 and
10400, diagnostic for the Asian haplogroup M,
with the previously published primers 15F and
15R [44]. Seven individuals were also
analyzed at selected mtDNA coding sites to

Published online November 26, 2002
DOI: 10.1016/S0960982202013362



Current Biology

determine their affinity to previously
characterized African and Asian haplogroups.

Relevant population statistics were calculated
with the ARLEQUIN software package [45]
and included the haplotype diversity (h), the
mean number of pairwise differences between
sequences (m), and nucleotide diversity.

Analysis of Y Chromosome
Binary Polymorphisms

The following 23 biallelic markers were
analyzed: YAP, RPS4Y, SRY4064, sY81 =
M2, M5, M9, M11, M15, M45, M55, M70,
M95, M119, M120, M122, M145, M173,
M174, M175, M176, M203 [20], 92R7 [46],
and SRY 1532 [47]. Nested polymerase chain
reaction (PCR) was used for some markers in
the Jarawa samples, since the quantity of DNA
was limited. Sequencing products were
purified by ethanol precipitation, suspended in
formamide, and sequenced with an ABI 3700
DNA sequencer. Sequence traces were
compared with a control consensus sequence
by using the AutoAssembler program to
identify the allelic status at the polymorphic
site.

Analysis of Y Chromosome

Microsatellites

Five Y chromosome-specific short tandem
repeat (STR) loci were analyzed by multiplex
PCR amplification and fragment analysis. The
forward primers were labeled at the 5’ end with

a fluorescent dye. The primers used were
DYS389, DYS390, DYS391 [48], and DYS19
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[49]. PCR products were analyzed on an ABI
377 instrument with 5% Long Ranger gels
(FMC). Allele sizes were obtained by using the
GeneScan and Genotyper analysis
applications.
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Figure 1. Map of Southeast Asia
This map shows the location of the Andaman and Nicobar Islands, Republic of India.
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Figure 2. Maximum Parsimony Phylogenetic Tree of Worldwide Human Y Chromosome Haplogroups

The tree was constructed by using 28 binary markers that define 21 African and non-African
haplogroups [18]. The bold vertical lines indicate the distribution of the six binary haplotypes observed
in this study. The dashed lines indicate the remaining unobserved haplotypes. The 23 markers typed are
indicated in large font. The remaining markers, shown in smaller font, provide phylogenetic context.
The sample size and haplotypes observed are indicated.
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Table 1. Mitochondrial DNA Substitutions in Andamanese and Nicobarese People
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The positions are compared to the human mtDNA reference sequence [15], minus 16000. A dot (.)
denotes identity with the reference sequence. The allelic status at the COII/ARNA" region (9-bp), and
at positions 10398 and 10400, is shown. The Andaman hair sequences spanned only from 16211 to
16400, but matches with living Andamanese over this span are indicated. “CRS,” Cambridge Reference

Sequence.

"Not assayed for the allelic status at sites 10398 and 10400.
*Not assayed for the allelic status at sites 10398 and 10400, or the 9-bp deletion.

Immediate Early Publication
Copyright 2002 Cell Press

Published online November 26, 2002
DOI: 10.1016/S0960982202013362



Current Biology Research Paper
Thangaraj et al.

+3

Table 2. Y Chromosome Microsatellite Alleles in Present-Day Andamanese and Nicobarese

Defining
Mutation n  DYS389-1 DYS389-11 DYS19 DYS390 DYS391 Mean Variance
Onge MI174 7 11 18 14 22 10
MI174 3 12 18 14 22 10
M174 5 11 17 14 22 10
M174 311 18 14 22 10
M174 1 11 20 14 22 10
0.14 0.47 0 0 0 0.12
Great Andamanese M45 4 10 18 14 23 10
M9 2 10 17 14 22 10
MIl1 | 9 17 15 22 11
M122 1 10 17 14 23 10
Mi22 1 9 17 15 23 10
MY35 1 10 17 14 22 10
0.18 0.27 0.18  0.27 0.1 0.20
Nicobarese M95 2 11 15 16 25 11
MO5 2 1 16 15 25 11
M95 1 11 16 16 25 11
MO95 1 10 15 14 25 I
M95 1 12 15 16 25 11
M95 | 10 16 _15 25 10
0.41 0.29 055 0 0.13 0.28

Y chromosome microsatellite alleles at five loci in present-day Andamanese and Nicobarese, with the
defining binary mutation. The alleles are given as the number of tandem repeats, and the mean variance
across the five loci is shown for cach population sample.
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Tble 3. Mitochondnal DNA Molecular Diversity of the Andamanese and Nicobarese Population Samples

n MNumber of Haplotype sD x sD Nucleotde  SD
Haplotypes  Diversity, h o Diversity
Andamanese 1908 42 27 0.95 0.02 4.19 213 0.022 0.012
Gireat Andamanese 20 6 0.45 0.14 215 1.25 0,007 0.005
Onge 63 5 0.72 0.03 249 1.36 0,008 0.005
Jarawa 4 2 0.67 020 2.67 1.78 0.008 0.007
Nicobarese 13 7 0.85 0.08 618 3.14 0.020 0.011

Mitochondrial DNA molecular diversity data of the Andamanese and Nicobarese. The calculations
were based on the segment between positions 16063 and 16376 in the present-day populations and
positions 16211 and 16400 in the hair DNA sequences.

"1 is the mean number of pairwise differences between sequences
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Supplementary
Experimental Procedures

Extraction of DNA from Archival

Hair Samples

Hair DNA was extracted with strict
precautions to avoid contamination by modern
DNA [S1] by using a modification of a
previously described method [S2, S3]. Strands
were washed with sterile water and 95%
ethanol, dried, and extracted overnight at 41°C
in 250 pl 10 mM Tris-HCI (pH 8), 10 mM
EDTA (pH 8), 0.1 M NacCl, 50 pg/ml
proteinase K, 39 mM DTT, and 2% Triton X-
100. After the addition of 50 pul of a buffer
consisting of 10 M guanidinium thiocyanate
(GuSCN), 0.1 M Tris-HCI (pH 7.4), and 0.2 M
EDTA, the lysate was incubated for 25 min at
60°C. After a further centrifugation step, 200
ul of the supernatant was mixed with 1 ml 8.2
M Nal and 25 pl silica suspension and was
incubated at room temperature for 6 min. After
centrifugation, the silica pellet was washed
three times with 70% ethanol. DNA was eluted
with 15 pl TE buffer. Control extractions with
no hair were carried out in parallel to check for
contamination. Four hair samples were
extracted in duplicate to check reproducibility.

Analysis of mtDNA Loci

mtDNA sequencing of the modern DNA
extracts was carried out as described
previously [S4], with the following
modifications: control region amplicons for 20
Onge were purified with exonuclease I and
shrimp alkaline phosphatase. Sequencing was
done by cycle sequencing dye terminator
reactions with an ABI 377 automated
sequencer. Reducing the concentration of
amplification primers to 5 pmol, and the
concentration of dNTPs to 50 uM, eliminated
the need for post-PCR template purification of
the remaining samples, which were sequenced
on an ABI 3700 sequencer.

Hair DNA was amplified with primers (shown
ina 5’ to 3’ direction) L16210:
TCCCCATGCTTACAAGCAAGTA and
H16405:
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CGGGATATTGATTTCACGGAGGAT,
which specify a 239-bp fragment of the
mtDNA control region. Aliquots of 1 ul of hair
DNA extract were amplified in 25 pl reaction
volumes containing 1 U of Tagq start antibody
and 7aqg DNA polymerase (1:2) (HT
Biotechnology), 10x reaction buffer (100 mM
Tris-HCI [pH 9], 15 mM MgCl, 500 mM KCl,
1% [w/v] gelatin), 2.5 mM MgCl,, 0.2 mM
dNTPs, and 20 pmoles of each primer.
Amplification was for performed for 40 cycles
at 92°C for 40 s, 55°C for 40 s, and 72°C for 1
min, with an initial denaturation step of 1.5
min at 94°C and a final step of 5 min at 75°C.
In some cases, a second PCR was carried out
with primers L16210 and H16401. A subset of
ten extracts was amplified with the internal
primer H16314:
GTGCTATGTACGGTAAATGGCTTTAT,
which yielded a 148-bp fragment. PCR
products were electrophoresed on 2% low-
melting agarose gels and were visualized under
UV light after ethidium bromide staining. PCR
products were excised from the gels, silica
purified, and used as templates for direct
sequencing on an Applied Biosystems ABI
377A DNA sequencer.

Analysis of Y Chromosome
Binary Polymorphisms

The following 23 biallelic markers were
analyzed: YAP, RPS4Y, SRY4064, sY81 =
M2, M5, M9, M11, M15, M45, M55, M70,
M95, M119, M120, M122, M145, M173,
M174, M175, M176, M203 [S5], 92R7 [S6],
and SRY 1532 [S7]. Nested polymerase chain
reaction (PCR) was used for some markers in
the Jarawa samples, since the quantity of DNA
was limited, as follows: for each marker tested,
an initial PCR reaction was performed by
using outer primers YAP-OF:
TCACATAATTTCATTTTCCC, YAP-OR:
CAAGTTAGCTGTCCATACTG, M130-OF:
GAGTGGGAGGGACTGTGAGA, M130-OR:
CCACAGAGATGGTGTGGGTA, M9-OF:
CGGCGTCTTTGATCTCTCAATCC, M9-
OR: CAGCTTCTTTCCCAATTATGCAAG,
M173-OF:
AAGAAATGTTGAACTGAAAGTTGAT,
M173-OR:
AGGTGTATCTGGCATCCGTTA, M175-OF:
TTGAGCAAGAAAAATAGTACCCA, and
M175-OR:
CTCCATTCTTAACTATCTCAGGGA.
Amplified material from the first PCR
reactions was diluted 200-fold and reamplified
with the published primers in the second,
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nested PCR reaction. For the Onge, Great
Andamanese, and Nicobarese samples, a single
three-temperature PCR was performed, with 50
ng of genomic DNA and marker-specific
annealing temperatures and times. After an
initial cycle of 94°C for 5 min, 30 PCR cycles
were carried out at 94°C for 1 min and 72°C
for 1 min, followed by a final cycle of 72°C for
5 min. Specific temperature/time annealing
conditions were as follows: YAP-Outer:
52°C/20 s, SRY1532: 62°C/20 s, 92R7:
62°C/10s,sY81: 60°C/20 s, M70: 50°C/30 s.
The same annealing conditions of 55°C/30 s
were used for YAP-I, M5, M9, M11, M15,
M45, M70, M95, M119, M120, M122, M 145,
RPS4Y, M173, M174, M175, M176, and
M203. Appropriate precautions were followed
to control against amplicon contamination.
Suitable allelic controls were also evaluated.
Products from YAP amplification were
fractionated on 1.5% agarose gels and
visualized under UV light after staining with
ethidium bromide. The PCR products of 92R7
were digested with HindIII and were separated
on 12% acrylamide gels, followed by ethidium
bromide staining. All other PCR amplicons
were checked on 1.5% agarose gels prior to
sequencing after purification with exonuclease
I and shrimp alkaline phosphatase. Sequencing
reactions for both forward and reverse strands
were performed for each marker and used
approximately 75 ng PCR product, 8 pl Big
Dye Terminator (Perkin-Elmer cycle
sequencing kit), and 4 pmol of the PCR primer
as the sequencing primer. Sequencing products
were purified by ethanol precipitation,
suspended in formamide, and sequenced with
an ABI 3700 DNA sequencer. Sequence traces
were compared with a control sequence by
using the AutoAssembler program to identify
the allelic status at the polymorphic site.

Analysis of Y Chromosome

Microsatellites

Five Y chromosome-specific short tandem
repeat (STR) loci were analyzed by PCR
amplification and fragment analysis. The
forward primers were labeled at the 5’ end with
a fluorescent dye. The primers used were
DYS389, DYS390 and DYS391 [S8], and
DYS19 [S9]. DYS389 yields two polymorphic
loci. As the DYS389-11 amplicon contains the
DYS389-1 fragment, the latter was subtracted
[S10]. Multiplex reactions were performed
with 5 ng DNA, 10 pM each primer, 200 mM
dNTPs, 1x buffer with 1.5 mM MgCl,, and 1
U AmpliTaq Gold. Amplifications were
carried out in a Perkin-Elmer GeneAmp 9600
thermal cycler, as follows: denaturation at
95°C for 10 min, followed by 30 cycles at
Immediate Early Publication
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94°C for 1 min, 55°C for 30 s, and 72°C for 2
min. PCR products were denatured with GS-
ROX500 in the presence of formamide:blue
dextrone (5:1) and were analyzed on an ABI
377 instrument by using 5% Long Ranger gels
(FMC). Allele sizes were obtained by using the
GeneScan and Genotyper analysis
applications.
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