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Eastern Indonesia possesses more linguistic diversity than any other region in Southeast Asia, with both Austronesian
(AN) languages that are of East Asian origin, as well as non-Austronesian (NAN) languages of likely Melanesian origin.
Here, we investigated the genetic history of human populations from seven eastern Indonesian islands, including AN and
NAN speakers, as well as the relationship between languages and genes, by means of nonrecombining Y-chromosomal
(NRY) and mitochondrial DNA (mtDNA) analysis. We found that the eastern Indonesian gene pool consists of East
Asian as well as Melanesian components, as might be expected based on linguistic evidence, but also harbors putative
indigenous eastern Indonesian signatures that perhaps reflect the initial occupation of the Wallacea by aboriginal hunter-
gatherers already in Palaeolithic times. Furthermore, both NRY and mtDNA data showed a complete lack of correlation
between linguistic and genetic relationships, most likely reflecting genetic admixture and/or language shift. In addition,
we noted a small fraction of the NRY and mtDNA data shared between eastern Indonesians and Australian Aborigines
likely reflecting an ancient link between Asia and Australia. Our data thus provide insights into the complex genetic
ancestry history of eastern Indonesian islanders characterized by several admixture episodes and demonstrate a clear
example of the lack of the often-assumed correlation between the genes and languages of human populations.

Introduction 2005). The extremely large amount of linguistic diversity
among the perhaps 800 NAN languages suggests that if there
is a common origin for these languages, it was an ancient one,
presumably in New Guinea (Foley 1986, 2000). Indeed, al-
though AN languages are coherently classified into a single
family by the standard comparative method (i.e., they descend
from a single recent common ancestor) (Adelaar and Himmel-
mann2005), NAN languages belong toseveral families thatdo
not have clear phylogenetic relationships (Foley 2000). Fur-
thermore, AN languages share many homologous words (cog-
nates), which have proved useful in reconstructing their
phylogenetic history (Gray and Jordan 2000; Gray et al.
2009); conversely, NAN languages have few plausible cog-
nates but nonetheless display some structural similarities,
which distinguish them from the AN family (Dunnetal. 2005).

The AN languages of the Nusa Tenggara Timur and
eastern Timor area are generally assumed to be related
(Klamer 2002) belonging to the Central-Malayo-Polyne-
sian (CMP) subfamily (Adelaar and Himmelmann 2005).
However, the existence of this subfamily has been ques-
tioned (Blust 1993; Donohue and Grimes 2008), and it

Island Southeast Asia links two continental regions and
thus has served as a crossroad for migrations between them;
eastern Indonesia (EI) is an important yet in general under-
studied part of this area. Of special interest is the fact that
EI has the highest linguistic diversity of any Southeast Asian
region, with two completely unrelated groups of languages,
Austronesian (AN) and non-Austronesian (NAN) also called
Papuan. AN-speaking groups are found all over Southeast
Asiaincluding EI, eastward in parts of coastal and most of is-
land Melanesia and throughout Micronesia and Polynesia, as
well as westward on Madagascar (Bellwood et al. 1995; Ade-
laar and Himmelmann 2005). All AN languages trace back to
a common ancestral language (Proto-AN) and are thought to
have spread by an expansion that started about 5,500—6,000
years ago in Taiwan with an assumed ultimate origin in East
Asia (Kirch 1997; Blust 1999; Diamond and Bellwood 2003;
Bellwood 2004; Gray et al. 2009). NAN languages dominate
the New Guinea mainland and are also found on a few islands
north, northeast, and east of mainland New Guinea, as well as
eastward in parts of the Solomon Islands and westward in parts

of EI(Wurm and Hattori 1981; Foley 1986; Ross 2005; Specht
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is also unknown where exactly in Southeast Asia Proto-Ma-
layo-Polynesian was spoken, probably in the Philippines—
Sulawesi area. It is further believed that AN languages exist
in EI since about 4,000 ybp (Pawley 1999; Spriggs 2003),
and AN speakers—on their dispersal from Taiwan—
replaced or admixed with NAN-speaking regional aborig-
inal hunter-gatherers living in Southeast Asia (including EI)
already since Palaeolithic times (Diamond and Bellwood
2003). Like the AN languages of the Nusa Tenggara Timur
and eastern Timor area, the NAN languages of this region
have also been shown to be related with each other (Klamer
et al. 2008). The major linguistic hypothesis suggests that
NAN speakers in the region of Nusa Tenggara Timur and
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eastern Timor trace back to the expansion of the Trans-New
Guinea Phylum (TNG) that started about 10,000 ybp in the
highlands of eastern (now Papua) New Guinea (Pawley
1998, 2005; Foley 2000; Ross 2005). However, it appears
to be rather uncertain whether regional NAN-TNG lan-
guages were established already before AN speakers ar-
rived in EI or whether they arrived only at a later date
(Pawley 2005). An alternative view suggests that NAN
speakers in Nusa Tenggara Timur and eastern Timor are
remnants of ancient continuous populations already living
in the region from the Pleistocene, rather than assuming that
New Guinea highlanders migrated back over water to small
El islands (Klamer et al. 2008).

The currently known archaeological sites for modern hu-
mans in EI date back to about 30-37,000 ybp in eastern Timor
(O’Connor et al. 2002) and northern Maluku (Bellwood
1996). However, older dates of 43,000 ybp from southern
Thailand (Anderson 1997), as well as evidence that modern
humans were in New Guinea at least 40,000 ybp (Groube
et al. 1986) and in Australia at least 50,000 ybp (Roberts
et al. 1990), raise the expectation that the initial coloniza-
tion of EI by modern humans occurred more than 50,000
ybp (Spriggs 2000). In addition, archaeological sites with
Neolithic dates of about 4,500-3,800 ybp are known from
Flores and of about 4,400-3,400 ybp from eastern Timor,
which have been associated with the Neolithic spread of
farmers from Taiwan via Southeast Asia, Island Melanesia
into Polynesia (Spriggs 2003). This Neolithic spread is usu-
ally associated with the spread of AN speakers (Bellwood
1997; Diamond and Bellwood 2003; Spriggs 2003). It has
been suggested that the AN-speaking Neolithic farmers ar-
rived in EI via an eastern route via Sulawesi (and perhaps
the northern Maluku) rather than a western route via Java
(Pawley 1999; Spriggs 2003).

Notably, some authors have argued for a mostly Island
Southeast Asia origin of AN groups in Palaeolithic times
based on mitochondrial DNA (mtDNA) dating (Oppenheimer
and Richards 2001; Hill et al. 2007). However, this model is
not in agreement with the Taiwanese origin of AN lan-
guages (Blust 1999) and the topology of the phylogenetic
AN-language tree (Gray and Jordan 2000; Gray et al. 2009),
nor with genetic evidence from the human-specific bacterial
parasite Helicobacter pylori, which also points to a Taiwanese
origin and Out-of-Taiwan spread of AN speakers (Moodley
et al. 2009). In addition, this model disagrees with human
genetic data such as the Taiwanese origin of the major
Asian nonrecombining Y-chromosomal (NRY) haplogroup
in Island Melanesia (O-M110) (Kayser, Choi, et al. 2008),
the Taiwanese origin of the B4ala mtDNA haplogroup
shared among Taiwanese Aborigines, Melanesians, and
Polynesians (Trejaut et al. 2005), and the genetic affinities
of Polynesians and Micronesians with Taiwanese Aborigines
as revealed from 890 autosomal DNA markers (Friedlaender
et al. 2008).

Overall, the linguistic and archaeological data suggest
at least two or three distinct migration waves influenced EI:
an initial colonization at least 50,000 ybp; the expansion of
AN speakers about 4,000 ybp and possibly an immigration
of NAN speakers either before or around the same time of
the AN arrival. To what extent is this complex history of EI,
as suggested by linguistic and archaeological data, reflected

in the gene pool of contemporary islanders? Previously, we
found preliminary genetic evidence for both East Asian and
Melanesian paternal and maternal lineages in EI (Kayser
et al. 2001, 2006). However, these results were based on
just a few individuals from a few islands of the Maluku
and Nusa Tenggara regions. Paternal lineages of East Asian
as well as Melanesian ancestry were also observed in two
other studies concerning EI, but only including samples
from two of the many regional islands (Sumba and Flores)
(Lansing et al. 2007, 2008). In the present study, we inves-
tigated the human genetic history of the region of Nusa
Tenggara Timur and eastern Timor in more detail by ana-
lyzing NRY and mtDNA diversity in 344 and 330 individ-
uals, respectively, from seven islands (Flores, Adonara,
Solor, Lembata, Pantar, Alor, and from eastern Timor), in-
cluding both AN- and NAN-speaking groups. We also ex-
amined whether the genetic and linguistic relationships of
EI groups were correlated, and additionally investigated the
extent to which genetic contributions from the various mi-
grations that have influenced this region can be detected in
the gene pool of contemporary EI islanders.

Material and Methods
Samples and Genotyping

Samples were collected from several villages each from
six EI islands (Adonara, Alor, Lembata, Flores, Solor, and
Pantar) belonging to the Indonesian province Nusa Tenggara
Timur, as well as from the Democratic Republic of Timor
L’este (referred to here as eastern Timor; fig. 1). Samples
were collected as cheek swabs and with individual informed
consent by R.B., J.S., and H.S. with the collaboration and
assistance of the Eijkman Institute for Molecular Biology,
Jakarta, and with the advice and active assistance of local
health officials. Some of the sampled villages spoke CMP
languages belonging to the AN family, whereas others spoke
NAN languages that are mostly considered to belong to the
TNG (Pawley 2005; Ross 2005; Klamer et al. 2008).
Samples were sorted according to the paternal grandfather’s
birthplace/language for the NRY analysis and the maternal
grandmother’s birthplace/language for the mtDNA analysis.
Grouping samples by island and language resulted in 10
groups: an AN group for each of the seven islands represent-
ing different AN languages, and an additional NAN group
for each of Alor, Pantar, and eastern Timor representing dif-
ferent NAN languages (tables 1 and 2).

DNA was extracted from the cheek swabs via a salting-
out protocol (Kayser et al. 2003). We analyzed 35 binary
NRY markers and seven NRY short tandem repeat poly-
morphisms (Y-STRs) in 344 EI individuals, using previ-
ously described methods (Kayser et al. 2003, 2006). The
DYS390 Y-STR was sequenced in individuals belonging
to NRY haplogroup C-RPS4Y* to search for the 390.1
deletion polymorphism as described previously (Kayser
et al. 2001). The hypervariable region 1 (HV1) of mtDNA
was amplified in 330 EI individuals using primers L16001
and H16410 (Handt et al. 1996; Cordaux et al. 2003) and
sequenced using Big Dye (Applied Biosystems, Foster
City, CA) chemistry on an ABI 377 or ABI 3700
DNA Sequencer (Applied Biosystems). Both DNA strands
were sequenced separately; for those samples with the
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FiG. 1.—Map of Southeast Asia with the sampled islands of the Nusa Tenggara Timur region and eastern Timor (Timor L’este) of EIL

“C-stretch” in the region 16,184-16,193, both strands
were sequenced twice. Sequences were analyzed using
the SeqManll software from the Lasergene software pack-
age (DNASTAR Inc., Madison, WI). The mtDNA 9-bp
deletion was typed as described elsewhere (Redd et al.
1995). NRY binary markers were used to characterize
NRY haplogroups (supplementary fig. S1, Supplementary
Material online) considering the most recent Y-Chromosome
Consortium update on nomenclature (Karafet et al. 2008),

whereas mtDNA haplogroups were inferred using se-
quence data and the 9-bp deletion data using the commonly
applied nomenclature (supplementary fig. S2, Supplemen-
tary Material online). MtDNA sequences characterized
by 16217C, 16261T, 16247G, and the 9-bp deletion have
traditionally been classified as carrying the “Polynesian
Motif.” Because this motif comprises only one of several
subgroups of haplogroup B4alal that are differentiated by
mtDNA polymorphisms outside HV1 (Trejaut et al. 2005;

Table 1

NRY Haplogroups Observed in Eastern Indonesian Populations with Their Previously Assumed Geographic Origin

NRY Adonara  Alor E-Timor E-Timor Flores Lembata Pantar Pantar Solor All  All
Haplogroup Origin®  (AN)  (NAN) Alor (AN) (AN)  (NAN) (AN) (AN) (NAN) (AN) (AN) AN NAN Overall
C-M38* M 73 9 3 12 2 28 6 8 2 16 140 19 159
C-M208 M 4 0 0 0 0 0 0 0 0 1 5 0 5
K-M9* MP/U 2 8 0 7 0 8 3 0 1 7 28 8 36
M-M4* M 2 0 0 1 0 2 0 0 0 0 5 0 5
M-P34 M 0 3 0 2 0 0 0 3 2 0 4 6 10
S-M230* M 0 0 0 0 0 0 2 0 0 0 2 0 2
S-M254%* M 2 1 1 3 2 9 6 5 3 4 28 8 36
C-RPS4Y* A 10 1 0 3 0 17 13 0 0 5 48 1 49
NO-M214* A 0 0 0 0 0 1 0 0 0 0 1 0 1
O-M175% A 1 0 0 0 0 1 0 1 0 3 5 1 6
O-M119 A 1 0 0 6 1 0 0 1 0 0 7 2 9
O-M122* A 0 0 0 0 0 5 1 9 2 7 15 9 24
0O-M134 A 0 0 0 0 0 0 0 1 0 0 0 1 1
F-M89* U 1 0 0 0 0 0 0 0 0 0 1 0 1
Sample size 96 22 4 34 5 71 31 28 10 43 289 55 344

* As previously assumed M: Melanesian origin, A: Asian origin, and U: unknown.
® Previous assumption made for Polynesian Y-chromosome, which may not hold for eastern Indonesian ones (see text).
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Table 2
MtDNA Haplogroups Observed in Eastern Indonesian Populations with Their Previously Assumed Geographic Origin
MtDNA Adonara Alor E-Timor E-Timor Flores Lembata Pantar Pantar Solor All
Haplogroup Origin®  (AN)  Alor (NAN) (AN) (AN) (NAN) (AN) (AN) (NAN) (AN) (AN) All AN NAN Overall
B A 0 0 0 2 0 0 1 0 0 0 3 0 3
B4a A 2 1 0 1 1 3 3 0 0 1 10 2 12
B4bl A 5 2 0 0 0 9 3 1 0 4 21 3 24
B4clb A 4 0 0 0 0 1 1 3 2 0 8 3 11
B4c2 A 0 0 0 0 0 1 0 0 0 0 1 0 1
B5a A 0 0 0 0 0 1 1 0 0 0 2 0 2
B5b A 4 1 0 0 1 6 0 0 0 1 11 2 13
D A 6 6 1 0 0 6 1 1 0 1 15 7 22
D5d1 A 0 0 0 0 0 3 1 0 0 1 5 0 5
Fla A 17 2 0 2 0 10 6 2 0 4 39 4 43
Flal A 2 0 0 0 0 1 1 0 0 0 4 0 4
M7b A 0 0 0 0 0 0 0 1 0 0 0 1 1
M7b3 A 0 0 0 0 0 1 0 0 0 0 1 0 1
MT7cla A 0 0 0 0 0 0 0 0 0 7 7 0 7
MT7clc A 5 1 0 0 0 7 0 2 0 2 14 3 17
R9c A 2 1 0 2 1 1 2 2 0 1 8 4 12
U2 A 1 1 0 0 0 0 0 0 0 0 1 1 2
Y2 A 1 0 0 0 0 0 0 0 0 0 1 0 1
Pre-Z A 0 0 0 0 0 6 0 0 0 0 6 0 6
P1 M 0 1 0 2 0 0 2 0 1 0 5 1 6
Ple M 0 0 0 0 0 1 0 0 0 0 1 0 1
P4a M 0 0 0 0 0 0 0 0 0 1 1 0 1
Ql MP 8 2 2 9 0 6 4 7 6 3 38 9 47
Q2 MP 4 0 0 0 0 0 2 0 0 1 7 0 7
R14 M 0 0 0 1 0 0 1 0 0 0 2 0 2
Ela E 0 1 0 8 2 3 2 0 1 0 14 3 17
Elb E 1 1 0 1 0 1 0 1 0 0 3 2 5
E2 E 1 0 0 1 0 0 0 0 0 5 7 0 7
Polynesian E 0 0 0 2 0 3 0 0 0 0 5 0 5
motif
M42 AU 1 0 0 0 0 0 0 0 0 0 1 0 1
NI12 AU 0 0 0 0 0 2 0 0 0 0 2 0 2
Rest U 13 4 0 2 0 3 3 8 0 9 30 12 42
Sample size 71 24 3 33 5 75 34 28 10 41 273 57 330

% As previously assumed M: Melanesian origin, A: East Asian origin, E: eastern Indonesian origin but ultimately traceable to East Asia by precursor motif, AU:

Australian origin, and U: unknown.
° Evidence presented here suggests eastern Indonesian origin (see text).

Pierson et al. 2006) that were not analyzed in the present
study, we classified these sequences as Polynesian Motif
rather than as haplogroup B4alal. All EI mtDNA HV1
sequences are available from GenBank under the fol-
lowing accession numbers: FJ838794-FJ839123. Addi-
tional NRY and mtDNA data from East and Southeast
Asia, Melanesia, Polynesia, and Australia (Tommaseo-
Ponzetta et al. 2002; Kayser et al. 2003, 2006; Mona
et al. 2007) were included for comparative analyses
and are provided in Supplementary tables S1 and S2,
Supplementary Material online, respectively.

Statistical Analyses

Diversity indices, F /R values, and analysis of mo-
lecular variance (AMOVA) were computed using the soft-
ware ARLEQUIN 3.0 (Excoffier et al. 2005). Genetic
distances between populations were displayed using the
multidimensional scaling algorithm (MDS), implemented
in the software STATISTICA. Median-joining networks
(Bandelt et al. 1999) among Y-STR haplotypes as well
as mtDNA HVRI1 sequences were built using the software
NETWORK  (http://www.fluxus-technology.com/share-
net.htm); a weighting scheme was applied to the Y-STR

loci, based on estimated mutation rates, as described else-
where (Mona et al. 2007), whereas default settings were
used for the mtDNA analyses. NETWORK was also used
to compute the time to the most recent common ancestor
(TMRCA) of mtDNA haplogroups by means of the rho sta-
tistic and its standard deviation (Forster et al. 1996; Saillard
et al. 2000).

A Bayesian-based coalescent approach (Wilson and
Balding 1998; Wilson et al. 2003), implemented in the soft-
ware BATWING, was used for demographic inference of
NRY haplogroups using Y-STRs and the NRY haplogroup
tree topology. The coalescent prior model used for the topol-
ogy and branch lengths of the gene genealogy was an initial
constant population size followed by a demographic expan-
sion (Wilsonetal. 2003). The likelihood of the gene genealogy
was computed under the stepwise mutation model (Ohta and
Kimura 1973). The posterior probability of the gene geneal-
ogy, population genetic parameters, and NRY haplogroup dat-
ing were approximated through the Metropolis—Hastings
algorithm (Metropolis et al. 1953; Hastings 1970). Priors
for the Y-STR mutation rates and the coalescent model were
applied as described previously (Kayser et al. 2006).

To determine the coalescence time of each hap-
logroup, the gene genealogy was constrained using the
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known NRY phylogeny (supplementary fig. S1, Supple-
mentary Material online). The final analysis was based
on two runs of 100 million Markov chain Monte Carlo gen-
erations each with a 10% burn-in period. TRACER
(Rambaut and Drummond 2004) (available at http://tree.
bio.ed.ac.uk/software/tracer/) was used to check for the
convergence of the two runs and to compute the effective
sample size (always >200) and the 95% high posterior den-
sity of all the parameters, combining the two runs.

Results and Discussion
Geographic Origins and Migration History of Eastern
Indonesians

Based on the analysis of 35 binary NRY markers, we
identified 14 NRY haplogroups in the 10 EI groups from
the region of Nusa Tenggara Timur and eastern Timor (table
1, supplementary fig. S1, Supplementary Material online). A
Melanesian origin was inferred previously for seven NRY
haplogroups (C-M38%*, C-M208, M-M4*, M-P34, S-M230%,
S-M254%*, and K-M9%), whereas for six NRY haplogroups
(0-M122%, O-M134, O-M119, O-M175%, NO-M214*, and
C-RPS4Y*), an East Asian origin was assumed before (Kays-
er et al. 2000, 2001, 2003, 2006; Capelli et al. 2001). One
man from Adonara was haplogroup F-M89*, for which
the origin cannot be traced given the markers analyzed. Hap-
logroup K-M9* is potentially of polyphyletic origin as it rep-
resents one of the oldest paternal lineages in Asia/Oceania
(supplementary fig. S1, Supplementary Material online). Al-
though we previously assigned a Melanesian origin for K-
MO9* in an analysis of Polynesian Y-chromosomes (Kayser
et al. 2006), this assumption may not hold for EI given that
K-M9* was also observed in Southeast Asia outside EI, albeit
in low frequency (supplementary table S1, Supplementary
Material online). Therefore, K-M9* was not included in
the analyses concerning the ancestry of EI lineages.

Based on the mtDNA HV1 sequences and the 9-bp
deletion data, we identified 31 mtDNA haplogroups (table
2, supplementary fig. S2, Supplementary Material online):
19 mtDNA haplogroups (B, B4a, B4bl, B4clb, B4c2,
B5a, B5b, D, D5d1, Fla, Flal, M7b, M7b3, M7clc,
M7cla, R9c, U2, Y2, and pre-Z) have a previously in-
ferred East Asian origin (Redd et al. 1995; Kivisild
et al. 2002; Yao et al. 2002; Trejaut et al. 2005); six
mtDNA haplogroups (Q1, Q2, P1, Ple, P4a, and R14)
have a previously inferred Melanesian origin (Forster et al.
2001; Friedlaender et al. 2005, 2007; Hudjashov et al.
2007); and four mtDNA haplogroups (Ela, Elb, E2,
and the so-called Polynesian Motif) were previously as-
sumed to be of indigenous EI origin (Lum et al. 1994;
Redd et al. 1995; Lum and Cann 1998; Richards et al.
1998; Trejaut et al. 2005; Hill et al. 2007) but can be
ultimately traced back to East Asia/Taiwan by their pre-
cursor haplogroups (supplementary fig. S2, Supplemen-
tary Material online). Two mtDNA haplogroups
observed in very low frequency (M42 in one Adonara
male and N12 in two Flores males) were previously only
found in Australian Aborigines (Pierson et al. 2006;
Hudjashov et al. 2007). Finally, 42 individuals (12.7%)
from our EI data set could not be assigned to any known
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mtDNA haplogroups, reflecting inherent limitations in
mtDNA haplogroup assignments based solely on HV1 se-
quence and 9-bp deletion data.

Overall, in EI, the proportion of Melanesian paternal
and maternal lineages was 63.1% and 20%, with 60% and
20.5% in NAN speakers, and 63.7% and 17.5% in AN
speakers, respectively. The frequency of Melanesian
NRY haplogroups ranged from 45.2% in AN speakers from
Lembata to 100% in AN speakers from Alor (albeit only
four individuals) or 84.4% in AN speakers from Adonara,
whereas the frequency of Melanesian mtDNA haplogroups
ranged from 0% in NAN speakers from eastern Timor (al-
beit only five individuals in total) to 70% in AN speakers
from Pantar. The overall proportion of Asian paternal and
maternal lineages was 26.2% and 67%, respectively, with
26.3% and 61.4% in AN speakers and 25.5% and 68.1% in
NAN speakers, respectively. Asian components for NRY
haplogroups ranged from 0% in AN speakers from Alor
(albeit only four individuals in total) or 4.5% in NAN
speakers from Alor to 45.2% in AN speakers from Lembata;
and for mtDNA haplogroups from 30% in AN speakers
from Pantar (albeit only three individuals) to 100% in
NAN speakers from Timor (albeit only five individuals)
or 84% in AN speakers from Flores (table 3).

The above results rely on the correct geographic clas-
sification of mtDNA/NRY haplogroup origins. Usually,
geographic origins of haplogroups are inferred from phylo-
geography and associated diversity and/or TMRCA estima-
tions. However, this approach requires extensive sampling
throughout various regions in order to obtain a detailed
view of haplogroup distributions. EI has certainly been un-
derrepresented in human population genetic studies carried
out so far, and the paucity of available data could have con-
founded the correct identification of the origin of some hap-
logroups. We therefore estimated TMRCA and associated
diversity for all NRY and mtDNA haplogroups with rea-
sonable sample size for EI and compared the outcomes with
our previously published data from East Asia and Melanesia
(supplementary tables S3 and S4, Supplementary Material
online).

Notably, mtDNA haplogroup P1, for which a Melanesian
origin was inferred previously (Friedlaender et al. 2005,
2007), has an older mean TMRCA in EI (53,814 ybp) relative
to Melanesia (46,160 ybp) (supplementary table S3, Sup-
plementary Material online), although the dating intervals
largely overlap between regions (supplementary table S3,
Supplementary Material online) and the EI estimate is only
based on six samples. The P1 network analysis (fig. 2A)
suggests a Melanesian origin in agreement with previous
reports (Friedlaender et al. 2005, 2007). Although it is pos-
sible to argue that P1 mtDNAs in EI are the result of a recent
migration from New Guinea, this is not fully supported by
the haplotype sharing analysis, as only one of the three EI
haplotypes is shared with Melanesia (fig. 24, supplemen-
tary table S5, Supplementary Material online). However,
more EI data are needed to fully establish whether mtDNA
haplogroup P1 is of Melanesian or of eastern Indonesian
origin.

Furthermore, we identified at least two haplogroups
(Q1 and Q2) that were previously suggested to be of
Melanesian origin (Friedlaender et al. 2007), whereas
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Table 3
NRY and mtDNA Haplogroups Observed in Eastern Indonesian Populations Combined according to Their Assumed Region of Origin
Adonara Alor E-Timor Flores Lembata Solor Pantar Alor E-Timor Pantar All

Geographic Origin (AN) (AN) (AN) (AN) (AN) (AN) (AN) (NAN) (NAN) (NAN) All AN NAN Overall
Asian NRY-DNA (%)* 12 (12.5) 0 9 (26.5) 24 (33.3) 14 (45.2) 15 (34.9) 2 (20) 1 (4.5) 1 (20) 12 (42.9) 76 (26.3) 14 (25.5) 90 (26.2)
Melanesian NRY-DNA (%)" 81 (84.4) 4 (100) 18 (52.9) 39 (54.9) 14 (45.2) 21 (48.8) 7 (70) 13 (59.1) 4 (80) 16 (57.1) 184 (63.7) 33 (60) 217 (63.1)
Other NRY-DNA (%)° 3 3.1 0 7 (20.6) 8 (11.3) 39.7) 7 (16.3) 1 (10) 8 (36.4) 0 0 29 (10) 8 (14.5) 37 (10.8)
Asian mtDNA (%) 51 (66.2) 1(33.3) 19 (57.6) 63 (84) 22 (64.7) 27 (65.9) 3 (30) 17 (70.8) 5 (100) 13 (46.4) 35 (61.4) 186 (68.1) 221 (67)
Melanesian mtDNA (%)° 12 (15.6) 2 (66.7) 12 (36.4) 9 (12) 9 (26.5) 5(12.2) 7 (70) 3 (12.5) 0 7 (25) 10 (17.5) 56 (20.5) 66 (20)
Australian mtDNA (%)" 1(1.3) 0 0 0 0 0 0 0 0 0 0 1(0.4) 1(0.3)
Other mtDNA (%)*® 13 (16.9) 0 2 (6.1) 34) 3(8.8) 9 (22) 0 4 (16.7) 0 8 (28.6) 12 (21.1) 30 (11) 42 (12.7)
MtDNA hg Q1 and Q2 not considered Melanesian
Asian mtDNA (%) 51 (66.2) 1(33.3) 19 (57.6) 63 (84) 22 (64.7) 27 (65.9) 3 (30) 17 (70.8) 5 (100) 13 (46.4) 186 (68.1) 35 (61.4) 221 (67)
Melanesian mtDNA (%) 0 0 39.1) 1(1.3) 3(8.8) 124 1 (10) 14.2) 0 0 9 (3.3) 1(1.8) 10 (3)
Australian mtDNA (%) 1(1.3) 0 0 2Q2.7) 0 0 0 0 0 0 3 (1.1 0 3(0.9)
Other mtDNA (%) 25 (32.5) 2 (66.7) 11 (33.3) 9 (12) 9 (26.5) 13 (31.7) 6 (60) 6 (25) 0 15 (53.6) 75 (27.5) 21 (36.8) 96 (29.1)
MtDNA hg Ela, Elb, E2, Polynesian Motif, Q1 and Q2 considered eastern Indonesian
Asian mtDNA (%) 49 (63.6) 1 (33.3) 7212) 56 (747) 20(58.8) 22(53.7) 2(20) 15(62.5) 3 (60) 12 (42.9) 157 (57.5) 30 (52.6) 187 (56.7)
Melanesian mtDNA (%) 0 0 39.1) 1(1.3) 3(8.8) 124 1 (10) 14.2) 0 0 9 (3.3) 1(1.8) 10 (3)
Eastern Indonesian 14 (18.2) 2 (66.7) 21 (63.6) 13 (17.3) 8 (23.5) 9 (22) 7 (70) 4 (16.7) 2 (40) 8 (28.6) 74 (27.1) 14 (24.6) 88 (26.7)

mtDNA (%)
Australian mtDNA (%) 1(1.3) 0 0 2 (2.7) 0 0 0 0 0 0 3 (1.1 0 3(0.9)
Other mtDNA (%) 13 (16.9) 0 2 (6.1) 3 4) 3 (8.8) 9 (22) 0 4 (16.7) 0 8 (28.6) 30 (11) 12 (21.1) 42 (12.7)

? 0-M119, O-M122*, O-M134, O-M175%, NO-M214%*, and C-RPS4Y*.
C-M208, C-M38%*, S-M230*, S-M254*, M-M4*, and M-P34.
F-M89* and K-M9*.

PI1, Ple, P4a, QI, Q2, and R14.
M42 and N12.
u.

b
¢
4 B, Bda, B4bl, B4clb, B4c2, B5a, B5b, D, D5d1, Ela, Elb, E2, Fla, Flal, M7b, M7b3, M7cla, M7clc, Polynesian Motif, R9¢, U2, Y2, pre-Z.
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our new data suggest they might be of EI origin instead.
Most convincing evidence is presented for mtDNA hap-
logroup QI, which is of moderate frequency in EI
(14.2%) and has a mean TMRCA considerably older in
EI (48,089 ybp) relative to Melanesia (34,578 ybp), al-
though dating intervals largely overlap between both re-
gions (supplementary table S3, Supplementary Material
online). Moreover, the mtDNA sequence diversity within
haplogroup Q1 was very high in EI (0.967 = 0.01) making
it somewhat unlikely that this haplogroup exists in EI as
aresult of a recent migration from Melanesia; this is further
confirmed by the low number of shared haplotypes between
the two regions (supplementary able S5, Supplementary
Material online). A network analysis was not clear in infer-
ring the region of origin (fig. 2B). The TMRCA estimates
suggest that Q1 may be a signature of the initial aboriginal
hunter-gatherer population in the Pleistocene that occupied
both EI and New Guinea.

Similar conclusions may be reached for mtDNA hap-
logroup Q2, which was observed in somewhat higher fre-
quency in EI than previously reported from Melanesia
(supplementary table S2, Supplementary Material online).
Although sample size is still relatively small in EI (N = 7,
but even smaller in Melanesia), a network analysis may
suggest a possible EI origin of this mtDNA haplogroup
(fig. 2C). However, Q2 is divided into two branches, one
previously associated with Melanesia and the other with
Australia (Hudjashov et al. 2007), which cannot be distin-
guished on the basis of the HVI1 sequences alone.
Haplogroup Q2 in EI could therefore be of EI ancestry (like
haplogroup Q1), or possibly of Australian ancestry. Se-
quencing whole mtDNA genomes should shed more light
on the origin(s) of haplogroup Q2 in EIL

In sum, at least mtDNA haplogroup Q1, and possibly
Q2, could reflect an ancient shared ancestry between EI
and New Guinea, that is, the Pleistocene aboriginal


supplementary table S4
Supplementary Material
supplementary table S4
Supplementary Material

1872 Mona et al.

hunter-gather population. Reestimating the Melanesian
mtDNA proportions in EI by excluding Q1 and Q2 from
the Melanesian component results in an overall Melanesian
contribution to EI of only 3%, with 3.3% in AN speakers
and 1.8% in NAN speakers (table 3). At the same time, if
Q1 and Q2 are considered as being of EI origin, together
with Ela, Elb, E2, and the Polynesian Motif as suggested
previously (Redd et al. 1995; Richards et al. 1998; Trejaut
et al. 2005; Hill et al. 2007), the level of indigenous EI
mtDNAs rises to 26.7% (27.1% in AN speakers and
24.6% in AN speakers; table 3). No other previous conclu-
sions on regional geographic origins of NRY and mtDNA
haplogroups were altered by the EI data presented here
(supplementary tables S3 and S4, Supplementary Material
online).

Did the Melanesian contribution to EI happen before
or after the arrival of AN speakers in the region? The anal-
ysis of haplotype sharing was not informative enough to
answer this question as only very few haplotypes were
shared between both geographic regions (supplementary
tables S5 and S6, Supplementary Material online). Also,
the coalescent estimates in EI of NRY haplogroups with
a clear East Asian (O-M122* and O-M119) or Melanesian
(S-M254*, M-P34) origin are very similar, with their pos-
terior distribution overlapping significantly (supplementary
table S4, Supplementary Material online). Moreover, be-
cause the TMRCA of a haplogroup depends on the diversity
of the founding/migrant population, it is difficult to estab-
lish which migration came first (ANs vs. NANSs) particu-
larly when the migrations may have occurred at similar
times. Furthermore, as described above, there is disagree-
ment concerning the relative timing of the arrival of AN and
NAN speakers, based on linguistic data.

The presence of both Melanesian and Asian NRY and
mtDNA haplogroups in EI populations is reflected in their
intermediate position in the MDS analyses (fig. 3). For
NRY data, EI populations appear clustered with AN-speaking
Island Melanesians (who also carry Asian and Melanesian
Y-chromosomes) due to their higher Melanesian compo-
nents except for NAN Pantar clustering more with other
Southeast Asians due to the high frequency (43%) of Asian
NRY haplogroups. The real outlier is Adonara grouping
with Australians due to the high frequency of C-RPS4Y*.
However, as expected from mtDNA haplogroup frequen-
cies, EI populations cluster with Southeast Asian and main-
land East Asian populations in the MDS plot based on
mtDNA F; distances except for AN Pantar clustering with
NAN groups from New Guinea due to the high frequency
(70%) of Melanesian mtDNA haplogroups.

Although less pronounced in EI compared with other
regions, we observed a higher eastern Asian component
with mtDNA than with NRY-DNA, and conversely a higher
Melanesian component with NRY-DNA than with mtDNA
in EI, similar to what has been described for Island Mela-
nesia (Kayser, Choi, et al. 2008) and Polynesia (Kayser
et al. 2006). As described elsewhere, a history of sex-biased
admixture between ANs and NANs might explain this re-
sult, confirming previous surveys in Near and Remote Oce-
ania on the modality of the AN migration (Hage and Marck
2003; Kayser et al. 2006; Kayser, Choi, et al. 2008; Kayser,
Lao, and Stoneking 2008).

Genetic versus Linguistic Relationships in Eastern
Indonesia

The proportions of Asian vers3us Melanesian NRY or
mtDNA haplogroups do not differ significantly between AN
and NAN groups of EI (table 3). Moreover, an AMOVA pro-
vided no support for a population grouping according to lin-
guistic (AN vs. NAN) classification for NRY haplogroups
and mtDNA HV1 sequences and only very small (1.4%)
and statistically not significant evidence based on NRY hap-
lotypes (table 4). This lack of a correlation between the ge-
netic and linguistic relationships among EI populations is also
reflected in the MDS analyses. Indeed, in the scatter plots
based on mtDNA and NRY haplogroups, AN and NAN
groups from EI usually cluster together (fig. 3). The only ex-
ceptions are the AN group from Pantar in the mtDNA analysis
(which clustered unexpectedly with NAN groups from New
Guinea), and the AN group from Adonara in the NRY anal-
ysis (which clustered with Australian). Our data thus demon-
strate clear evidence for genetic admixture between AN and
NAN groups, which is in line with linguistic evidence show-
ing that some NAN features occur in AN languages and some
AN features occur in NAN languages of Nusa Tenggara Ti-
mur, eastern Timor, and the Moluccas (Klamer 2002, Klamer
et al. 2008). That NAN groups in EI once were more wide-
spread than today is indicated by the previous existence of the
NAN language Tambora on Sumbawa island, that—along
with almost all its speakers—was lost in a volcanic eruption
in 1815 (Donohue 2007). Notably, Sumba lies more than 500
km west of the current NAN languages in EI and is currently
populated only by AN speakers. A wider spread of NAN
speakers across El in previous times may explain, by means
of genetic admixture, the presence of Melanesian NRY and
mtDNA haplogroups on EI islands currently population only
by AN speakers, as we observed on Flores, Adonara, Solor,
and Lembata, in addition to genetic admixture events between
language groups across EI islands.

Several studies have reported a correlation between lan-
guages and genes on a continental (Barbujani and Sokal
1990) as well as global perspective (Cavalli-Sforza et al.
1988) or within single islands (Lansing et al. 2007; Hunley
et al. 2008). However, regional studies either found no
such relationship (Hunley et al. 2008) or observed
a gene—language correlation only for maternally inherited
mtDNA but not with paternally inherited NRY-DNA due
to sex-biased genetic admixture and the inheritance of lan-
guage via the mothers (Nasidze et al. 2006; Kayser, Choi,
et al. 2008). Our finding of a lack of correlation between
mtDNA-NRY relationships and AN/NAN language affilia-
tion across EI islands appears to contradict the recent study
by Lansing et al. (2007), which came to the opposite conclu-
sion about language—gene relationships in one EI island
(Sumba). However, their analysis was at a different geo-
graphic scale, as they focused on AN groups only from Sum-
ba and examined the correlation between NRY haplogroups
associated with the AN expansion and the retention of proto-
AN cognates in the languages of various Sumbanese groups.
In contrast, we sampled across several islands and compared
the genetic and linguistic relationships of AN and NAN
groups, which is a very different geographic and linguistic
scale than that of Lansing et al. (2007). A lack of correlation
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Table 4

Analysis of Molecular Variance Performed on NRY and mtDNA Data Dividing the Eastern Indonesian Populations into the

Two Linguistic Groups (AN and NAN)

NRY Haplotypes

NRY Haplogroups

mtDNA Haplotypes

Var % of Fixation Var % of Fixation Var % of Fixation

Components Variation Indices Components Variation Indices Components Variation Indices

AG 0.081 1.4 0.014 —0.001 -0.2 —0.002 -0.037 —1.1 —0.011
APWG 0.620* 10.7 0.108* 0.042* 11.1 0.111* 0.135* 4.0 0.039*
WP 5.113% 88.0 0.120%* 0.336%* 89.1 0.109%* 3.301* 97.1 0.029*

AG = among groups; APWG = among populations within groups; WP = within populations. *indicates a P value < 0.0001 (obtained after 1,000 permutations). See

table 1 for AN and NAN groups.

at one level does not preclude a correlation at another level
(or vice versa). Similar differences in geographic scales were
also observed for northern Island Melanesia, where on the
regional scale no correlation between languages and genes
were observed, but within one island (New Britain) linguistic
and genetic data appeared highly correlated (Hunley et al.
2008). Our results therefore emphasize the importance of car-
rying out such comparisons at different geographic scales, in
order to fully investigate questions about the correlations be-
tween genes and languages.

Male-Biased Population Bottleneck in Parts of EI

The NRY data from the Adonara population of EI re-
vealed a strong signal of a population bottleneck with a se-
verely reduced haplogroup (4 = 0.411 £ 0.061; mean
across eastern Indonesia: 7 = 0.786) as well as haplotype
(h=0.871 £ 0.029; mean: & = 0.952) diversity. Additional
evidence was provided by the high frequency of NRY hap-
logroup C-M38* (76%) and the associated Y-STR network
analysis (fig. 2D). This genetic signature of a population
bottleneck was not revealed in the mtDNA analysis, where
diversity estimates are in the range of other regional groups
(haplotype diversity # = 0.898 + 0.017; mean: 7 = 0.859).
Consequently, these data together allow us to conclude
amale-biased bottleneck in the population history of Adonara.
Notably, high frequencies of C-M38%* (71%) were previously
observed in males from Bama on Flores (Lansing et al. 2008)
and in some local groups (up to 94%) from Sumba (Lansing
et al. 2007). Although no associated Y-STR haplotype diver-
sity, network analysis and mtDNA data were presented by
Lansing et al. (2007, 2008), their findings of extremely high
frequencies of C-M38* Y-chromosomes on Flores and Sum-
ba may suggest that the male-biased bottleneck involving
C-M38%, as clearly revealed here for Adonara, has a some-
what wider geographic distribution in the Nusa Tenggara
region, which deserves further investigation.

Paternal and Maternal Lineages Connecting EI with
Australia

We found NRY haplogroup C-RPS4Y* in surpris-
ingly high frequency in EI, accounting for 14.2% of all
EI Y-chromosomes (table 1), which is the highest fre-
quency of any region in our current and previous data
set (supplementary table S1, Supplementary Material on-
line). The RPS4YT mutation characterizing the major hap-

logroup C represents one of the two oldest branches of the
NRY tree in Asia/Oceania (in addition to M9) (supplemen-
tary fig. S1, Supplementary Material online) (Underhill
et al. 2001). It most likely represents the oldest NRY hap-
logroup of Asian origin in EI. Haplogroup C-RPS4Y* (ex-
cluding the presence of DYS390.1del, and the derived state
of M38, M217, and M210) has not been reported in East
Asia or Polynesia, is almost completely absent from Mel-
anesia (reported so far from one male from coastal PNG and
one Fijian), and is very rare in Southeast Asia (outside EI)
(table S1, Supplementary Material online) (Kayser et al.
2001, 2006). However, this NRY lineage was previously
found at an appreciable frequency (~10%) in northern
Australian Aborigines (Kayser et al. 2001, 2006) and also,
albeit less frequently (~1.3%), in central Australian Abo-
rigines (Redd et al. 2002). Extremely high frequencies of
C-RPS4Y*(xM38) (92%) were also previously found in
males from Cibol on Flores (Lansing et al. 2008), although
M217 was not typed and no data on DYS390.1del are re-
ported in this study, their presence is unlikely in an EI pop-
ulation, as demonstrated here.

A possible link between EI and Australia is supported
by both the MDS plot (fig. 3A) and the network analysis for
C-RPS4Y* (fig. 2E), which indicates a close relationship
between EI and Australian Y-STR haplotypes. The Y-
STR DYS390.1 deletion, occurring in complete association
with the derived state of RPS4Y (Kayser et al. 2001), was
here confirmed to be absent from EI; hence, this deletion
remains specific to Australia, where it most likely origi-
nated (Kayser et al. 2001). The Y-STR diversity and
TMRCA associated with C-RPS4Y* in EI (supplementary
table S4, Supplementary Material online), suggests that any
link between EI and Australia reflects the pre-Neolithic
gene pool of the area, rather than a signature of more recent
migration from/to Australia.

C-RPS4Y* was also previously found in India, albeit
in low frequency, and was used to support an ancient ge-
netic link between India and Australia (Redd et al. 2002).
Our new data on C-RPS4Y* in EI may thus serve as indi-
cator for an ancient migration from Asia via India and EI
into Australia. Further support for this scenario comes from
two mtDNA haplogroups, M42 and N 12, found in EI (albeit
at low frequency, table 2), which were previously observed
only in Australia (Pierson et al. 2006; Hudjashov et al.
2007): complete mtDNA sequencing of these individuals
may shed more light on this question. These NRY and
mtDNA haplogroups linking EI and Australia are com-
pletely absent (or nearly so) from New Guinea, which
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was connected with Australia forming the Sahul continent
until about 7-8,000 ybp. Assuming a common origin of
Australian and New Guinean Aborigines (Hudjashov
et al. 2007) these haplogroups must have been lost by drift
in New Guinea; alternatively, the settlement of Sahul from
Sunda occurred in several independent waves to New
Guinea and to Australia. This latter scenario is supported
by genetic differences between New Guinea and Australia,
as previously observed with NRY (Kayser et al. 2001) and
mtDNA (Redd and Stoneking 1999) data.

Conclusions

Our mtDNA and NRY data suggest a complex genetic
history in eastern Indonesia, with components that reflect
contributions from AN-speaking migrants from East Asia
and NAN-speaking migrants from Melanesia. In addition,
we find components that appear to reflect an ancient indig-
enous eastern Indonesian gene pool that is partly shared
with Australia. Thus, genetically, EI is a melting pot. Lin-
guistic data, too, have indicated extensive contact between
AN-speaking and NAN-speaking groups in this region
(Klamer 2002, 2008). We cannot exclude that eastern
Indonesian groups who currently speak AN languages
spoke NAN languages in the past, or vice versa, and that
some of the Melanesian genetic signals we identified in
AN speakers, or East Asian signals we detected in NAN
speakers of eastern Indonesia, reflect such complete lan-
guage shifts. In any case, Asian and Melanesian genetic
components appear in all eastern Indonesian groups regard-
less of their current language, indicating a long history of
genetic admixture in the Nusa Tenggara Timur and eastern
Timor region of EIL

Overall, although a correlation between genes and lan-
guages is often assumed and indeed has been found within
single islands (Lansing et al. 2007; Hunley et al. 2008), and
at continental (Barbujani and Sokal 1990) as well as global
levels (Cavalli-Sforza et al. 1988), exceptions have been
reported (Nasidze et al. 2006), including AN and NAN
groups from island Melanesia (Hunley et al. 2008). We
demonstrated that the region of EI represents a clear exam-
ple where human migration and admixture history, perhaps
together with language shift, have diminished such corre-
lations over time.

Supplementary Material

Supplementary tables S1-S6 and supplementary
figures S1-S2 are available at Molecular Biology and
Evolution online (http://www.mbe.oxfordjournals.org/).

Note Added in Proof

Of the nine EI individuals with NRY haplogroup
0O-M119 additional genotyping of the Y-SNP M110 revealed
that from the six eastern Timor AN five belong to O-M110
(one sample could not be typed due to limited DNA) as
well as the single individual from eastern Timor NAN,
whereas the single Adonaran and the single Pantar NAN
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carry O-M119*(xM110). Evidence for a Taiwanese origin
of O-M110, which is the most frequent Asian NRY hap-
logroup in Island Melanesia, is described elsewhere (Kayser,
Choi, et al. 2008).
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