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Genome-wide Analysis Indicates More Asian
than Melanesian Ancestry of Polynesians

Manfred Kayser,!.8* Oscar Lao,1.8 Kathrin Saar,2 Silke Brauer,!.3 Xingyu Wang,4 Peter Niirnberg,s
Ronald ]. Trent,® and Mark Stoneking”

Analyses of mitochondrial DNA (mtDNA) and nonrecombining Y chromosome (NRY) variation in the same populations are sometimes
concordant but sometimes discordant. Perhaps the most dramatic example known of the latter concerns Polynesians, in which about
94% of Polynesian mtDNAs are of East Asian origin, while about 66% of Polynesian Y chromosomes are of Melanesian origin. Here we
analyze on a genome-wide scale, to our knowledge for the first time, the origins of the autosomal gene pool of Polynesians by screening
377 autosomal short tandem repeat (STR) loci in 47 Pacific Islanders and compare the results with those obtained from 44 Chinese and
24 individuals from Papua New Guinea. Our data indicate that on average about 79% of the Polynesian autosomal gene pool is of East
Asian origin and 21% is of Melanesian origin. The genetic data thus suggest a dual origin of Polynesians with a high East Asian but also
considerable Melanesian component, reflecting sex-biased admixture in Polynesian history in agreement with the Slow Boat model.
More generally, these results also demonstrate that conclusions based solely on uniparental markers, which are frequently used in

population history studies, may not accurately reflect the history of the autosomal gene pool of a population.

Previous analyses of mtDNA and NRY variation in Polyne-
sians have demonstrated a dramatic discrepancy in the or-
igins of the Polynesian mtDNA and NRY gene pools:'™
about 94% of Polynesian mtDNAs are of East Asian origin
and only 6% are of Melanesian origin (consisting of main-
land New Guinea and surrounding islands, also known
as Near Oceania), whereas 66% of Polynesian Y chromo-
somes are of Melanesian origin and only 28% are of
East Asian origin.* To explain this discrepancy, the Slow
Boat hypothesis for Polynesian origins was formulated,
according to which the ancestors of Polynesians migrated
from East Asia/Taiwan through New Guinea and Island
Melanesia, mixing extensively with the local populations
as they did so, before continuing eastward to colonize
Remote Oceania/Polynesia.?* This mixing was sex biased,
involving many more Melanesian males than females
admixing with East Asian newcomers, consistent with
the view that ancestral Polynesian society may have been
matrilocal in residence (men move to their wife’s land)
and matrilineal in descent (clans are inherited through
the mothers line).*® This large discrepancy between the
mtDNA and NRY genetic contributions of East Asian and
Melanesian ancestors to Polynesians raises the question
as to the constitution of the autosomal gene pool of
Polynesians. To address this question, we genotyped 377
genome-wide distributed autosomal short tandem repeat
(STR) loci in 47 Polynesians (10 Cook Islanders, 10
Tongans, 18 Samoans, 5 Tokelau Islanders, and 4 Nuie
Islanders), 44 Han Chinese from Beijing, and 24 Papua
New Guineans from the interior highlands (15 from the

Eastern Highlands, 9 from the Southern Highlands). Geno-
typing was performed essentially as described elsewhere.”
Additional STR loci were chosen to reduce the average dis-
tance between markers to 8.8 cM; the genotype data are
available from the authors.

Some basic statistics of genetic diversity in these three
groups, based on the 377 STR loci, are presented in Table 1
and indicate that diversity in the Polynesians is interme-
diate between that of Chinese and New Guineans. Previous
evidence from NRY and mtDNA data indicates that Poly-
nesians have NRY and mtDNA haplogroups of both East
Asian and Melanesian origins.'™*®'? We therefore hy-
pothesized that Fast Asians and Melanesians represent
the parental populations of Polynesians, and we estimated
the genome-wide autosomal proportion of the East Asian
(represented by the Chinese samples) and Melanesian (rep-
resented by the PNG samples) contribution to Polynesians.
However, the estimation of the East Asian and Melanesian
components in the current Polynesian autosomal gene
pool is potentially complicated by the severe bottlenecks
that accompanied the migrations to and through the Pa-
cific (Remote Oceania), as well as the relatively long period
since the admixture occurred, approximately 3500 years
ago.?

Several methods have been proposed for estimating the
amount of admixture of a hybrid population,'* of which
two seem to be more robust to departures from model as-
sumptions. These are the maximum likelihood method
proposed by Wang'® as implemented in the program
LEADMIX and the coalescent approach proposed by
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Table 1.

Genetic Diversity in the Chinese, New Guinean, and Polynesian Samples, Based on 377 Autosomal STR Loci

No. of Average Gene Diversity Average Number of Average Number of Mean Number of Pair-wise
Population Individuals over Loci (1 SD) Alleles per Locus Nonshared Alleles per Locus Differences (=1 SD)
Chinese 44 0.73 (0.35) 7.72 1.26 274.62 (118.53)
New Guineans 24 0.68 (0.33) 6.07 0.44 256.16 (111.48)
Polynesians 47 0.70 (0.33) 6.86 0.53 264.29 (114.01)

Bertorelle and Excoffier.'® The latter approach has been re-
cently incorporated into an Approximate Bayesian Com-
putation (ABC) framework,'” which seems to be especially
suited for STR data.'® The model underlying these two
methods assumes that an ancestral population splits into
the two parental populations, which diverge for some
period of time and then meet once to form the admixed
population (Figure 1).

We performed LEADMIX and ABC simulations on the
total data set from 377 genome-wide autosomal STR loci.
The ABC program was kindly provided to us by L. Excoffier.
In the case of LEADMIX, we used the default parameters
suggested previously;'® results are presented in Table 2.
For the ABC approach, we used the same prior distribu-
tions and summary statistics as suggested previously'®
with the exception of the statistic that computes the aver-
age extent of linkage disequilibrium D’ between indepen-
dent markers in the admixed population. Because the
time for computing this statistic increases to square with
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Figure 1. Model of Admixture Assumed in This Study, as
Proposed Elsewhere'®

In this model, the Polynesian population is considered to be the
result of a single admixture event between the Asian and Melane-
sian parental populations, and after this event no further migra-
tion is observed between the three populations. Ne, effective
population size; A, the amount of parental ancestry of the Chinese
population. The “c” index indicates the Chinese population, the “p”
index the Polynesian population, the “m” index the Melanesian
population, and the “a” index the ancestral population.

the number of loci, it turned out to considerably increase
the computational time of each simulation with our
current data set of 377 STRs. The proposed statistics try
to capture different aspects of the demographic processes
shaping the genetic diversity of the populations, includ-
ing the presence of bottlenecks (i.e., the M statistics'?)
and the amount of admixture between the two parental
populations (i.e., the my statistic). We performed 500,000
simulations with the program SIMCOAL 2.0.2° The ABC
program'® was then used to estimate the parameters by
means of local and weighted linear regression on the best
1000 simulations after transformation of the data.?! We in-
creased the number of simulations suggested by Excoffier
et al.'® by factor 5 to achieve reliable results given the
relatively large number of genetic markers used and the
expected complexity of the demographic history of the
populations analyzed. Results of the ABC approach are
presented in Table 3. An additional analysis considering
100,000 simulations with ascertaining the best 1000 simu-
lations produced similar results although with larger cred-
ible intervals (data not shown).

The resulting admixture estimates from the two
methods were highly concordant (Tables 2 and 3). Also,
the posterior distribution of the amount of admixture as
estimated with the ABC approach showed a clear improve-
ment of the uncertainty about the parameters when com-
pared with the uniform prior distribution (see Figure 2).
Both methods indicate that 79% of the autosomal gene
pool of the Polynesian sample is of East Asian origin and
about 21% is of Melanesian origin, which is more similar

Table 2. Maximum Likelihood Estimations of the Parameters
of Interest from LEADMIX

Parameter Mode +95%CI —95%(CI
t1 0.029 0.033 0.025

t2 0.086 0.094 0.077

T 0.004 0.006 0.002

T2 0.002 0.008 <0.0001
TH 0.031 0.032 0.0230

A 0.792 0.837 0.761

t1 is the time scaled by the effective population size (Ne) of the Chinese
population after the split of the ancestral population, t2 is the time scaled
by Ne of the Melanesian population after the split of the ancestral popula-
tion, T1 is the time scaled by Ne of the Chinese population after the admix-
ture, T2 is the time scaled by Ne of the Melanesian population after the ad-
mixture, TH is the time scaled by Ne of the Polynesian population, and A is
the proportion of admixture of the Chinese population in the Polynesian
population (last row).
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Table 3. Results from the ABC Simulations

Parameter Mode +95%CI —95%(CI

t1 0.89168814 1.50137272 0.43075782
t2 22.65190747 36.38889742 12.1004948
T 0.00073835 0.02132547 0.00032565
T2 0.51937706 6.64472347 0.1695372
TH 6.93398065 8.19012123 0.43595085
A 0.791 0.977 0.274

Abbreviations as in Table 2.

to the mtDNA estimates than to the NRY estimates of
admixture in these very same samples (Figure 3).

Our admixture estimates could be distorted by European
admixture, which is prevalent in some Polynesian
groups®? but is much less in the sample set from which
the 47 Polynesians used here were ascertained.* We there-
fore had selected Polynesian samples for autosomal STR
genotyping that do not carry European mtDNA or NRY
haplogroups and whose self-described ancestry does not
include any Europeans for at least two generations. None-
theless, we cannot exclude some small amount of Euro-
pean admixture in these samples.

The admixture estimates also depend critically on the
choice of “parental” populations. Linguistic evidence
strongly suggests that Taiwan was the ancestral homeland
of the proto-Austronesians*® who ultimately colonized
Polynesia, which in turn suggests that Taiwan Aborigines
may be a more appropriate “Asian parental” population
than Han Chinese. However, mtDNA and NRY evidence
suggests further bottlenecks in aboriginal Taiwanese'*
and that Han Chinese and other East Asian groups are
highly similar to one another and are as similar (or even
more similar) to Polynesians than are aboriginal Taiwa-
nese.* Thus, the use of a different East Asian group is
unlikely to change the admixture estimate. With regard
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to the “Melanesian parental” population, the admixture
between Polynesian ancestors and Melanesians took most
likely place somewhere in coastal/island New Guinea
(probably the Bismarck Archipelago®'?) because Austrone-
sians arrived in Melanesia by boat, so it may be argued that
a coastal/island New Guinea population would be more ap-
propriate than a highland New Guinea population as the
parental Melanesian population. However, coastal/island
New Guinea populations usually exhibit some proportion
of Asian mtDNA and/or NRY types*® as result of genetic
admixture, whereas non-Austronesian-speaking highland
New Guinea groups usually lack Asian-specific markers re-
sulting from a lack of such admixture.*?* Therefore, High-
land New Guineans provide the best available estimate of
a nonadmixed Melanesian population.

To investigate any possible influence of selection on
these admixture estimates obtained from the autosomal
STR data, we repeated the simulations for a subset of 107
putatively neutral loci that were selected to be at least
100 kb away from any known genes. The admixture and
other demographic parameter estimates did not differ sig-
nificantly between this subset of putatively neutral loci
and the full data set (results not shown), indicating that
selection on genes is not influencing the admixture esti-
mates obtained here.

We also attempted to obtain individual-based estimates
of admixture by using the program STRUCTURE,*® but
the output results were highly sensitive to the model as-
sumptions in that different results were obtained in differ-
ent runs of the program. We speculate that this failure to
obtain consistent results with STRUCTURE could be due
to the high mutation rate of the STR loci and/or the impact
of bottlenecks on the autosomal allele frequencies. This
is supported by the fact that the parental populations
and the Polynesians carry a relatively large number of
nonshared alleles per locus (Table 1), as a result of new
mutations and/or alleles lost because of drift.

Figure 2. Prior and Posterior Distribu-
tion of the Amount of Asian Admixture
(Expressed as 1) in Polynesians.
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Figure 3. Estimated Proportion of
Asian and Melanesian Ancestry in 47
Polynesians

Based on the 377 autosomal STR loci
(aSTR-1, based on LEADMIX; aSTR-2, based
on the ABC approach). The estimated con-
tribution of Asian and Melanesian mtDNA
and NRY haplogroups for this sample of
47 Polynesians does not differ significantly
from a larger sample of 321 Polynesians*
(data not shown). For the mtDNA and
NRY data, standard errors were calculated
from frequency estimates of haplogroups
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of Asian and Melanasian origin among

NRY those Polynesian individuals also analyzed

for the aSTRs. For the aSTR data, standard errors were estimated from the 95% CI values of the amount of Asian admixture (expressed
as A) in the Polynesian individuals analyzed by the two simulation approaches. Only the positive errors are shown because they

are symmetrical.

Overall, the genetic data suggest a dual origin of Polyne-
sians, with a mostly East Asian but also considerable Mela-
nesian genetic component. This is in keeping with models
of Polynesian origins, such as the Triple-I*’ and Slow
Boat>* models, which propose substantial admixture be-
tween Polynesian ancestors and Melanesians before the
colonization of the Pacific (Remote Oceania). Models that
do not allow for both a primarily East Asian source of
Polynesians as well as considerable Melanesian genetic
input, such as the Express Train*® and Entangled Bank®’
models, can be rejected based on the genetic evidence.
Models that propose an older origin of Polynesians, such
as the Slow Boat model of Oppenheimer and Richards,*°
which postulates an origin in island Southeast Asia some
17,000 years ago, are also not supported by the genetic
evidence.

In addition and more generally, our results suggest that
single-locus studies of population histories (in particular,
mtDNA and/or the Y chromosome) should be interpreted
cautiously, because they may not be representative of the
entire genome. In particular, in the present case, estimates
of the Melanesian contribution to Polynesians based on
NRY data differ dramatically from estimates based on
genome-wide STR data (Figure 3) and are thus not repre-
sentative of the total (autosomal) Polynesian gene pool.
However, although the autosomal STR data provide more
reliable admixture estimates than can be obtained from
mtDNA or NRY data (because they are based on many
loci and are representative of the entire genome), the
mtDNA and NRY data nonetheless provide insights into
the admixture process that the autosomal data cannot pro-
vide. In particular, the large discrepancy in the estimated
Asian and Melanesian contributions to Polynesians for
mtDNA versus the Y chromosome suggests sex-biased ge-
netic admixture during Polynesian history. This admixture
mostly involved Melanesian men (as evidenced by the
high proportion of Melanesian Y chromosomes in Polyne-
sia) and Asian women (as evidenced by the high propor-
tion of Asian mtDNAs in Polynesia), an interesting finding

that cannot be observed from the autosomal data. This sce-
nario is supported by suggestions of matrilineal descent
and matrilocal residence in the ancient Polynesian soci-
ety,>® which would therefore favor incorporation of Mela-
nesian men rather than women into the ancestral Polyne-
sian groups. Thus, although it is entirely appropriate (and
necessary) that genetic studies of human population his-
tory should turn to autosomal data, in particular to take
full advantage of the increasingly sophisticated demo-
graphic models as well as of increasingly automated geno-
typing technologies that are now becoming available,
studies of mtDNA and NRY variation can still provide in-
valuable insights into the history of human populations.
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Web Resources
The URLSs for data presented herein are as follows:

ABC, http://cmpg.unibe.ch/people/Excoffier-perso.htm
LEADMIX, http://www.zoo.cam.ac.uk/ioz/software.htm
SIMCOAL2, http://cmpg.unibe.ch/software/simcoal2/
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