Polynesian origins: Insights from the Y chromosome
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The question surrounding the colonization of Polynesia has re-
mained controversial. Two hypotheses, one postulating Taiwan as
the putative homeland and the other asserting a Melanesian origin
of the Polynesian people, have received considerable attention. In
this work, we present haplotype data based on the distribution of
19 biallelic polymorphisms on the Y chromosome in a sample of 551
male individuals from 36 populations living in Southeast Asia,
Taiwan, Micronesia, Melanesia, and Polynesia. Surprisingly, nearly
none of the Taiwanese Y haplotypes were found in Micronesia and
Polynesia. Likewise, a Melanesian-specific haplotype was not
found among the Polynesians. However, all of the Polynesian,
Micronesian, and Taiwanese haplotypes are present in the extant
Southeast Asian populations. Evidently, the Y-chromosome data
do not lend support to either of the prevailing hypotheses. Rather,
we postulate that Southeast Asia provided a genetic source for two
independent migrations, one toward Taiwan and the other toward
Polynesia through island Southeast Asia.

he major prehistoric events leading to the settlement of

Polynesia have been examined from various perspectives,
and two different models of population movements are pro-
posed. The first of these, dubbed the “express train” model (1),
based primarily on archeological and linguistic evidence (2),
claims that about 4,000 to 5,000 years B.P. a rapid eastward
migration of humans began in Southern China spreading Aus-
tronesian language and the associated Lapita culture through the
Pacific islands and culminating in the colonization of Polynesia.
In this model, Taiwan, which is adjacent to the Asian mainland,
was colonized first. This hypothesis is supported by recent
mtDNA data (3-6), which tie the Taiwanese aborigines with the
Polynesians. The second hypothesis proposed by Terrell (7)
asserts a neighboring homeland of the Polynesians in Melanesia,
in which the Polynesians evolved in a complex nexus of inter-
actions among the already settled Pacific islanders.

Although most genetic evidence favors the former hypothesis,
the debate continues and other plausible scenarios are being
examined as well. Notably, Richards et al. (8) recently suggested
that evidence from mtDNA data is, in fact, more consistent with
an origin in eastern Indonesia.

In recent years, the power of Y-chromosome markers in
resolving evolutionary histories of human populations has been
greatly recognized (9, 10). This is so because markers on the
nonrecombining portion of the Y chromosome allow construc-
tion of intact haplotypes and thus, male-mediated migration can
be readily recognized. Identification of a large number of
biallelic markers on the Y chromosome (12, 13)™ has augmented
such studies. In this study, we have reviewed the origin of the
Polynesian people from this angle through an analysis of 19
biallelic markers on 551 males derived from 36 populations living
in greater Southeast Asia, Micronesia, Melanesia, and Polynesia.

Materials and Methods

Names, sample sizes, and geographic locations of the studied
populations are given in Table 1 and Fig. 1. Some of the

published data (14) on Southeast Asian populations have been
incorporated in this study for purposes of comparison. The
details of the 19 biallelic markers, PCR amplification protocols,
haplotype construction, and nomenclature are given in Su et al.
(14). Primer sequences and protocols for PCR amplification and
analysis of these markers are available on request. Haplotype
diversity was calculated following the method of Nei (15), and
genetic distances were computed following Nei (15) and Reyn-
olds et al. (16).

Results and Discussion

Using 19 biallelic markers, we identified 15 haplotypes in the
total sample of 551 Y chromosomes. The haplotype frequencies
in various populations are shown in Table 1. Earlier we had
presented a parsimonious phylogenetic tree of the haplotypes
based on the 19 markers (14), in which H1 was considered as the
ancestral haplotype because of its appearance in chimpanzees.
Among the other haplotypes, H2 is also relatively ancient with
its occurrence in both African and non-African populations; and,
HS appeared as the common ancestor of all other non-African
haplotypes, which are regionally distributed. The Southeast
Asians, with a total of 14 haplotypes and haplotypic diversity of
0.88, are by far the most diverse among all of the studied
populations. The only missing haplotype is H17, which is appar-
ently Melanesian-specific. The pooled 58 aboriginal Taiwanese
males share seven of these haplotypes (H6-H12), with a diversity
0f 0.70. Two of these haplotypes (H6 and H7) were observed only
in the Atayal population. In the pooled sample of 113 Micro-
nesian and Polynesian individuals, we identified 10 haplotypes
(haplotype diversity of 0.72), of which nine (H1, H2, H4, HS, H6,
HS8, H10, H12, and H14) are shared with the Southeast Asians.
The tenth haplotype is H17, which was found only in two Trukese
individuals.

A comparison of the haplotype distributions among the
Micronesians and Polynesians with those in the Taiwanese
populations is noteworthy. With the exception of H6, these two
groups of populations harbor two independent sets of haplo-
types. H1, H2, H4, and HS5 are present exclusively in Micro-
nesia and Polynesia. Likewise, Taiwanese haplotypes H7, HS,
H9, H10, H11, and H12 are absent in Polynesia and compar-
atively rare in Micronesia. In fact, Micronesians and Polyne-
sians together share only four haplotypes with the Taiwanese,
three of which were found in Micronesia but not in Polynesia,
which may reflect a more recent gene flow from Southeast
Asia into Micronesia. Conspicuously, both H1 (the ancestral
haplotype) and H5 (common ancestor of non-African haplo-
types) are absent in the aboriginal Taiwanese populations,
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Table 1. Y-chromosome haplotype frequency distribution in Asian and Oceanic populations

Haplotypes

H6 H7 H8 H9 H10 HM H12 H14 H16 H17

Populations N H1 H2 H3 H4 H5
Southeast Asia
Tujia (1)* 10 10 20
Yao (2)* 20 35 15 10
Dong (3)* 10 20
Yi (4)* 14 14.3 42.9
She (5)* 11 18.2 9.1
Li (6)* 11
Zhuang (7)* 28 3.6 3.6 71 3.6
North Thai (8) 20 20
Northeast Thai (9)* 20 5 5
So (10) 5 20 20
Cambodian (11)* 26 3.8 3.8 115 11.5
Orang Asli (12) 17 23.5
Malay (13) 27 3.7 18.5
Batak (14)* 18 5.6 5.6 11.1
Javanese (15)* 11 9.1 9.1 27.3
Kota Kinabalu (16) 19 105 5.3
Taiwan
Bunun (17) 9
Atayal (18)* 24
Yami (19)*
Paiwan (20)* 11
Ami (21)* 6
Melanesia
Bankes & Torres (22) 6 333 333
Maewo (23) 10 60
Santo (24) 4 100
Nasioi Melanesian (25) 3
New Guinea (26) 90 15.5 2.2 433
Micronesia
Truk (27) 17 5.9 64.7
Majuro (28) 9 11.1 66.7
Kiribati (29) 11
Guam (30) 6 16.7 16.7 333
Palau (31) 13 7.7 7.7 61.5
Phonpei (32) 10 30 70
Nauru (33) 7 28.6
Polynesia
Kapingamarangi (34) 10 30 70
Tonga (35) 1
Samoan (36) 29 483 6.9

30 10 20 10
15 15 20
10 20 20 10 20
21.4 7.1 14.3
182 273 182 9.1
9.1 27.3 54.5 9.1
3.6 25 17.9 25 10.7
5 30 20 20 5
5 5 5 5 45 20 5
40 20
3.8 15.4 3.8 3.8  23.1 11.5 3.8 3.8
5.9 5.9 64.7
333 22.2 3.7 1438 3.7
1.1 167 22.2 27.8
9.1 18.2 9.1 18.2
10.5 316 105 26.3 5.3
1.1 66.7 22.2
29.2 4.2 42 542 8.3
25 75
182 545 273
100
16.7 16.7
20 20
100
38.9
5.9 5.9 5.9 11.8
22.2
63.6 9.1 27.3
333
23.1
71.4
100
414 3.5

Numbers in parentheses refer to location of populations in Fig. 1.
*Data published in Su et al. (14).

whereas they are present in appreciable frequencies in most
Micronesian and Polynesian populations. It is evident that the
Taiwanese aboriginal populations on one hand, and the Mi-
cronesians and Polynesians on the other, carry two different
subsets of haplotypes found in the extant Southeast Asian
populations. Genetic distance calculations (Table 2) show that
the divergence between Taiwanese and Micronesian/
Polynesian populations is twice as great as the divergence of
either population groups from Southeast Asians.

The express train model views that the settlement of Taiwan
had occurred about 5,000 to 6,000 years ago through a proto-
Austronesian migration from coastal Southern China. Although
Austronesian languages are no longer spoken in southern parts
of China, our data do not preclude the possibility of the coastal
southern Chinese being the founders of the present-day Taiwan-
ese aborigines for the reason, as noted above, that Taiwanese
Y-chromosome haplotypes represent a subset that is observed in
greater southeast Asia including southern China. We should
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note that several of the coastal Chinese populations (namely,
Tujia, Yao, Dong, She, Li, and Zhuang) cited in this study, who,
with the expansion of Han Chinese during the past 2,000 years,
had moved to the southwest part of China (namely, Yunnan,
Guizhou, and Sichuan), share a similar Y-haplotype profile with
the other southeast Asian populations. Evidently the distribution
of Y-chromosome haplotypes strongly suggests a genetic con-
tinuum throughout greater Southeast Asia including southern
China, mainland, and insular Southeast Asia. This continuum is
apparent across populations irrespective of their linguistic affil-
iations, namely, Sino-Tibetan, Hmong Mien, Austroasiatic, and
Austronesian speakers. Notwithstanding these observations, the
Y-chromosome data do not favor a Polynesian homeland in
Taiwan. However, our findings do not refute the fast train model
in its entirety, which contends the spread of Austronesian
language and Lapita culture from Southeast Asia. Furthermore,
the extent of haplotype diversity is the highest in Southeast Asia
compared with any other populations further complementing

Su etal.
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Map showing the locations of the studied populations. The numbers correspond to the population names and respective numbers in parentheses in

Table 1. Note that the Polynesian population Kapingamarangi (labeled 34) is geographically located in Micronesia.

the notion of a Southeast Asian homeland. The most plausible
explanation of our data is that both the Taiwanese and the
Polynesian populations derive their ancestry in Southeast Asia.
Nonetheless, colonization of Polynesia had likely occurred via a
route out of Southeast Asia independent of the expansion toward
Taiwan. At this time, however, it is not possible to conclusively
localize the center of origin of the Polynesian ancestors. Alter-
natively our data could be viewed as a spread of Y-chromosome
haplotypes out of China to Taiwan and then to Micronesia/
Polynesia; and in this model, the haplotypes became distin-
guished on account of random extinction of Y-chromosome
lineages in different geographic regions. However, this model
seems unlikely in view of the fact that multiple populations from
the same geographical region in our study tend to show a similar
distribution of haplotypes. It is worth noting that two of the
predominant haplotypes, H1 and H5, are completely absent in all
five Taiwanese populations.

The extent of any contribution from Melanesian populations
in the peopling of Polynesia and Micronesia has been contro-
versial (7, 17). Our finding of H17 being almost exclusively
restricted to Melanesian populations, with an appearance else-

Table 2. Genetic distances

Populations Dm* Dstt Fstt

SE Asia - Taiwan 0.108 0.268 0.098
SE Asia - Micronesia/Polynesia 0.103 0.279 0.097
Taiwan - Micronesia/Polynesia 0.250 0.876 0.203

*Nei (15).
TReynolds et al. (16).
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where in only one Micronesian group (12% in Trukese), is highly
noteworthy. The absence of H17 from Polynesian populations
suggests that the contribution of Melanesian Y-chromosomal
haplotypes to the Polynesian expansion is very low or negligible,
in contrast to the higher proportion of Melanesian alleles seen
at nuclear and mtDNA loci (3, 18). The reason for this discrep-
ancy is not clear, but the forces of drift would have different
effects on different loci, especially during the population bot-
tlenecks involved in the settlement of Polynesia (19). Further,
sex-dependent migration could have played an important role in
the process of Pacific colonization (17) as also has been impli-
cated in geographic dispersal of human populations elsewhere
(20, 21).

In the context of recent Polynesian history, the Y-
chromosome study by Hurles et al. (11) should be noted. They
reported extensive European admixture in Polynesia. Our data,
however, do not show any significant European contribution.
The European-specific haplotype H14 (14) was observed only in
two individuals, one Micronesian and one Polynesian. The
difference in these two studies could be attributed to differences
in the studied populations. The Polynesian samples in Hurles et
al.’s study were collected from Rarotonga in the Cook Islands.
It also should be noted that European admixture is a relatively
more recent historical event and possibly has not reached all of
the populations of the region, which do not mask the genetic trail
of the original prehistoric migration of the Polynesians.

mtDNA data suggested a spread of humans from Taiwan to
Polynesia by way of a corridor through the Philippines and
Indonesia. A pattern involving nucleotide substitutions in the
control region of the mtDNA genome, dubbed the Polynesian
motif (5, 6), was found in high frequencies in this corridor with
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the highest in Polynesia. Related types of this motif also were
found in appreciable frequencies in this area of distribution and
the Taiwanese populations showed the highest diversity. Based
on these observations, the origin of the Polynesian motif was
traced to Taiwan (6), which seemed to provide strong genetic
support to the express train hypothesis. A recent reanalysis (8)
of the published mtDNA data (3, 5), however, questioned the
validity of this proposition. Richards et al. (8) argued that, based
on assessment of divergence times for the motif and age esti-
mates of the relevant populations, mtDNA data do not support
a Taiwanese origin of the Polynesians. Rather, the evidence is
more consistent with an island Southeast Asian ancestry, the
homeland being in eastern Indonesia. Although our findings are
more in line with this general position, the Y-chromosome data
do not unequivocally point to “a center of origin” of the
Polynesian people, and island Southeast Asia emerges more
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likely as a midway station en route to Polynesia. Further in the
context of the Polynesian motif, we found that one of the
derivatives, a CAT substitution, is distributed all over Southeast
Asia including southern China (data not shown). With the
Polynesian motif not being discretely associated with the Tai-
wanese and island Southeast Asians alone on one hand, and the
distribution pattern of the Y-chromosome haplotypes presented
here on the other, the greater Southeast Asian enclave assumes
the ancestral position in the cascade of Pacific colonization.
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