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DRD4 VNTR polymorphism in Oceanic populations
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Abstract To study the origin of Polynesians and the gene flow from Polynesian ancestors to indig-
enous Melanesians, a 48-bp variable number of tandem repeats (VNTR) in exon 3 of the dopamine D4
receptor (DRD4) gene was investigated for six Austronesian (AN)-speaking populations—two in Tonga
(Nuku’alofa and Ha’apai), three in Solomon Islands (Munda, Paradise, and Rawaki, of whom Rawaki
was a Micronesian migrant group), and one in Papua New Guinea (Balopa), and one Non-Austronesian
(NAN)-speaking population in Papua New Guinea (Gidra). In these Oceanic populations, six VNTR
alleles with 2 (2R) to 11 (7R) repeats were observed. The most frequent DRD4 VNTR allele was the
4R allele, although the allele frequencies of 2R and 7R varied markedly among them, characterized
by high frequencies of 7R and lack of 2R in NAN-speaking Melanesians (Gidra), and high frequencies
of 2R and low or null frequencies of 7R in AN-speaking Polynesians (Nuku’alofa and Ha’apai) and
Micronesians (Rawaki). The allele frequency distribution of DRD4 VNTR in Polynesians was similar
to that in Aboriginal Taiwanese (Ami and Atayal), supporting the hypothesis that Polynesian ancestors
were derived from Southeast Asians (probably Taiwanese). A principal component analysis for South-
east Asian and Oceanic populations based on the DRD4 VNTR allele frequencies revealed that AN-
speaking Melanesian populations were genetically placed between two AN-speaking Polynesian and
one NAN-speaking Melanesian populations. These results provide evidence of gene flow from Polyne-
sian ancestors to indigenous Melanesians while Polynesian ancestors passed through Melanesia.
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Introduction

Based on accumulated evidence from linguistic, archeo-
logical, and genetic studies, it has been suggested that the
ancestors of Austronesian (AN)-speaking Polynesians mi-
grated from continental Asia, passed through the islands of
Southeast Asia and Melanesia, and finally reached Polynesia

less than 2000 years BP. Before their appearance in the
Oceanic region, Non-Austronesian (NAN)-speaking people,
potential descendants of the first human population who ar-
rived in the Sahul continent (the single Pleistocene-era con-
tinent which comprised the present-day Australia, New
Guinea and Tasmania) 40000–60000 years BP (O’Connell
and Allen, 2004), had already settled in New Guinea and its
neighboring islands in Melanesia.
Diamond (1988) proposed a hypothesis, called the

‘express train’ model, that Polynesian ancestors originated
in Southeast Asia, predominantly Taiwan, and then rapidly
spread to the remote Pacific with little genetic admixture
with NAN-speaking groups in Melanesia. The ‘express
train’ model is well supported by genetic studies on mito-
chondrial DNA (mtDNA) polymorphisms (Hertzberg et al.,
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1989; Stoneking et al., 1990; Trejaut et al., 2005). On the
other hand, based on the Y-chromosome polymorphisms,
Kayser et al. (2000, 2006) proposed the ‘slow boat’ model,
characterized by slow movement of Polynesian ancestors
with extensive admixture with indigenous Melanesians.
Our previous studies on the ABO gene and mtDNA poly-

morphisms suggested that an extensive gene flow occurred
from Polynesian ancestors to indigenous Melanesians
(Ohashi et al., 2004, 2006b, c). Thus, a rapid expansion of
Polynesian ancestors along the northern coast of New Guinea
to Polynesia with negligible admixture with indigenous
Melanesians, as hypothesized in the ‘express train’ model
(Diamond, 1988; Bellwood, 1989), is not compatible with
our previous observations. However, to obtain further evi-
dence of the migration history of Polynesian ancestors and
of the gene flow from Polynesian ancestors to indigenous
Melanesians, investigation of more genetic markers is needed.
The dopamine receptor D4 (DRD4; MIM 126452) gene is

located at chromosome 11p15.5 and contains a 48-bp vari-
able number of tandem repeats (VNTR) in the third exon,
encoding the third intracellular loop of this dopamine recep-
tor. The DRD4 VNTR exhibits a high degree of polymor-
phism. In humans, 10 VNTR alleles with 2 (2R) to 11 (11R)
repeats have been identified. Of these, the DRD4 4R and 7R
alleles are commonly observed in human populations (Van
Tol et al., 1992). Since the allele frequency distribution of
DRD4 VNTR differs among worldwide populations (Chang
et al., 1996) and since the DRD4 VNTR alleles are free from
recent positive selection (Naka et al., 2011), the DRD4
VNTR is a useful genetic marker for studying genetic simi-
larities among human populations. In this study, to examine

the origin of Polynesians and the possible gene flow from
Polynesian ancestors to indigenous Melanesians, the DRD4
VNTR was analyzed in seven Oceanic populations.

Materials and Methods

The DRD4 VNTR genotype was analyzed for 211 sub-
jects from seven Oceanic populations (Figure 1): 31 AN-
speaking Polynesians (Nuku’alofa) living in Nuku’alofa, the
capital of Tonga; 30 AN-speaking Polynesians (Ha’apai) in
Ha’ano and Fakakakai of Ha’apai Island which is approxi-
mately 200 km away from Nuku’alofa; 30 AN-speaking
Melanesians (Munda) in Munda town on New Georgia
Island in the western Solomon Islands; 30 AN-speaking
Melanesians (Paradise) in Paradise village which is 32 km
north of Munda town; 29 AN-speaking Micronesians
(Rawaki) in Rawaki village near Munda town, who migrated
from the Gilbert Islands, Kiribati to the New Georgia Islands
about 35 years ago; 31 AN-speaking Melanesians (Balopa)
in the Balopa Islands of Manus Province of Papua New
Guinea (PNG); and 30 NAN-speaking Melanesians (Gidra)
in the southwestern lowlands of PNG. Thus, in this study,
two AN-speaking Polynesian populations (Nuku’alofa and
Ha’apai), three AN-speaking Melanesian populations
(Munda, Paradise, and Balope), one AN-speaking Microne-
sian population (Rawaki), and one NAN-speaking Melane-
sian population (Gidra) were targeted.
The blood sampling was conducted after obtaining in-

formed consent from each participant. This study was ap-
proved by the Research Ethics Committee of the Graduate
School of Comprehensive Human Sciences of the University

Figure 1. The geographical location of Oceanic populations and DRD4 allele frequencies. Allele frequencies of DRD4 VNTR were studied in
seven Oceanic populations: two Austronesian (AN)-speaking Polynesian populations (Nuku’alofa and Ha’apai), three AN-speaking Melanesian
populations (Munda, Paradise, and Balope), one AN-speaking Micronesian population (Rawaki), and one Non-Austronesian-speaking Melanesian
population (Gidra).
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of Tsukuba. Genomic DNA was isolated from peripheral
lymphocytes using a commercial kit according to the manu-
facturer’s instructions (QIAamp, Qiagen, Hilden, Germany).
For genotyping the VNTR in exon 3 of the DRD4 gene, a
polymerase chain reaction (PCR) was performed using the
following pair of primers previously reported (Qian et al.,
2004): upstream 5′-ACTACGTGGTCTACTCGTCCGTGT-
3′ and downstream 5′-TCAGGACAGGAACCCACCGA-
3′. PCR was performed with an initial denaturation at 95°C
for 5 min, followed by 40 cycles of denaturation at 95°C for
30 sec, annealing at 60°C for 45 sec, and extension at 72°C
for 30 sec, and a final extension at 72°C for 7 min using a
thermal cycler (GeneAmp PCR system 9700, Perkin-Elmer
Applied Biosystems, Foster City, USA). The PCR-amplified
DNA fragments were analyzed using a microfluidics-based
platform (Agilent 2100 bioanalyzer; Agilent Technologies,
Palo Alto, USA) with a system for electrophoresis applica-
tions for accurate sizing with the Agilent 2100 Bioanalyzer
DNA 1000 kit (Agilent Technologies, Palo Alto, USA).
Deviation from Hardy–Weinberg equilibrium was exam-

ined with Arlequin software (Schneider et al., 2000) with the
default setting, where the exact P-value was calculated
based on the Markov chain method (Guo and Thompson,
1992). The statistical significance level was 0.05 in this
study. A principal component (PC) analysis was performed
based on the DRD4 VNTR allele frequency data to investi-
gate the genetic similarities among the populations. The
DRD4 VNTR allele frequencies of Aboriginal Taiwanese
(Ami and Atayal) and NAN-speaking Nasioi were obtained
from a previous study (Chang et al., 1996).

Results and Discussion

The DRD4 VNTR alleles detected in the seven Oceanic
populations studied are presented in Table 1 and Figure 1.

Genotype frequencies did not deviate from the expectations
under the Hardy–Weinberg equilibrium in any population
(P > 0.05). The most predominant DRD4 VNTR allele was
4R in all populations, while the allele frequencies of 2R and
7R varied markedly among them (Table 1, Figure 1).
Figure 2 shows the allele frequencies of 2R and 7R in Ab-

original Taiwanese and Oceanic populations. The frequen-
cies of 2R in Aboriginal Taiwanese (Ami and Atayal),
Polynesian (Nuku’alofa and Ha’apai), and Micronesian
(Rawaki) populations were substantially greater than those
in Melanesian populations (Nasioi and Gidra). The 2R allele

Table 1. Allele frequencies of the DRD4 VNTR in seven Oceanic 
populations.

Population
Allele

2R 3R 4R 5R 6R 7R

Nuku’alofa 18 3 38 0 0 3
(2N = 62) (0.290) (0.048) (0.613) (0) (0) (0.048)
Ha’apai 17 5 38 0 0 0
(2N = 60) (0.283) (0.083) (0.633) (0) (0) (0)
Munda 10 3 41 0 1 5
(2N = 60) (0.167) (0.050) (0.683) (0) (0.017) (0.083)
Paradise 7 0 46 6 0 1
(2N = 60) (0.117) (0) (0.767) (0.100) (0) (0.017)
Rawaki 15 3 38 0 2 0
(2N = 58) (0.259) (0.052) (0.655) (0) (0.034) (0)
Balopa 1 2 54 0 0 5
(2N = 62) (0.016) (0.032) (0.871) (0) (0) (0.081)
Gidra 0 4 41 2 2 11
(2N = 60) (0) (0.067) (0.683) (0.033) (0.033) (0.183)
Ami (0.300) (0.013) (0.625) (0.013) (0.05) (0)
Atayal (0.167) (0) (0.810) (0.012) (0.012) (0)
Nasioi (0) (0.087) (0.565) (0.043) (0) (0.304)

Allele frequencies are represented in parentheses.
The allele frequencies of Ami, Atayal, and Nasioi were obtained

from Chang et al. (1996).

Figure 2. Diagram of the population frequency of the DRD4 2R and 7R alleles in Oceanic and Aboriginal Taiwanese populations. The allele
frequencies of Ami, Atayal, and Nasioi were obtained from Chang et al. (1996).
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was not detected, especially in NAN-speaking Melanesian
populations. The 7R allele was found to be high in these
NAN-speaking Melanesian populations, while it was absent
in Aboriginal Taiwanese (Ami and Atayal). Both 2R and 7R
alleles were observed at low frequencies in AN-speaking
Melanesian populations (Balopa, Munda, and Paradise). The
present results revealed that the allele frequencies of 2R and
7R were markedly high in AN-speaking Polynesian and
NAN-speaking Melanesian populations, respectively. Thus,
the DRD4 2R and 7R alleles can be deemed useful genetic
markers for assessing the origin of the AN-speaking
Melanesian population. For instance, Munda and Paradise
populations, who live in the Solomon islands, seem to have
had more genetic contribution from ancestors of AN-
speaking Polynesian populations than from ancestors of
NAN-speaking Melanesian populations.
Notably, the allele frequency distribution of DRD4 VNTR

in AN-speaking Polynesians was similar to that in Aborigi-
nal Taiwanese (Table 1), suggesting that Polynesian ances-
tors are derived from Southeast Asians, such as Aboriginal
Taiwanese, rather than indigenous Melanesians.
We next conducted a PC analysis based on the DRD4

VNTR allele frequencies. In Figure 3, each population was
plotted against the first and second PCs. The first two PCs
accounted for approximately 70% of the variance (first PC,
38.4%; second PC, 30.5%). Along the first PC, AN-speaking
Melanesian populations were located between NAN-
speaking Melanesian populations and AN-speaking Polyne-
sian populations, suggesting that genetic admixture between
indigenous Melanesians and Polynesian ancestors occurred
in ancestral populations of AN-speaking Melanesians while
Polynesian ancestors passed through Melanesia. In our pre-
vious studies, we hypothesized an extensive gene flow from
Polynesian ancestors to indigenous Melanesians, based on
the results from analyses of mitochondrial DNA (Ohashi et
al., 2006c), HLA-DRB1 gene (Ohashi et al., 2006a), and
ABO blood group gene polymorphisms (Ohashi et al., 2004).
The present observations support our hypothesis well, even
though it is still difficult, from our data, to exclude the pos-

sibility of back-migration from Polynesia to Melanesia in
the recent past, as suggested by Hagelberg et al. (1999), who
focused on high frequencies of mtDNA 9-bp deletion and a
specific deletion at the DYS390 locus of the Y-chromosome
in island or coastal populations in Papua New Guinea.
In Figure 3, an AN-speaking Micronesian population

(Rawaki) was located more closely to AN-speaking Polyne-
sian populations and Aboriginal Taiwanese than AN-
speaking Melanesian populations. This may imply genetic
admixture between the ancestors of Micronesians and
Polynesians. To investigate this possibility, more popula-
tions and more genetic markers need to be studied.
The DRD4 7R allele has been reported to be associated

with behavioral and psychiatric phenotypes (e.g. novelty
seeking (Benjamin et al., 1996; Ebstein et al., 1996) and
attention-deficit hyperactivity disorder (LaHoste et al., 1996;
Faraone et al., 2001)). Such phenotype data are not available
for the populations studied. However, the present allele fre-
quency data will be also helpful for designing the genetic
association studies of the DRD4 polymorphisms with behav-
ioral and psychiatric phenotypes in Oceanic populations.
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