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A new era presently dawns for medical genetics featuring individualised whole
genome sequencing and promising personalised medical genetics.
Accordingly, we direct readers attention to the continuing value of allele
frequency data from Genome-Wide Association Surveys (GWAS) and single
gene surveys in well-defined ethnic populations as a guide for best practice in
diagnosis, therapy, and prescription. Supporting evidence is drawn from our
experiences working with Austronesian volunteer subjects across the Western
Pacific. In general, these studies show that their gene pool has been shaped by
natural selection and become highly diverged from those of Europeans and
Asians. These uniquely evolved patterns of genetic variation underlie
contrasting schedules of disease incidence and drug response. Thus,
recognition of historical bonds of kinship among Austronesian population
groups across the Asia Pacific has distinct public health advantages from a
One Health perspective. Other than diseases that are common among them like
gout and diabetes, Austronesian populations face a wide range of climate-
dependent infectious diseases including vector-borne pathogens as they are
now scattered across the Pacific and Indian Oceans. However, we caution that
the value of genetic survey data in Austronesians (and other groups too) is
critically dependent on the accuracy of attached descriptive information in
associated metadata, including ethnicity and admixture.
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Introduction

Recent years have seen an explosion in the amount of human genetic data
available to public health investigators. However, this information has been
collected in many different places and for many different reasons. The true
value of such abundance can only be captured by comparative analyses. To some
extent, access to human genetic data are facilitated by the creation of open access
databases such as the Allele Frequency Net Database [AFND; http://www.
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FIGURE 1

Austronesian population movements in Southeast Asia and Oceania. Early movements of Austronesians (green arrow) into the Southeast Asia
region reach Philippines, Borneo, Indonesia and Near Oceania approximately 4500 to 1500 BP. Admixture between Austronesians and Papuans gave
rise to Proto-Polynesians in northern coastal Papua New Guinea before their descendants (red arrow) migrated further out to Remote Oceania.

allelefrequencies.net/), or gnomAD, (https://gnomad.
broadinstitute.org/)]. However, applications of these
resources are strictly related to the completeness of
associated metadata to individual records.

In this article, we describe and discuss what we have
termed “The Austronesian Model” as it relates to medical
genetics and public health in the peoples of the Western
Pacific region. This model arises principally from our long-
standing experience in immunogenetic surveys of Malay and
Maori. Our genetic surveys and those of many others have led
to a detailed picture of Austronesian population history and
ancestral relationships (see Chambers and Edinur, 2021).
This remarkable episode of human expansion from
Southeast Asia to Melanesia and Polynesia (Figure 1) has
left related groups of indigenous people spread halfway
around the globe. Although they have a recent extensively
shared heritage, they are by no means all identical. Hence,
although there may well be a common interest in medical
genetic information due to their shared ancestry, it requires
careful interpretation due to recent sociocultural factors.
Equally, individual patients should always be viewed as
individuals and not simply taken to be representative of
their ethnic group due to the possibility of recent
admixture. Finally, ethnically coded databases must be
annotated in much the same way, because it is never a
given that they are homogeneous. Below, we examine all of
these features in greater depth taking our examples from the
indigenous aboriginal hill-tribes of Taiwan and their many
descendants.

Frontiers in Genetics

A short history of the Austronesian
peoples

Starting from around 5,000 years ago, groups of ancient
farmers spread southwards from Taiwan (see Figure 1) and/or
other locations in Southeast Asia to reach the Philippines and
Borneo-Branch 1 (see Bellwood et al., 2011). Their lineage split
with one group (Branch 4) going west to Malaysia, Indonesia and
far out across the Indian Ocean to Madagascar. Another group
(Branch 3) travelled across the north of the Papuan mainland to
the Bismarck Archipelago, the probable birthplace of Lapita
culture. This cultural complex was transported via Vanuatu to
several nearby groups of Oceanic islands including Fiji, Tonga,
and Samoa. The diaspora paused here, and the original pure
Austronesian oceanic settlers were replaced by early Polynesian
people from the wider Papuan region who were now
Austronesians (70%) admixed with Australomelanesians (30%)
and later still by Melanesians in Vanuatu, New Caledonia, and
Fiji. Subsequent voyaging populated the Marquesas Island group
in remote Oceania and diffused to fill up other sites in the so-
called Polynesian Triangle. An extended account of these events
can be found in Chambers and Edinur (2021), together with a
complete list of references to the original work on which this
concise historical reconstruction is based.

This expansion phenomenon is impressive by any standard
and was undertaken by people with no written language or metal
technology. Today their descendants number around 380 million
people spread across at least 33 nation states. Their shared
heritage leads to a commonality of public health interests, but
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the fundamental genetic differences between Austronesians and
Polynesians must be considered.

The advantages of shared history

Probably nobody would deny that the Austronesians
represent an extensive and diverse cultural group. Recognition
of their historical bonds of kinship has distinct public health
advantages from a One Health perspective. This implies that
medical research findings from one Austronesian population
(i.e, One Health approach and the importance of genetic
ethnicity) can probably be applied to others (with all prudent
caveats as explained below). This is valuable because some
populations are only small and thus poorly served in terms of
research effort in this area. In contrast, others, e.g., in Indonesia,
are extensive and they may host large scale modern genomic
surveys of health significance (e.g., see Natri et al., 2020). So new
findings can be translated from such populations to others.
Further, the sheer weight of Austronesian numbers as a whole
could be brought to bear as considerable leverage to intensify
medical research for their benefit. This is a particularly important
consideration if Austronesians as a group are genetically
differentiated from other such groups (and we shall argue
below that they are distinct and have their own well-known
spectrum of medical conditions of particular concern).

Perhaps surprisingly, the genetic distinctiveness of ethnic
groups is not a given among all academic disciplines. Many
social scientists (e.g., Fullwiley, 2008; Hartigan, 2008) follow
foundational views such as those of Boas (1912) or DuBois
(1915) and hold that race and ethnicity are human intellectual
constructs versus biological realities. In maintaining this
position today, they draw support from Lewontin’s (1972)
classical analysis of the distribution of genetic variation
within and between human ethnic groups. This first showed
that the majority of such variation lies between individuals
rather than between groups, a finding endorsed by many others.
Despite the universal veracity of this fact, as Edwards (2003)
points out, it misses the point. Geographic populations are now
known to harbour significantly characteristic genetic variation
that distinguishes them from others. Consider, for example, the
multiplicity of single gene mutations that have led to the
inherited persistence of lactase expression in northern
European farming communities. Liebert et al. (2017) who list
at least five allelic up-regulation lactase variants, and Rotival
et al. (2021) give numerous other examples in humans plants
and animals. The standard social science view is made manifest
in the policies of the American Anthropological Association
(from 1998) and the American Sociological Association (from
2003) and see Byrd and Hughey (2015) on “the ideological
double helix of racial inequality”. According to some, this view
now looks to be in danger of being run over by a juggernaut of
new genomic data, the views of its most loyal defenders
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notwithstanding (Duster, 2015). For a review of debate, see
Chambers (2017).

For those that do hold the mindset view that all people are
more or less genetically homogeneous, then for them there is no
point in asking patients questions about their ancestry and no
utility served by compiling medical databases stratified by ethnic
identity. In contrast for Austronesian people, as a whole, we do
endorse this approach with an important reservation regarding
the Austronesian/Polynesian split. However, we argue that
together these two groups are significantly different from
and that this fact
significance. In particular, it is clear that, strictly in terms of

others is of fundamental medical
their genetics, Austronesians are as different from Europeans as it
is possible to be. Three general aspects of these differences can
serve as pointers and some special cases will be examined in
greater detail below. First, Austronesian peoples have a spectrum
of disease incidence which is different from that of Europeans
including an elevated incidence of gout, coronary heart disease
and type II diabetes (Sakaue et al., 2003; Cheng et al., 2004), but
only rarely display the autoimmune diseases like multiple
sclerosis that are common in Europeans (see Edinur et al,
2012; Edinur et al., 2013). Second, in terms of transfusion and
transplant markers it will always be easier for a Polynesian
patient to find a matching donor from among their own
ethnic group rather than from people of European ancestry
(Edinur et al, 2015). Third, most “Big Pharma” researched
medicines are sourced from Europe or the United States
where they have undergone extensive clinical trials
predominantly on people with European heritage (Glickman
et al,, 2009). They may also have been tested on relatively
small numbers of volunteers recruited from ethnic minorities
and sometimes may even carry disclaimers about their efficacy or

safety for use in these groups (Hussain-Gambles, 2003).

Limitations of the one health approach

The genetics of an organism are strictly related to ancestry
and their expression is further shaped by their responses to
environmental stress factors, weather, nutrition, medications,
etc., (Natri et al., 2020). So, in the context of a One Health
approach, the genetic identity of individuals becomes an essential
factor to be considered alongside the others. In particular, we take
the case of the Western Pacific population and discuss the pitfalls
that a One Health study can have if genetic aspects of ethnicity
are not considered. Providing acceptable names for ethnic groups
is always difficult, e.g., see recent commentary by Popejoy (2021).
In this regard, we have always tried to follow the field and use
standard tags. These do not always age well, and we have
sometimes found ourselves criticised by reviewers for using
unfashionable names. Knowing exactly what these group
names mean is for between

important comparisons

populations and for others to fairly assess the significance of
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research findings. Problems arise both at the group level via
assumptions about uniformity and at the individual level via
personal sense of identity and familial admixture history. There is
a clear tension between social and biological definitions for
ethnicity classification in research works. In our view
“ethnicity” is a concept that sits at the exact interface between
social customs and ancestry. Failure to properly recognise this
fact lies at the heart of conflicts between social equity and patient
welfare goals. Thus, we hold that workers in the field can gain
only insights via a proper appreciation that “ethnicity” reflects
both culture and ancestry. For instance, by recognizing that
delivering social equity requires the use of social science-based
definitions, such as the gold standard “self-declared ethnic
affiliation”. Meaningful medical comparisons depend strictly
on ancestry-based information, e.g., to assess the historical
effect of natural selection on immune system genes (Nemat-
Gorgani et al., 2014; Gonzalez-Galarza et al., 2020). Therefore, it
is vital that those persons who wish to conduct meta-analyses of
medical survey data should understand who their contributing
data are sourced from. Archaic or broad scale descriptors such as
“Asian” can lead to confusion in the same way that admixed
groups, e.g., as in the US Census groups “Hispanic”, “Latino”,
and “Oceanic” presently do. Such terms provide model examples
of poorly constructed ethnic groups for medical research. Worse
still, some investigators simply list populations by their
geographic origin. This can lead to errors of interpretation.
For instance, Friedlaender (2007) explains that across the New
Britain and New Ireland archipelagos, northern coastal
populations have more Austronesian genotypes and the
interior and southern settlements more Australomelanesian
genotypes.

The social histories of population groups in the Western
Pacific are vastly different. For this reason alone they really
should never all be combined, either as Asians, Oceanians, or
Pacific Islanders etc., even for administrative convenience. These
are seriously misleading classification schemes from the point of
view of historical relationships. Arguably of even greater
significance, is the fact that their various ages and genetic
ancestries are also very different. The aboriginal people of
Australia and Papuans are Australomelanesian and have been
more or less distinct for > 40,000 years. In contrast, Polynesians
(including Maori in New Zealand) only came into existence
within the last 2 to 3,000 years and are of admixed Austronesian
(~70%) (~30%)
Chambers and Edinur (2021) for more details. Human genetic

and  Australomelanesian heritage—see
diversity across the entire Western Pacific Region is further
complicated by recent admixture between populations. For
example, New Zealand (NZ) Maori contains many individuals
with greater or lesser admixture with Europeans (and others).
These groups (and the degree of admixture of individual
patients) can only be assessed by careful interview technique
(Edinur et al., 2012). Failure to properly examine for admixture
can result in considerable biases in data and unreliable inferences.
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Worse, these may be perpetuated by their inclusion in public
databases and by secondary references in the scientific literature.
In short, one needs to be clear about just which population group
a particular study represents so that others can fairly assess the
significance of research findings.

Accommodating such considerations may not be entirely
straightforward. For instance, Roberts (2021) protests that it is
not reasonable for doctors to use just two adjustment factors for
eGFR (effective glomerular filtration rates), African vs. non-
African American, when the former self-identified group
contains many admixed individuals. In this case it is both
reasonable and justified to differentiate patients into two such
loosely defined ethnic classes because this is done based on
empirical data. In contrast this objection makes an important
point about precision but is not justified because these factors
already have an allowance for admixture built into them. This
view is based on a self-identification process whereby admixed
individuals are largely swept up into the African group. A more
refined scale of correction factors could only be obtained via the
administration of detailed volunteer ethnicity questionnaires and
could only be applied to patients whose admixture fraction is
known. It is doubtful if this would represent a practical
proposition.

The goal of One Health is to achieve optimal healthy
outcomes via a collaborative transdisciplinary approach by
considering associations between living things including
human and microbes and their surrounding environment
(Centers for Disease Control and Prevention (CDC), 2021). In
short, all people should expect to enjoy access to good quality,
and affordable health care which is delivered in a culturally
sensitive manner and is fully efficacious. This is to be achieved by
increased medical research effort shared via open access
publication. However, it is always to be remembered that
people are not the same everywhere and that conditions vary
across different regions of the world. In this context it is
important to note that most Austronesian people currently
live in low- and middle-income countries as either majority or
minority groups. As described earlier, Austronesian people
across the entire Asia-Pacific region have several health
concerns in common, such as a high prevalence of gout and
diabetes and are often underrepresented in medical research.
However, they do face a wide range of diseases including vector-
borne infections as they live in many totally different
environments (e.g., temperate for Maori and Polynesians
versus tropical or sub-tropical climates in Southeast Asia and
across Oceania). Hence shared ancestry in Austronesians can be
used as a preliminary guideline for disease prevention, diagnosis
and medical treatment for conditions that are common among
them. Other healthcare initiatives developed elsewhere such
access to effective vaccines for endemic diseases should be
made widely available to affected Austronesian population
groups but applied with all due caution (Siramaneerat and
Agushybana, 2021).
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Some illustrative examples

The fact
homogeneous,

that
but
Europeans and Australomelanesians (except for Polynesians

Austronesian people are relatively

ancestrally differentiated from both

see below) has important consequences in terms of diagnosis
and prescription. Their unique spectrum of disorders can guide
physicians regarding which conditions and genetic markers they
might look out for.

This concept is illustrated well by the variant rs2285666-A
allele located in the ACE2 gene. This has been shown to reduce
risk and severity of SARS-CoV-2 infection (Devaux et al,
2020; Srivastava et al., 2020; Wang et al., 2020). The
rs2285666-A allele frequency is around 0.143-0.225 in
Europeans and 0.330-1.000 in Asian populations; refer
Supplementary Table S1. As we write, Italy has a high rate
of SARS-CoV-2 infection (29,333 cases per 100,000 people),
and a mortality rate of 0.0028% (as of 5th June 2022, data from
John
University and Medicine, 2022). In contrast, the Asian

https://coronavirus.jhu.edu/map.html; Hopkins
country of Malaysia has a lower infection rate (just
13,939 cases per
mortality rate of 0.0011% (John Hopkins University and
Medicine, 2022; Ministry of Health, 2022). Therefore, the
rs2285666-A
contribute to the higher infection and mortality rates seen

100,000 people) with an associated

differences in allele frequency might

among Italians. Another well-known example is the
CYP3A5*] allele which is associated with greater
production of CYP3A5 gene product. This protein

contributes to differences in tacrolimus bioavailability
between individuals. Tacrolimus is a chemical compound
used to prevent post-transplant organ rejection. Carriers
CYP3A5*1
clearance and this may cause a higher risk of rejection

for alleles have an increased tacrolimus
among renal transplant recipients (Chen and Prasad, 2018).
Acute rejection in renal transplant is significantly higher
among African American patients as compared with non-
African American patients (Gralla et al., 2014; Taber et al,,
2015). This is related to the higher frequency of CYP3A5%1 in
Africans than other populations; refer Supplementary Table
S2. Therefore, dosing for tacrolimus should be given based on
patients CYP3A5 genotype.

As pointed out above this type of strategy is best guided by
taking a detailed family history to account for ancestry. For
instance, when we first obtained DNA samples (with all due
Ethics permits) from NZ volunteer subjects for medical
research purposes, we found major differences between two
sub-sets of data (ie, those from full ancestry vs. admixed
heritage Maori). These two types in roughly equal proportions
and allele frequencies recorded for the latter were approximately
intermediate between those for the former and European reference
data. This observation was taken to indicate that the admixture

fraction in the contemporary population was around 0.50.
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Hajar et al. (2020) have recently examined the interface
between population genetics and human health as it relates to
Austronesian populations. For example, they point to the
significance of blood group loci as important markers of
transfusion success including Kidd Jk (a-b+) and Dufty Fy
(a+b+) which are relatively common in this ethnic group but
less common in others. On other fronts Hawkins (2021) has
recently examined the role of maladaptation to “European”
nutrition as a potential root cause of metabolic syndrome in
NZ Maori; Grinlinton et al. (2022) report elevated levels of
Phyllodes Tumor in Maori and Pasifika and Bukhari et al.
(2021) report reduced prevalence of neuromyelitis optica
spectrum disorder and multiple sclerosis in both Maori
plus Australian Aboriginal and Torres Strait Islander

populations.
Conclusion
We have discussed the importance that correct

identification and use of population ancestry and structure
can have on the reliability of One Health studies and
approaches for improved understanding and treatment of
medical conditions in Austronesian people. This unites a
very large number of people spread across a vast geographic
region and resident in many different political administrations
in a search for solutions to shared problems. We note that
future utility of this conceptual advance is conditioned to the
extent that it can be informed by deeper understanding of
population ancestry and structure. In particular, we point to the
existence of clearly differentiated sub-groups such as
Polynesians among the wider Austronesian ethnic group and
the potential for recent admixture to add noise to otherwise
promising genetic signals.

We recommend that practical application of these
principles in relation to individual patients should be
applied with caution so as to avoid discrimination. General
properties which apply to populations do not necessarily
apply to each individual that makes up such populations.
For example, many Polynesian subjects are slow metabolisers
of nicotine and may need large-sized or higher-dose patches to
aid their transition to abstinence from tobacco consumption.
These should not be given out automatically because not all
Polynesians are slow metabolisers and slow metabolisers are
also found among other ethnic groups (Lea et al., 2005). It is
just more likely that such individuals may be encountered
among Polynesian patients. Information of this type should
properly be used only as a pointer to aid diagnosis or to
suggest which medications to prescribe first for any given
condition. This strategy will be further supported by detailed
knowledge of their family history.

The medical world now stands at the dawn of the genomic
era and eagerly awaits the advent of genuine personalised
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medicine. As an example of how this might work, we point to
the study by Shankar et al. (2022). Future prospects for a
genome-level One Health approach are well illustrated by
their
Islanders (from Northern Territory, Australia). This survey

recent pharmacogenomic study involving Tiwi
identified 22 significant genetic markers that can be screened
in patients before prescribing pharmaceuticals used to
alleviate common disorders such as chronic kidney disease.
This type of leads 18

actionable guidelines. Equally the results from other studies

information to clinically
show how population history can set limits on the outreach of
such benefits. Data from the 1000 Genomes Study show as
many as 53% of rare variants detected by them were only
found in individual populations, and 17% of low-frequency
variants reside exclusively in single ancestry groups (see
Larson et al., 2015 and McKenna et al., 2010 for other
details). It is thus appropriate to recommend the use of
genetic ancestry or other self-identification mechanisms
that better reflect ancestry-based information in medical
treatment and research. We argue that this will not
One Health

Austronesians but will likely complement it. Similar views

obscure the value of a approach for

have previously been expressed by Borrell et al. (2021) and we

«

agree with their estimation that the epidemiologic
importance of race/ethnicity will never disappear” even
with the advent of widely available personalised medicine.
We may now turn our attention considering how best to make
use of medical genetic data collected across the Western

Pacific Region.
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