version of atechnique called angular analysis
that was originally developed by the CMS Col-
laboration to characterize the Higgs boson.
The/, Pand C quantum numbers of the Higgs
bosonwere established from the distribution
of scattering angles of the particle’s decay
products’.

To probe the structure of the all-charm
tetraquark, the researchers applied this ver-
sion of angular analysis to observations of all-
charm tetraquarks that had been made at the
CMS experiment between 2016 and 2018. Their
analysis indicated that the/ quantum number
is2and the Pand Cquantumnumbersareboth
+1 — this set of properties is expressed as 2*".
Althoughitdoesnotruleouteither theory, the
2" resultfavoursthe compacttetraquark rather
than the loosely bound pair of mesons. It also
supports previous theoretical calculations®”’.

Quarks are a foundational part of the
standard model of physics, the conventional
theory of fundamental particles and forces.
Studying exotic hadrons might improve sci-
entists’ knowledge of the strong force. This
knowledge, inturn, could help to explain how
hadrons formed a few microseconds after the
Big Bang; aid the development of accurate
models of neutron stars; and help scientists
to search for physics not described in the
standard model.

Upcoming and recently completed
upgradesto existing particle-collider facilities
and experiments that have observed exotic
hadrons, such as the High-Luminosity LHC,
the Beijing Spectrometer Il (BESIII) in China
and Belle Il in Japan, promise better detec-
tors and more particle collisions — hopefully
resultinginmore observations of exotic states.
Several future facilities and experiments are
being designed to generate exotic states.
These include the Super Tau-Charm factory
in China, the Electron-lon Collider (EIC) in the
United States and the PANDA proton-antipro-
ton colliderin Germany. Alongside some of the
planned upgrades, these will not justimprove
existing methods, but will also explore new
pathways for generating exotic hadrons.

With this next generation of experiments,
physicists hope to generate exotic hadrons
that have been predicted but never observed,
and to develop more ways to study the struc-
ture of these particles. Each exotic state might
be a particular case that can teach physicists
something new about the strong force. It
might be that some exotic states are compact
and othersloosely bound — some might even
be amixture of both. This could be the begin-
ning of a golden age of exotic-state research
thatwilldeepenunderstanding of afundamen-
tal force that shapes the Universe.
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Taiwaninvests ingenetic
resourceforhealth

Genevieve L. Wojcik

Alarge biobanking effort captures genetic and health data
from half a million people in Taiwan, widening the diversity of
genomes used to predict disease risk. See p.117 & p.128

Discovering genetic variants thatareinvolved
in health-related traits relies on analysing
genetic and health information from large
cohorts of people. However, there has long
been animbalance of genetic ancestries rep-
resented in this kind of research, which has
excluded large groups of humanity from the
downstream benefits'. Millions of genetic
variants differ in frequency around the
world owing to complex demographic pro-
cesses, such as migration, that depend on
geographic proximity and shared histories.
Therefore, variants found to be associated
with a trait in one population could be less
frequent or completely absent in another.
Including under-studied populations in
genetic resources enhances scientists’ abil-
ity to discover and precisely map variants
that are potentially responsible for health
traits and diseases®. Two articles in Nature**
demonstrate the power of a new large-scale
study of an under-studied population: the
Taiwan Precision Medicine Initiative (TPMI),
which consists of genetic and electronic
medical-record datafrom about halfamillion
participants across Taiwan.

Yang et al.? (page 117) describe the TPMI
resource itself. More than 560,000 Taiwan-
ese residents (Fig. 1) were recruited between
2019 and 2023 from 16 academic centres affil-
iated with 33 hospitals, which provide care for
about40% of the population. Thisisanotable
increase in sample size compared with other
large-scale studies in Taiwan, such as the Tai-
wan Biobank (around 200,000 participants),
and matches the size of biobanksin other parts
ofthe world, for example the UK Biobank. With
alarger sample size, greater statistical power
can be achieved. This enables the discovery
of disease-associated variants and increases
precision when modelling the genetics of the
population.

The authors first examined the population
structure of TPMI participants. Using several
computational approaches, they could deter-
mine how similar the participants’ genomes
were to each other and to external genetic
reference groups. The vast majority of partic-
ipants were of Han Chinese ethnicity, which
constitutes more than 95% of the contem-
porary Taiwanese population. However, the
study population also included individuals
withancestries resembling those of Indigenous
Atayaland Amipeoplesincludedinapreviously
formed data set of diverse human genomes
called the Simons Genome Diversity Project®.

The age distribution of the TPMI, with an
average age of about 56 years and including
many centenarians, enabled the authors to
interrogate trends over the past century,
during which Taiwan saw a rapid popula-
tion increase. Comparing people borninthe
years before and after 1950 — representing a
period of massive immigration into Taiwan
after the end of the Chinese Civil War — the
authors found that the genomes of partic-
ipants born after 1950 showed much more
mixing (admixture) between major ethnic
groups than did those of people born before
1950. This has ramifications for how genetic
medicine is applied to different age groups
in this population, because the frequency of
genetic variants will have changed with the
shifts in population.

Thesecond paper, by Chenetal.* (page128),
describesthe power of the TPMIto character-
ize the role of genetic variation in a large set
of traits, also known as phenotypes. Focus-
ing on the roughly 460,000 individuals who
were genetically inferred to be of Han Chinese
ancestry, theauthors evaluated genome-wide
associations between variants and 695 binary
phenotypes (for example, having heart disease
ornot) and 24 continuous traits (such as blood
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Figure1| A crowd in Taipei, the capital city of Taiwan.

pressure or body-massindex). These analyses
represent a massive increase in sample size
compared with previously published studies
in Han Chinese populations®. For example, it
nearly triples the sample size for type 2 diabe-
tes cases, leading to the discovery of five pre-
viously unknown variants ingenomic regions
that were identified in smaller studies to be
involved in diabetes risk®.

Using a customized array-based technology
to capture more population-specific genetic
variation, Chen et al. used the TPMI to inves-
tigate biological markers of disease that were
unobserved in other studies. They replicated
many previously published variant-trait
associations from genome-wide association
studies (GWASs) of East Asian populations’,
but also found 95 new associations across
57 health outcomes. Most notably, 33 of
these variants had a frequency of less than
1% in populations with European ancestries,
partly explaining their absence in previous
work despite similar sample sizes. These popu-
lation-specific findingsin turn enabled better
accuracy when developing ‘polygenic score’
models. Inthese models, the individual effects
of genetic variants are summarized across an
individual’s genome to predict the individual’s
relative risk of a particular health trait.

Given that humans are more than 99% genet-
ically identical, it is worth interrogating why
diversity in participantsis necessary for better
understanding the genome’s role in health.
One consideration is that the frequency of
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variants can differ across populations, as the
current findings demonstrate. Another is that
the epidemiological patterns of traits, such as
their distribution and causes (both geneticand
non-genetic), can differ globally.

Anexample ofthisinvolves hepatitis B virus,
which is endemic in Taiwan and has a high
public health burden. It is present in almost
10% of unvaccinated TPMI participants born
before 1984, which is when a vaccination
campaignin Taiwanbegan. Previous work has
shown that susceptibility to and severity of

“The two studies establish
the TPMIasavaluable
resource for geneticresearch
into human health.”

infection with hepatitis B virus is partly influ-
enced by genetics, but it is not well-known
which genes are involved. In the TPMI, a
sample size of nearly 24,000 cases empow-
ered a GWAS of hepatitis-B-virus infection,
identifying previously unobserved genomic
locations associated with this under-studied
trait. This GWAS would not be as well-powered
using data from other studies, such as the All
of Us Research Program, which includes only
2,300 cases of hepatitis B virus as of October
2025 (ref. 8).

Onefeature of the TPMI, as with all biobanks,
is that it is not arepresentative sample of the

general population. Because recruitment was
hospital-based, the average age of participants
was higher than that of the wider population
and the cohort was enriched for people with
chronicand severe illnesses. These biases limit
the utility of the resource for investigating
childhood-onset conditions, as demonstrated
by the under-representation of respiratory dis-
eases, such as asthma. Other biobanks have
similarissues. The average age at recruitment
for the UK Biobank, for example, is slightly
higher (56 years old) than the average UK age®.
Although effortstoincrease therepresentation
of children and younger adults in biomedical
research are under way, including the Environ-
mental Influences on Child Health Outcomes
(ECHO) Program'® at the National Institutes of
Healthin the United States, further resources
are needed to better understand people’s
healthin the first few decades of life.

The two studies establish the TPMI as a
valuable resource for genetic research into
human health that will demonstrate the
importance of such an investment for dec-
ades to come. Biobanks around the globe
have reshaped how scientists and clinicians
doresearch" and communicate those findings
backtothe participants and their families. The
TPMI has already developed a platform for
returning results to participants, in conjunc-
tion with genetic consultation, for 83 genetic
conditions with variants that affect disease
risk or responses to drugs.

These innovations in Taiwan have the
potential toimprove the healthnot only of the
local population but also of other individuals
of Han Chinese descent, who comprise nearly
20% of the global population. More broadly,
the findings could improve health care for all
of us by complementing existing studies and
filling gapsto ensure that everybody benefits.
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