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to extend their theories to encompass objects that move
at close to light speed, something that the original quan-
tumtheory did not. These efforts drastically expanded the
scope of quantum science and led researchers to develop
the standard model of particles and fields, a process that
finally came together in the 1970s.

The standard model has been incredibly successful,
culminating in the 2012 discovery of its linchpin elemen-
tary particle, the Higgs boson. But these extensions lie on
less-solid theoretical ground than quantum mechanics
does — and leave several phenomena unexplained, such
asthe nature of the ‘dark matter’ that seemsto greatly out-
weigh conventional, visible matter in the wider cosmos.
Moreover, oneimportant phenomenon, gravity, still resists
being quantized.

Other conceptual problems of quantum physics remain
open. In particular, researchers struggle to understand
what exactly happens when experiments ‘collapse’ the
fuzzy probabilities of quantum objects into one precise
measurement, a key step in creating the — still remorse-
lessly classical — macroscopic world we live in. Over the
past few decades, researchers have been developing
ways to turn these quirks of quantum reality into useful
technologies. The resulting applications in computing,
ultra-secure communications and innovative scientific
instruments are still in their nascent stages.

Quantumtheory keeps on giving. Thisyearisan oppor-
tunity to celebrate and to make the broader public aware
oftherole that quantum physics hasin their lives —and to
inspire future generations, whoever they are and wherever
they are in the world, to contribute to another quantum
century.

Weneedtotalk
about human
genome editing

Inafew decades, gene-editing technologies
could reduce the likelihood of common
human diseases. Societies must use this
time to prepare for their arrival.

cientists know about tens of thousands of DNA

variants thatare associated withhuman diseases.

Ontheir own, the vast majority of these variants

have small effects. But taken together, the result

canbe substantial. The effects of modifying mul-

tiple variants at once, known as polygenic genome editing,

is the subject of an analysis published this week in Nature

(P.M.Visscher et al. Naturehttps://doi.org/10.1038/s41586-
024-08300-4;2025).

The study reveals that polygenic genome editing in
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It raises
concerns,
notleastthe
renewed
threat of
eugenics.”

human embryos could substantially reduce the likelihood
of certain diseases occurring, but it raises concerns, not
least the renewed threat of eugenics. There are other cave-
ats too, the researchers report. Nature is publishing this
work because itisimportantto startaconversationabout
what could happen if more-sophisticated gene-editing
technologies become available, which could be the case
within 30 years, the authors say. Societies need to consider
relevant benefits and risks before that day comes.

Peter Visscher, astatisticianand geneticist at the Univer-
sity of Queensland, Australia, and his colleagues modelled
the consequences of simultaneously editing specific vari-
antslinked to anumber of diseases, including Alzheimer’s
disease, schizophrenia, type 2 diabetes, coronary artery
disease and major depressive disorder (MDD).

Gene-editing tools currently in development, called
multiplex technologies, are projected in the coming dec-
adestoenablerapid precision DNA editing at tens, or even
hundreds, of locations. The researchers found that, insome
cases, editing a single variant associated with a polygenic
disease can have strong effects, and, with the exception of
MDD, editing up to ten genes associated with a disease can
reduce its lifetime prevalence by an order of magnitude.

Thiswould be ahuge achievement. However, the authors
also include an extensive discussion of the study’s limita-
tionsand challenges. The fear that polygenic gene editing
could be used for eugenics looms large among them, and
is, inpart, why no country currently allows genome editing
inahuman embryo, even for single variants.

There are also significant technical caveats. The authors
say that polygenic editing is unlikely to benefit the wider
population in any realistic timeframe, because the tech-
nologyisavailable only through invitro fertilization. There
arealsonotyet enough known causal variants for common
diseases. Other limitations to the findings include the fact
that many diseases are also caused by non-genetic factors,
whichare harder to model. Furthermore, a successful new
treatment for one of the diseases is likely to reduce the
need for humangenome editing. There are also pleiotropic
effects to consider: a gene variant that is a risk factor for
one disease could offer protection against another. And
then there’s the risk that these technologies will widen
inequality and social divisions, because the costs will
probably be substantial. These issues need society-wide
discussion.

The past few decades have shown that new technolo-
gies are being developed ahead of conversations on their
ethics or social and environmental impacts. From the
atomicbomb to artificial intelligence, discussions of risks,
benefits, safety, regulation and transparency have had to
play catch-up. As recently as 2018, biophysicist He Jiankui
shocked the world by announcing that he’'d created genet-
ically edited babies. The mistake should not be repeated.

Although it will be some decades before human-gene-
editing science and technologies can be applied with
precision and at scale, they are on their way; thisisnot a
hypothetical issue. The intervening time should be used
wisely. Societies need to be ready, understand the upsides
andthe dangers, and know what to do when that time comes.





