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evolutionary origins of music — and lan-
guage. | argue that understanding these
deep origins will require more-inclusive and
equitable collaborations across cultures and
disciplines, weaving together Indigenous
knowledge and the humanities with the
natural and social sciences. This includes
not only researchers and artists studying
music and language in humans, but also
biologists investigating the evolution of
communication in other animals.

One influential but controversial theory
links the origins of musical rhythm to
auditory-motor connections in the brain
that might have evolved through selection
for vocal learning'.

Although studies describing beat syn-
chronization in sea lions and macaques have
challenged this theory, they are hard tointer-
pretinthe absence of comprehensive data that
comparevocal learning, beat synchronization
and other relevant capabilities across species'.

Combining such cross-species data with
emerging information from neuroscience
and genetic studies® holds great promise
for finally settling long-standing debates
aboutthe evolution and universality of music.
Even if music is not a universal language, it
might hold the key to understanding the
origins of language — and perhaps even what
makes us human.
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Will‘generative biology’
transform lifeon Earth?

Altools are helping scientists to build synthetic
organisms from scratch. By Kate Adamala

iology is undergoing a transforma-

tion. After centuries of studying

life as it evolves naturally, research-

ers are now using a combination of

computation and genome engineer-
ing to intervene, generating new proteins
and even whole bacteria from scratch. The
use of artificial-intelligence tools to design
biological components, an approach known
asgenerative biology, isset to turbocharge this
areaofresearch.Justlast year, scientists used
Al-assisted design to produce artificial genes
thatcanbe expressed inmammalian cells and,
for the first time, an Al program was used to
create an entirely synthetic virus.

This approach is much more than just a
series of technical feats. It could transform
how life on Earth develops, as biochemist
Adrian Woolfson describesin his latest book.
On the Future of Species provides a sweeping
account of the history and science behind
this transformational technology, from the
first gene-sequencing efforts to the rise of
Al-powered techniques. His vision of what
biology is becoming gives the book a coher-
ence that is sometimes lacking in broad
surveys of synthetic biology, which often
represent only the current science.

One of the central themes in Woolfson’s
book is that, thanks to computational tools,
life’s patterns (whether the order in which

Once extinct, theu
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nique constellation of traits a species carries can never be replicated.
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genes are arranged on chromosomes or the
physical traits that are encoded by genes)
are becoming increasingly predictable and
manipulable. This is making it ever simpler for
researchers to tinker with an organism’s DNA
toachieveadesiredresult —beit correctinga
disease-causing mutation, designing proteins
that have never existed in nature or engineer-
ing organisms that can clean up pollution.

Brave new world

Alsystems can redesign genomes in silico as if
they were software, rearranging bases like code.
These programs use modelling to predict how
the sequence of agenerelates to the structure
of the proteinitencodes, and therefore the pro-
tein’s function. They canalso runsimulations to
test how aredesigned genome might behave.
One day, Woolfson theorizes, Al-assisted
genome design might enable scientists to
produce a computer system that he calls a
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species catalogue. This repository would
contain all of the information needed to
design a whole host of possible life forms.
Suchacatalogue would enableresearchersto
create organisms for aspecific purpose, such
as producing innovative drugs and making
crops resistant to pests to eliminate the need
for pesticidesin agriculture.

Eventually, Woolfson notes, researchers
hope to achieve what he refers to as artificial
biological intelligence — models that can
propose complete, working genomes from
scratch. Yet there are many limitations that
prevent current models from achieving this.
For one thing, it is still frustratingly difficult
to predict how the expression of each indi-
vidual gene affects the expression of others.
Furthermore, organismal development is
context-dependent and is therefore hard to
consolidate into a neat algorithm. Bee larvae
candevelopintoworkers or queens depending
on nutrition, for example, and people learn
to speak with the accent of their parents and
peers. Neither of these characteristics can be
predicted by computer models.

Andthen, of course, there are the challenges
that come with actually building the organism
in the laboratory.Just because it is possible
to design a unicorn genome doesn’t mean
that people will get to ride one. The synthetic
yeast genome project, which began in 2006,

illustrates some of these difficulties. The
genome is a modified version of a natural
yeast, Saccharomyces cerevisiae, with tweaks
to remove non-essential genetic regions and
to make it easy to physically shuffle sections
of the genome, among other things. But
assembling the synthetic chromosomes has
beenlabour-intensive, with the last few being
completedin2025. Moreover, DNA produced
conventionally is condensed as it is created
so that it fits into the nucleus; it is difficult to

“Genome edits
today could lock
inirreversible
biological futures.”

retrospectively stuff whole chromosomes
into a cell. The researchers involved are still
working on this last problem.

Another complexity is how evolution limits
the possible pathways downwhich anorganism
can develop, as a decades-long experiment
highlights.Since 1988, researchers have tracked
how cultures of Escherichia colibacteria kept
inidentical conditions have evolved over many
years. Most of the bacterial cultures have
gradually accumulated genetic mutations to
metabolize the glucose intheir feedstock more

efficiently. Butin2003, one culture surprised

researchers by evolving to instead metabolize
another molecule entirely: citrate. This shift
required gene duplications and the rewiring
ofentire metabolic programs. It was probably
written into the strain’s destiny early in the
experiment, when the first of these mutations
occurred, sending this one strain down a
distinct evolutionary path from the others.
This shows, Woolfson warns, how small
genome edits today could lockinirreversible
biological futures. Some choices, once made,
eliminate other options. If researchers want
to freely design species, they need to watch
out for these one-way streets. For example,
if scientists edit out a biosynthesis pathway
because they think that it isn’t necessary, all
future organisms from that lineage will lack
it. Too much genome editing might create
organisms that cannot evolve, or be evolved,
in response to changing environments.
Ontheideaofredesigninghuman genomes,
Woolfson resists wading into the ethical
debate about making edits that might be
passed down through generations, instead
focusing on what’s technologically possible
now and what might be possible in the
future. Small therapeutic edits made to just
a few genes are already benefiting people
with diabetes and sickle-cell disease. But
eliminating more complex conditions such as

Nature | Vol 650 | 26 February 2026 | 823



Books & arts

Booksinbrief

-3

GILLEN
D’ARCY
WooD

The Wake of HMS Challenger

Gillen D’Arcy Wood Princeton Univ. Press (2025)

Similar to the global voyage of naturalist Charles Darwin on the

HMS Beagle in the 1830s, HMS Challenger’s 1872-76 oceanographic
expedition left a vast scientific legacy — although one less familiar
than its predecessor’s. The HMS Challenger’s crew members are “long
gone, but the ship’s imprint is still on the world’s oceans”, concludes
Gillen D’Arcy Wood, an environmental historian. Wood's book revives
the importance of the expedition’s “floating marine laboratory” and
reveals its relevance to the challenges the oceans face today.

Climate by Proxy

Melissa Charenko Univ. Chicago Press (2025)

“Climate defies easy definition,” writes historian Melissa Charenko

in her complex yet accessible book on the scientific study of the
climate during the twentieth century. This research relied on climate
proxies, which fall into two types. Physical proxies include fossilized
pollen, tree rings and stalagmites. Meanwhile, historical records such
as diaries, photographs and ship logs can contain information about
cloud cover and harvest dates. Today's challenge, Charenko argues,
is to combine data from many proxies using modern computers.

A Little
History of

The Earth

Jamie
Woodward

A Little History of the Earth

Jamie Woodward Yale Univ. Press (2025)

One of the many vivid details in geographer Jamie Woodward’s brief
history of Earth is palaeontologist Stephen Gould's demonstration
of the planet’s 4.5-billion-year lifespan during his lectures. Using

his outstretched arm, Gould’s shoulder marks Earth’s formation, life
appears at the elbow and the last millimetre of his middle fingernail
represents the history of humans. Even so, Woodward’s lively book
devotes about one-quarter of its space to humans, while also
addressing the “five great spheres of the Earth system”.

HEALTHY TO

LESSONS ON AGEING
FROM THE WORLD’S
"HEALTHIEST COUNTRIES

KEN STERN

Healthy to 100

Ken Stern PublicAffairs (2025)

In 2024, businessman Ken Stern visited “five of the most successful
aging countries in the world” — Japan, South Korea, Spain, Italy and
Singapore — which define his thought-provoking book about ageing
and health. Although these nations do not rank at the top of global
indicators that are conventionally associated with health and life
expectancy, such as gross domestic product, he reveals that they
all share strong social-support networks, which encourage “lifelong
learning, intergenerational relationships, and volunteerism”.

The Library of Lost Maps

James Cheshire Bloomsbury (2025)

The finest maps combine art, science and history — as shown by the
success of the British Library’s 2010 Magnificent Maps exhibition

in London. So why are “no major museums or galleries” devoted to
maps, asks geographer James Cheshire. Inspired by a map library at
University College London, his detailed study ranges from a US army
map of Hiroshima in Japan before the atomic bomb was dropped on
the city to Marie Tharp’s map of the mid-Atlantic Ridge, which helped
to confirm the theory of continental drift. Andrew Robinson
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autoimmune diseases would require rewiring
complicated genetic programs that are still
only partially understood, a capability that
scientists are still years away from.

Alibrary of life

Woolfson is at his most compelling when
discussing the second central theme of the
book, biodiversity. He frames ecosystems
and species as vast archives of evolutionary
knowledge: a giant library of possible forms,
functions and solutions to the challenges of
life. Every organism has developed its own
strategies to optimize thermodynamics,
metabolism, reproduction and more.

Researchers could draw on this library when
redesigning organisms. But no individual
scientist or algorithm could fully reconstruct
these unique and hugely complex adapta-
tions if a species were to become extinct.
Evenifresearchers had acomplete genome
sequence, a separate species, with a different
gestational environment, would haveto carry
the pregnancy, and epigenetic information
(molecular marks on DNA that modulate gene
expression) would be lost. Thus, Woolfson
argues, biodiversity is not simply aesthetically
valuable or ethically important. It is also the
foundation on which predictive biology and
genome construction ultimately depend.

On the Future of Species manages to artic-
ulate the connections between molecular
biology, systems biology, computation and
evolution, without reducing any of these dis-
ciplines to caricatures. Woolfson’s attention
todetailis excellent, with precise explanations
that are accessible to non-specialists while
offering enough depth to engage experts.

However, at times, Woolfson’s optimism
about future modelling capabilities exceeds
current theoretical frameworks. In my view,
his confidence that we will eventually be able
to predict the relationships between genes
and the traits that they encode perfectly might
underestimate the role of stochastic variation
inbiology. But this could be abiased criticism
from an experimentalist who worries about
her job being made obsolete by comprehen-
sive genomic simulations.

In closing, Woolfson delivers a warning.
Creating genomes from scratch is not inher-
ently dangerous, but we are acquiring tools
powerful enough to remake life while lack-
ing the theoretical understanding needed
to control the consequences. Redesigned
organisms might cause unintentional harm.
Forexample, bacteriaengineeredtoberesist-
anttoantibiotics could, if they escape the lab,
causethe spread of resistance in wild bacterial
populations. Careis needed to ensure that our
new tools are used safely and responsibly.
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