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ABSTRACT

In 2022, Development launched its Pathway to Independence (PI)
programme, aimed at supporting postdocs as they transition to their
first independent position. In 2025, we welcome our third cohort of
eight talented PI fellows. In this article, each fellow discusses their
perspective on the future of their field and how their work will
contribute to this exciting new era.

Small but mighty: how small RNAs shape phenotypic
plasticity

Chee Kiang Ewe

Caterpillars of the moth Nemoria arizonaria hatching in spring
look like young oak flowers, whereas those that hatch in summer
resemble fresh twigs, allowing them to blend seamlessly into their
environments and evade predators; the water flea (Daphnia spp.)
develops a protective helmet in response to predator kairomones; the
Mexican cavefish lacks eyes and pigmentation, along with exhibiting
metabolic changes compared to its river-dwelling relatives, enabling
adaptation to life in darkness. These are only a few of the countless
examples of developmental plasticity. How do organisms sense,
respond and ultimately adapt to their environments to survive? Non-
coding small RNAs (sRNAs) involved in RNA interference (RNA1)
are excellent candidates for environmentally induced developmental
switches that drive phenotypic plasticity.

At the heart of RNAI are Argonaute proteins (AGOs), which are
highly conserved across all domains of life. Non-coding sRNAs,
coupled with AGOs, form the RNAi-induced silencing complex,
which can drive rapid and precise gene expression change. In many
cases, SRNAs guide AGOs to complementary mRNAs, targeting
them for post-transcriptional gene silencing (Swarts et al., 2014; Wu
et al., 2020). Despite intense efforts to understand the mechanisms
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of RNAI since its discovery in plants and Caenorhabditis elegans in
the 1990s, we seem to have only glimpsed the tip of a very large
RNAi iceberg. How do AGOs select their targets, and how does this
selection change across different cellular contexts? How do sSRNA/
AGO regulatory outputs change in response to environmental
triggers? What are the roles of sSRNA/AGO in environmental
adaptation and evolution?

AGOs target different genetic elements, such as transposons,
pseudogenes and protein-coding genes, and exhibit distinct target
repertoires (Seroussi et al., 2023). How different sRNAs are
selectively loaded onto the AGOs is not well understood, although
the spatial-temporal expression of the AGOs is clearly important (e.g.
Chen and Phillips, 2025). Interestingly, in our recent study, we found
that the C. elegans-specific AGO, SAGO-2, can perform opposing
functions, either silencing or activating gene expression, depending
on its expression levels. This is regulated by an immunological switch
that controls infection by intracellular pathogens such as viruses (Ewe
et al., 2025a). How SAGO-2 activates gene expression is currently
unknown. One possibility is that SAGO-2 recruits different protein
binding partners depending on its abundance, expanding the variety
of RNAI gene regulatory outcomes.

Since the discovery of RNAI, it has become clear that regulatory
sRNAs can cross cell boundaries and regulate genes through specific
base-pairing (Jose, 2015). We recently demonstrated that neuronal
sensory inputs can influence the expression and activity of AGOs in a
cell-non-autonomous manner, suggesting that the small RNA pathway
integrates environmental information via the nervous system.
Importantly, these effects appear to be independent of the direct
transfer of mobile RNAs and, instead, act through a neuroendocrine-
like signalling mechanism (Ewe et al., 2025b preprint; Teichman et al.,
2024 preprint). Future studies in my lab will elucidate how the SRNA
machinery integrates intrinsic and extrinsic information across tissues
to orchestrate complex, systemic gene regulation, thereby advancing
our understanding of the molecular basis of genotype-by-environment
interactions that give rise to developmental plasticity.

Leveraging the nature of insect neural lineages to explore
neural circuit evolution
Max S. Farnworth
Brains are complex structures made up of thousands to billions of
cells (Azevedo et al., 2009; Polilov, 2012). Even ~140,000 neurons
in a small brain of the fruit fly Drosophila melanogaster form
50 million synaptic connections (Dorkenwald et al., 2024). Neurons
construct circuits that interconnect functionally related neurons to
facilitate a particular behavioural outcome. Often, generalizable
patterns of connected neurons, or motifs, emerge (Braganza and
Beck, 2018) that permit us to make sense of the complexity of many
of these connections.

However, in insects, another dimension helps organize this
complexity into more manageable elements: their brains develop
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through neural lineages. We currently assume that there is a
conserved number of ~100 neural stem cells, or neuroblasts, per
hemisphere (Urbach and Technau, 2003). The complete progeny of
one of those neuroblasts is a neural lineage (Spindler and
Hartenstein, 2010).

Intriguingly, the cell somata of a neuroblast’s progeny tend to stay
tightly clustered (Spindler and Hartenstein, 2010). I hypothesize
that this is because insects have predominantly unipolar neurons
(Spindler and Hartenstein, 2010), which potentially evolved out of
size constraints — push all the neuronal nuclei to the outside of the
brain, and have input and output sites in the centre. Therefore, cell
body location, in part, harbours information about genetic and
developmental relatedness (Lacin and Truman, 2016; Spindler and
Hartenstein, 2010). Moreover, if cell somata form clusters, neurites
projecting out from these somata during neurogenesis also start off in
proximity and tend to fasciculate into bundles, or lineage-associated
tracts (Farnworth et al., 2022; Hartenstein et al., 2015; Ito et al., 2013;
Lee, 2017; Schlegel et al., 2024). The DALvV2 lineage, for example,
forms many neurons, with tightly clustered cell bodies, and distinct
neuron types in this lineage with distinct functions (Farnworth et al.,
2025; Kandimalla et al., 2023). Consequently, anatomical proximity
of neuronal somata and parts of their neurites partially indicates
genetic, developmental and functional relatedness (Kandimalla et al.,
2023; Schlegel et al., 2024).

Despite its importance, neural lineage identity is underused in
neural circuit studies. We now have synapse-level maps of all
neuronal connections, or connectomes, in Drosophila (Dorkenwald
et al., 2024; Scheffer et al., 2020). However, we have only now
started to piece together how the information of the Drosophila
connectome relates to the maps of neural lineages produced years
before, with many elements remaining unclear (Kandimalla et al.,
2023; Schlegel et al., 2024).

I am ultimately fascinated by how neural circuits evolve. Due to
the nature of neural lineages, insects are a very intriguing model
system. Widespread and cost-effective single-cell sequencing
(Cicconardi et al., 2025; Vandereyken et al., 2023), advances in
gene editing (Ahmed et al., 2025; Matsuoka et al., 2025) and
accessible ways of creating precise anatomical maps (Sayre et al.,
2021; Tavakoli et al., 2025) create permissible technical pathways
into many non-model organisms. By determining the genetic and
developmental underpinnings of neural circuits and their precise
anatomical structure across species, it is time to delve into how
neural circuits develop and evolve.

Beyond steady state: why protein expression dynamics
matter for development

Anzy Miller

Proteins are not always steadily expressed. Instead, many demonstrate
dynamic expression patterns, with repeated peaks and troughs
in protein levels over time (oscillations). Perhaps the best-known
example are circadian clock proteins, where rhythmic expression
creates periodic 24-h cycles (Hastings et al., 2019). Another example
is p53 dynamics in response to stresses: y-irradiation leads to p53
expression oscillations and cell cycle arrest, while UV radiation
results in a single, broader pulse of pS3 expression, causing apoptosis
(Batchelor et al., 2011; Purvis et al., 2012).

Does oscillatory protein expression occur during development?
Yes — several research labs have found that many key developmental
regulators have dynamic expression observed across tissues and
species. For example, NOTCH signalling pathway effectors oscillate
during neurogenesis, pancreas development, somitogenesis,
myogenesis and intestinal cell differentiation in organisms ranging

from mice and humans to zebrafish and chick (Delaune et al., 2012;
Diaz-Cuadros et al., 2020; Imayoshi et al., 2013; Manning et al.,
2019; Marinopoulou et al., 2021; Matsuda et al., 2020; Miller et al.,
2025; Palmeirim et al., 1997; Seymour et al., 2020; Shimojo
etal.,2011; Soto et al., 2020; Takashima et al., 201 1; Weterings et al.,
2024 preprint; Zhang et al., 2021). Beyond NOTCH signalling
components, effectors part of the FGF, WNT, HIPPO and TGFp
signalling pathways are also oscillatory in their expression (Aulehla
et al, 2003; Matsuda et al., 2020; Niwa et al., 2011). Even
transcription factors (TFs) that integrate signals from multiple
signalling pathways, such as SOX2 (Fu et al, 2024), have
oscillatory expression, illustrating how widespread and pervasive
oscillatory expression is in developmental biology.

Why should we care about protein expression dynamics in
development? Organ development relies on generating the right cell
types at the right time, guided by successive cell-fate decisions, which
are controlled by the expression of unique sets of TFs. Therefore, our
understanding of development is incomplete without studying TF
expression dynamics. Importantly, TF dynamics are functional:
I recently showed that NGN3 oscillations control the timing of
pancreatic endocrine cell differentiation (Miller et al., 2025), and
oscillations can also balance proliferation with differentiation
(Imayoshi et al., 2013; Seymour et al., 2020; Shimojo et al., 2008;
Zhang et al., 2021) and control stem cell exit from quiescence
(Marinopoulou et al., 2021). However, we know little about how
these dynamics are decoded and read by the cells to control these
functions. Furthermore, oscillations might encode multiple layers of
information within a single signal (Levine et al., 2013). We know that
the fold-change/amplitude, period and phase of oscillation are
functionally important (Dean et al., 2024 preprint; Goentoro and
Kirschner, 2009; Miller et al., 2025; Sabherwal et al., 2021; Schroter
and Oates, 2010; Sonnen et al., 2018; Weterings et al., 2024 preprint).
But what mechanisms allow downstream targets to read these
different parts of an oscillation? I have recently shown that the gene
regulatory network downstream of NGN3 is important to decode
fold-change variation from NGN3 noisy oscillations (Miller
et al., 2025). T am excited to explore these mechanisms further to
understand how protein expression dynamics impact cell-fate
decisions and timing. The future is dynamic!

The future is here: developmental neuroscience in the
-omics era

Joaquin Navajas Acedo

How the embryo robustly generates its many cell types remains a
fundamental question in biology. This is particularly relevant during
nervous system development, where some animals, such as the
invertebrates C. elegans or Drosophila, create cells deterministically
using fixed lineages. Others, such as vertebrates, use a non-
deterministic way of generating a highly heterogeneous and
elaborate cellular architecture with hundreds of cell types with
distinct molecular, morphological and physiological properties
(Lodato and Arlotta, 2015; Sharma et al., 2020; Holguera and
Desplan, 2018; Pollington et al., 2023; Hobert, 2016).

The complex phenotypical diversity observed in vertebrates is a
product of an intricate combination of spatial, local and temporal
signals, and a hierarchy of transcription factors in progenitors and
postmitotic neurons (Di Bella et al., 2024; Sagner and Briscoe,
2019; Lodato and Arlotta, 2015; Roome and Levine, 2023).
However, we still lack an integrated and comprehensive single-cell-
level view of this process. This is, in part, due to nervous system
accessibility in space and time, as well as its size; even the smallest
vertebrate brain, in Danionella cerebrum, has thousands of neurons
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(Schulze et al., 2018). Furthermore, some biological systems use
stochasticity as a feature — not a bug — to generate diversity (Nerli
et al., 2023; Miller et al., 2021; He et al., 2012). The problem thus
possesses many layers of intricacy: (1) producing diversity at the
cellular level; (2) producing diversity at the populational level;
and (3) producing diversity robustly at the interindividual level.
How does the genome integrate information spatiotemporally to
generate the phenotype of a given neuron? How do cell division and
morphogenesis modulate this process? What are the cellular
mechanisms behind developmental robustness within and across
populations of neurons?

Achieving a detailed cellular-level, high-definition understanding
of the mechanisms generating robust neuron diversity in the
vertebrate nervous system requires studying simple, tractable
models that still possess neuron complexity. My system of choice
is the Rohon-Beard (RB) neurons of zebrafish. RBs are
somatosensory neurons in the dorsal spinal cord of anamniotes that
are born early and remain throughout juvenile stages, which I showed
counter to a ~150-year-old assumption of total disappearance by
programmed cell death (Navajas Acedo, 2024; Liu and Kucenas,
2024). Due to the fast development of RB neurons, their
direct accessibility to manipulations and imaging, and their small
number, they represent an ideal model to study nervous system
development. My current work describes the different layers of RB
neuron diversity — transcriptional, spatial and between individuals —
during development, by tracking their simple cell lineages and
dissecting the transcription factors necessary for their diversification.
Interestingly, RB neuron molecular diversification process follows a
stepwise logic, and even if some of the steps seem to rely on
stochastic events, it is remarkably robust across individuals.

It is an exciting time to be a developmental neurobiologist
because of the recent innovations in lineage tracing ex vivo and
in vivo, temporospatial analysis of RNA and chromatin architecture
during development, and precise genome manipulations. Such
techniques are allowing me to comprehensively disentangle when
and how cell behaviours and molecular cascades contribute to
neuron diversification. We will be able to systematically link
molecular and genomic events across the totality of differentiation
trajectories. Ultimately, we will mechanistically explain each of the
phenotypical characteristics of the neuron, and how these are
produced in a robust way within a population.

Jumping through evolution: deciphering the roles and rules
of transposable elements in mammalian development

Marlies E. Oomen

How does a selfish element become useful to its host? Transposable
elements (TEs) are mobile genetic units that, once inserted, multiply
throughout the genome (Wells and Feschotte, 2020). To maintain the
ability to transpose, TEs hijack the host cell transcription machinery.
Consequently, successful TEs typically contain transcription factor
motifs and other sequences that enhance their transcription (Hermant
and Torres-Padilla, 2021). TEs have been prolific at this genomic
colonization; around half of the mouse and human genomes
originates from TE sequences (Rodriguez-Terrones and Torres-
Padilla, 2018). As transposition activity of TEs can cause genome
instability, activity of TEs is controlled to maintain host cell fitness
(Oomen and Torres-Padilla, 2024). In addition to epigenetic silencing
(Almeida et al., 2022), many TEs become domesticated and lose
sequence integrity over evolutionary time, leaving remnants of their
sequences that can no longer transpose. Interestingly, these remnants
can be beneficial to the host and often contain sequence substructures
that allow them to be transcribed, bind transcription factors, act as cis-

regulatory sequences and function as a sequence repository for
genome innovation (Fueyo et al., 2022; Modzelewski et al., 2022).

Since their discovery in maize by Barbara McClintock
(McClintock, 1950), TEs have remained long understudied in the
age of genomic sequencing — not through lack of interest, but lack of
tools to study them. Their repetitive nature makes it challenging to
accurately map genomic and transcriptomic reads to an individual
insertion (Lanciano and Cristofari, 2020). However, TEs have become
more broadly studied, thanks to the rise of long-read sequencing
methods (Berrens et al., 2022), improved genome assemblies and
annotations (Storer et al., 2021), and software tools for accurate
quantification (Jin et al., 2015; Oliveira et al., 2023). Furthermore,
large language models and machine learning approaches will enable
further analysis of TE sequence characteristics and the prediction of
their cis-regulatory roles (Eraslan et al., 2019).

The evolutionary balance between selfish elements, which
jeopardize genome integrity, and the co-option of beneficial
regulatory elements is at the heart of TE research. One enticing
hypothesis proposes that TEs can act as sequence-encoded switches
that regulate transcriptional programmes genome-wide (Friedli and
Trono, 2015). This is particularly interesting in the context of
development, when transcriptional programmes rapidly transition.
Several examples of TE co-option are known, primarily in the mouse
embryo and embryonic stem cells (Modzelewski et al., 2021,
Hermant et al., 2025; De Iaco et al., 2017; Macfarlan et al., 2012).
However, TEs, and their co-option, are present in all lifeforms
(Matsushima et al., 2024; Osmanski et al., 2023; Oomen et al., 2025).
Moreover, some TEs are shared across species; once inserted in a
common ancestor, they co-evolved with their hosts as species
diversified and remained transcriptionally active, despite losing
transposition activity many million years ago (Oomen et al., 2025).
Understanding the interactions between the host genome and TEs
requires studying the regulation of and by TEs by comparing different
species, highlighting conserved regulatory pathways and species-
specific diversification. Embracing recent technological advances
and an evolutionary perspective will lead to a better understanding of
the roles and rules of TEs in mammalian genome regulation.

Thriving in a noisy world: towards an integrated view of
developmental robustness

Giulia Paci

Development unfolds under the continuous action of fluctuating
mechanical forces, originating from the environment or within the
developing organism. For example, plants exhibit the fascinating
phenomenon of thigmorphogenesis (Braam and Chehab, 2017), in
which growth and development are altered dramatically by stimuli
such as touch and wind. Even in organisms we typically consider
‘shielded’ from the environment, such as humans, development can be
affected by mechanical inputs. Recent studies of foetal movements in
the womb have found that kicking forces are significantly reduced in
the case of breech position, which correlates with an increased risk of
developmental hip defects (Verbruggen et al., 2018). Organs
themselves often develop while generating mechanical forces: in the
heart, fluid shear stress and stretching forces generated by heartbeats
are important for valve morphogenesis (Fukui et al., 2021) and cardiac
contraction affects extracellular matrix remodelling (Gentile et al.,
2024). The presence of ‘mechanical noise’ permeates to the cellular
scale, where stochastic expression and assembly of cytoskeletal
elements and motor proteins generate fluctuating tension levels. In the
Drosophila developing leg, Myosin II planar polarity buffers these
fluctuations to ensure precise tissue folding (Martin et al., 2021).
Robust development in these ‘noisy’ conditions is even more striking
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if we consider that mechanical forces impact key cellular functions
such as fate specification, division and apoptosis (Paci and Mao,
2021).

Mechanical forces also determine cell shapes, which in turn can
affect signalling, particularly when membrane-bound receptor/
ligand pairs are involved (Dullweber and Erzberger, 2023). We
recently demonstrated that 3D cell shapes can tune the effective
range of Notch-Delta signalling and directly impact developmental
patterning in the Drosophila wing (Paci et al., 2025 preprint).
Wing disc cells have an elongated, tortuous 3D shape and
exchange neighbours multiple times along their apico-basal axis.
Experimentally ‘straightening’ the cells by perturbing cortical
stiffness resulted in an altered pattern of wing margin sensory organ
precursors. Since similar complex 3D shapes (Gomez-Galvez et al.,
2018) are widespread in developing tissues, it will be exciting to
explore whether dynamic modulation of cell shapes represents a
universal mechanism by which tissues fine-tune signalling distance
to coordinate cell growth and fate specification with morphogenesis.

Importantly, this relationship is not one-directional, but signalling
can feed back directly into cell mechanics and control cell shape. For
example, in the developing zebrafish heart, Notch-mediated
actomyosin dampening enables compact layer cells to stretch,
supporting tissue growth (Andrews et al., 2025). These observations
reveal multiple feedback loops between mechanics, cell geometry and
signalling, which collectively contribute to robust development.

Looking ahead, it will be exciting to explore how mechanical forces
interact with other environmental stressors, which never act in isolation
in nature. Temperature, for example, alters cytoskeletal dynamics,
membrane fluidity and enzymatic activity, affecting both mechanical
properties and signalling. Metabolism is deeply intertwined with tissue
mechanics, cell proliferation and growth. These factors are tightly
interwoven with developmental processes and may modulate how
cells interpret mechanical cues. Robustness in development is a
multidimensional problem requiring an interdisciplinary cross-cutting
approach. Bringing together researchers working across scales, from
molecular aspects to organism-level physiology, will advance a more
holistic understanding of how robust development is achieved amid
fluctuating environments.

One genome’s ‘junk’ is another genome’s treasure

Sonya A. Widen

In his wonderfully titled 1972 paper, “So Much ‘Junk” DNA In Our
Genomes”, Susumu Ohno argued that the majority of non-coding
DNA in the human genome was highly repetitive ‘junk DNA” with
no clear contribution to any phenotype (Ohno, 1972). He was the
first to coin this term that became widely used for decades, labelling
transposable elements (TEs) and other highly repetitive sequences
as largely useless — an idea that persisted for long enough that, in
2007, it was taught to me in introductory genetics as a bachelor’s
student.

The era of genomics and the combined efforts of many talented
scientists have changed the narrative of TEs and endogenous
retroviruses from genomic parasites to powerful evolutionary forces
shaping development, diversity and disease (Gasparotto et al., 2023;
Oomen and Torres-Padilla, 2024; Li et al., 2025). If TEs are ‘junk’,
then evolution has gone antiquing. For example, TEs and retroviral
sequences have shaped our placentas (Shiura et al., 2023) and taken
our tails (Xia et al., 2024). Across eukaryotes, most unexpectedly,
some TE families can mobilize not only within a genome, but
between them, laterally colonizing new species through horizontal
transposon transfer (HTT; Gilbert and Feschotte, 2018). We
recently discovered that ancient eukaryotic virus-like transposons

called Mavericks (or Polintons) have been repeatedly transferred
between diverse nematode species on a global scale (Widen et al.,
2023; Jeong et al., 2023). In fact, Mavericks have systematically
picked up two novel nematode gene families as ‘cargo’ and
transferred them between species, identifying Mavericks as a long-
sought vector of horizontal gene transfer (HGT) in animals (Widen
et al., 2023).

Although viruses and related TEs have been proposed to mediate
HGT (Gilbert and Cordaux, 2017), the first implication of Mavericks
as vectors of HGT adds another layer of complexity. The impacts of
HGT on evolution and development are now well documented
(Gabaldon, 2020; Keeling, 2024), and examples of HGT both within
and between eukaryotic kingdoms are accumulating rapidly, but the
vectors underlying these transfers remain unknown. Do Mavericks
and analogous TEs with viral properties mediate HGT beyond
nematodes? How can they bypass both physical and genetic barriers
to integrate into the germline of a new species? Are some genes or
sequences more likely to be horizontally transferred than others? How
do vectors overcome phylogenetic and geographical distance? Our
ability to answer these questions hinges upon: (1) wider sampling of
genomes from more diverse organisms; and (2) the development of
models where we can test evolutionary questions at a mechanistic
level. The discovery of widespread Maverick-mediated HGT in
nematodes is just the beginning (the first recurrent system where both
vector and cargo are known in an organism amenable to lab study) but
in the age of genomics, it will not be the last. The coming years will
move researchers from describing HGT events of the past, into
understanding at a functional level how TEs and viruses are able to
escape the ‘vertical’ confines of their home species. This will
undoubtedly open a new understanding of how eukaryotes evolved,
changing our tree of life into a more interconnected web of life.

Engineering development in the era of stem cell models
Toshimichi Yamada

How a single cell, a zygote, grows into a whole baby is a central
question in developmental biology. While significant advances
have been made in understanding mammalian development,
particularly in mice, the in utero environment presents a unique
technical challenge as embryogenesis is largely inaccessible. This
has made model organisms, such as Xenopus and zebrafish,
valuable to understand the fundamental principles governing early
development (Choi et al., 2021; Kostiuk and Khokha, 2021).

Recent advances in stem cell biology and bioengineering have
opened this developmental black box. We can now guide pluripotent
stem cells into structures that resemble natural embryos (Shahbazi
etal., 2019; Zernicka-Goetz, 2023), such as blastoids (Kagawa et al.,
2022) and gastruloids (Moris et al., 2020) that recapitulate pre-
implantation and gastrulation, respectively, and stem cell-based
embryo models that reconstruct the entire early embryo (Oldak et al.,
2023; Weatherbee et al., 2023).

This technological milestone raises a deeper question: what
should we do with these models? Much of the field has focused on
perfecting the technology, trying to make accurate models of natural
embryos. While essential, if we only focus on copying what
happens in nature, we might overlook the true potential of these
in vitro models. Instead of recapitulating native development, can
we learn deeper by actively redesigning it?

To find the path forward, we can look back to one of the landmarks
in the history of developmental biology: the Spemann-Mangold
organizer (Spemann and Mangold, 1924). They transplanted a piece
from the dorsal lip of an amphibian embryo to the opposite side of
another embryo. This small graft organized the surrounding
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host tissue to form a second, complete body axis, generating
conjoined twin tadpoles. The organizer concept fundamentally
transformed developmental biology, shifting the field from
descriptive embryology toward experimental, hypothesis-driven
science. Using the organizer, researchers could actively manipulate
embryos to understand the molecular logic underlying development
(De Robertis, 2006).

What if we applied these organizing principles to stem cell-based
embryo models, but with a synthetic biological approach? Instead of
transplanting cells between embryos, I tried to engineer an organizer
from scratch to control signal types, amplitude and timing (Yamada
et al.,, 2025). Starting from a mouse fibroblast cell line, we
constructed a ‘synthetic organizer’, a user-defined signalling centre
that secretes specific morphogens, which allows us to directly test
the sufficiency of specific signals in directing cell fate and tissue
morphology, deconstructing the complex process of development
into its causal relationships.

This synthetic approach to development has the potential to unlock
fundamental design principles (Trentesaux et al., 2023). By building
development from the bottom up, we can ask questions that would be
impossible with natural embryos: what are the minimal requirements
for organizing a body axis? How do cells integrate multiple signalling
inputs to make cell fate decisions? Can we engineer entirely
new developmental programmes that do not exist in nature? The
implications extend beyond basic science. Understanding the
modular logic of development will revolutionize our approach to
regenerative medicine and the treatment of developmental disorders.
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