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A thermodynamically favoured molecular computer
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A Abstract]

Here we demonstrate a thermodynamically favoured Scaffolded DNA Computer (SDC) on 10 programs,
including Multiplication-by-3, Division-by-2, 8-bit Parity-detection and Addition of 25-bit numbers—a
100-bit computation. SDC algorithms have simple experimental protocols, can be reused dozens of times
and small instances run in under a minute. Mathematical, physical and computer science principles explain
why the SDC is thermodynamically favoured, why it does not require error-correction or precise Kinetic

control, and how it is programmable and scalable. This work creates a new way to think about equilibrium
computation in all manner of synthetic systems..
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Human brain organoids record the passage of time over multiple years
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A Abstract[]

Here we develop human brain organoids for 5 years in culture, optimizing growth conditions to extend
excitatory neuron viability beyond previous limits. Using maturation-associated modules derived from
endogenous human brain, we show that brain organoids transcriptionally age with cell type specificity over
years in culture. Whole-genome methylation profiling reveals that the predicted epigenomic age of organoids
correlates precisely with time spent in vitro, and parallels epigenomic ageing in vivo. Notably, we show that in
chimeric organoids generated by mixing neural progenitors of different ages, old progenitors rapidly produce
late neuronal fates, skipping the production of earlier neuronal progeny, therefore showing that progenitors
that age in organoids retain a memory of the time spent in vitro. The data indicate that human brain
organoids can continue to mature and record the passage of time over many years in culture.
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Here, to directly investigate the mechanisms of neuromodulation elicited by human brain stimulation, we
developed an ex vivo platform that integrates microelectrode array stimulation with simultaneous recording
and single-nucleus genomics from resected temporal cortex obtained from patients undergoing
neurosurgery. We found that stimulation strengthens cell assemblies and then linked this effect to cell-type-
specific gene regulatory networks. We further demonstrated the generalizability of these findings by
identifying common cell-type-specific gene expression signatures in the human cortex following in vivo
stimulation. Together, our results establish a foundation for identifying targetable genetic signatures linked
with physiology that may be harnessed for therapeutic benefit via neuromodulation strategies.
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The Virtual Tissues foundation model resolves spatial proteomics across scales
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A Abstract(

Here we present Virtual Tissues (VirTues), a general-purpose foundation model for spatial proteomics that
learns marker-aware, multi-scale representations of proteins, cells, niches and tissues directly from multiplex
imaging data. From a single pretrained backbone, VirTues supports marker reconstruction, cell
segmentation and typing, niche annotation, spatial biomarker discovery and patient stratification, including
zero-shot annotation across heterogeneous panels and datasets. In triple-negative breast cancer, VirTues-
derived biomarkers predict anti-PD-L1 chemo-immunotherapy response2 and stratify disease-free survival
in an independent cohort3, outperforming state-of-the-art biomarkers derived from the same datasets and
current clinical stratification schemes.

A dependency map enhanced with next-generation 3D cancer models
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Here we perform 147 genome-scale CRISPR screens and multi-omic characterizations of next-generation
(NextGen) cancer models (organoids and spheroids) across 10 cancer types. This strategy enables the
expansion of DepMap to cover new genomic and molecular subtypes and to identify new biomarker-
associated vulnerabilities. These new models also preserve transcriptional programs that are silenced in
traditional cell lines and facilitate the discovery of specific gene dependencies associated with these programs.
Comparisons of traditional and NextGen cancer models enable further identification of distinct effects of
growth format and culture medium on gene essentiality. The integrated dataset combines data from both

model types to offer a valuable, expansive resource for exploring cancer vulnerabilities and is accessible via
the DepMap portal.
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Mobile education builds resilience during shocks in five countries
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A Abstractd

Here we present results from five randomized trials in India, Kenya, Nepal, the Philippines and Uganda to
evaluate the provision of education in emergency settings. We test multiple scalable models of remote
targeted tutoring instruction, comparing delivery by governments and non-governmental organizations
(NGOs). Whereas text messages have mixed results, tutorials conducted via phone call show effectiveness
across diverse settings. We find large and robust effect sizes on learning. These effects are highly cost-
effective, and deliver approximately 4 years of high-quality instruction per US$100 spent. Results show large
effects when delivered by government teachers or NGO instructors. Together, our results reveal that it is
possible to strengthen the resilience of education systems, enabling education provision amid disruptions,
and to deliver cost-effective learning gains across contexts and with governments.
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