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Zygotic genome activation (ZGA) marks the transition from maternal to embryonic control of development and provides a tractable system in which to examine how regulatory genome function is established (1). Recent work from the Vaquerizas laboratory has shown that chromatin architecture is extensively reorganized before and during ZGA, including the emergence of loops and insulation prior to major transcriptional activation in Drosophila (2). Related studies from the laboratory further indicate that major developmental transitions are accompanied by substantial rewiring of higher-order genome organization and regulatory state (3). These observations argue that ZGA should be analysed not simply as a transcriptional event, but as a coordinated process linking chromatin folding, cis-regulatory activity and cellular context. This project will address that problem by investigating how spatial and three-dimensional genome organization are coupled during genome activation in the early embryo.
The project will combine low-input chromosome conformation approaches established in the Vaquerizas laboratory, including Pico-C, with spatially resolved genomics methods available through the Russell laboratory, in particular Slide-tags, and potentially Xenium-based imaging approaches where appropriate. The central aim will be to define how promoter-enhancer communication, boundary formation, insulation and related architectural features are deployed during ZGA, and how these features map onto spatially restricted transcriptional states in intact embryonic material. Depending on the system and question selected, the work may also incorporate long-read sequencing to resolve isoform usage, haplotype-resolved transcription or allele-specific regulation in spatially defined embryonic contexts. The balance between experimental and computational work will be shaped by the specific direction of the project, but will involve integrative analysis of multimodal datasets at single-cell or single-nucleus resolution.
The precise biological question is intentionally kept broad within this framework so that the student can develop a focused project at the interface of developmental genomics, chromatin biology and spatial omics. This flexibility is supported by recent work from both groups, including the application of Xenium-based spatial transcriptomics in mouse embryos (4), the development of Slide-tags for multimodal spatial genomics (5), and recent spatial and regulatory atlases from the laboratory (6). The student will therefore be well positioned to define and test mechanistic hypotheses on how an active regulatory genome is established in space and time at the onset of embryonic transcription.
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