Project title: AI-Based Computational Methods for Integration and Segmentation Correction for Spatial Mapping of Human Bone Marrow
Supervisory team: Simon Haas, Shanxin Yuan and Llorenç Solé-Boldo
Project Summary: This project focuses on the development of novel AI-based computational methods to address two key challenges in spatial transcriptomics of human bone marrow: integration of spatial data with single-cell reference atlases, and correction of segmentation-induced false-positive signals. By leveraging machine learning and deep learning approaches, the project aims to improve cell identity assignment and transcript accuracy in complex, densely packed tissue environments.
_________________________________________________________________________
Project Title: Immune Microenvironment Reconstruction and Interaction Modelling via Generative Graphical Vision Transformers
Supervisor team: Muhammad Salman Haleem and Stuart McDonald
Project Summary: This project aims to develop scalable representations of the cellular microenvironment to quantify immune-epithelial interactions, a process relevant to tissue remodelling. The project will consider several computational approaches, including i) generative models for microenvironment reconstruction and 2) graph-based vision transformers to capture cellular morphology, spatial organisation, and immune cell interaction functions.
_________________________________________________________________________
Project title: Network based integration of mixed-cell and single-cel spatial modelling to investigate neuromuscular biology.
Supervisory team: Enzo Nicosia, James Timmons and Paul Chapple
Project Summary: The project will correlate transcriptomics information across different spatial and temporal scales, employing techniques of graph filtering, metadata incorporation, and diffusion-based spatial graph analysis to identify meaningful network modules of correlated gene expressions. The project will utilise novel brain and muscle bulk and paired 960-gene true single-cell transcriptomic profiles to develop novel network models of mammalian tissue biology.
_________________________________________________________________________
Project title: Linking scales through AI-derived mechanistic laws from spatial multimodal data
Supervisor team: Adrian Biddle and Sathiskumar Ponnusami
Project Summary: Utilising casual and representation learning on multimodal spatial datasets at the protein and transcriptomic level, we will derive mechanistic laws from single cell molecular data. These interpretable laws will be used to enable modelling across scales, with training of large H&E (histopathology) datasets to infer mechanistic associations with tissue remodelling.
_________________________________________________________________________
Project title: AI-Based 3D strategies for modelling true single-cell transcriptomics
Supervisory team: Qianni Zhang and James Timmons
Project Summary: Biology works in three dimensions (3D). The project builds on a large novel human data-set incorporating >120TB of true single-cell spatial data to first contrast standard 2D segmentation and emerging 3D spatial modelling approaches. We will then develop novel AI-based frameworks tailored to integrate serial spatial and IHC images. The project benefits from multi-model data and will implement graph-based modelling of cell–cell interactions to predict human metabolic phenotypes.
_________________________________________________________________________
Project title: AI driven modelling of intracellular RNA localisation 
Supervisory team:  Qianni Zhang, Mathieu Bourdenx and Paul Chapple
Project Summary: RNA trafficking and transport mechanisms regulate translation. Disruption of the spatial-temporal distribution of RNAs disrupts neural and glial cell physiology. High-resolution characterization of the spatial distribution and relationship across neuronal transcripts with brain function is challenging. The goal of this PhD project is to develop and validated novel computational models that can robustly assigning transcripts to subcellular compartments.
_________________________________________________________________________
Project title: Spatial multi-modal driven analysis of arterial remodelling
Supervisory team:  Thomas Iskratsch and Sathis Ponnusami 
Project Summary: Mechanosensitive phenotypic switching regulates vascular smooth muscle cells in blood vessels. The project will integrate mass-spectrometry imaging for lipidomic and proteomic analysis with spatial mechanical information from Brillouin microscopy and fluorescence staining. AI driven modelling aims to identify key pathways linking mechanical signals to tissue mechanics.
_________________________________________________________________________
Project title: Response Trajectory Modelling and Explainability via Multimodal Graph Representation Learning 
Supervisory team: Muhammad Salman Haleem and Vito Mennella
Project Summary: This project is aimed at the design and development of multimodal graph representation learning mechanism to predict airway epithelium remodelling via transcriptional profiles. The project will develop novel technological solutions such as i) graph neural networks driven multimodal fusion networks in which graph constructed from multimodal data to perform intra- and inter-modal information interaction, and ii) Transformer learning approaches to model airway epithelium response trajectories based on spatial, cross-modal as well as temporal inference.
_________________________________________________________________________
Project title: Interactive model training for multi-modal spatial biology using human feedback
Supervisory team: Shaheer U. Saeed and Vito Mennella
Project Summary: Deep learning methods typically require large, carefully annotated datasets which are costly to obtain. We will use interactive training approaches that allow AI models to use reinforcement learning, models will be trained from simple feedback signals such as preferences or quality scores on a limited number of examples. Benchmarking on multi-modal spatial biology tasks, including cell segmentation from volume EM and image-to-RNA translation we aim to produce scalable, transferable, and robust automated analysis pipelines.
________________________________________________________________________
Project title: Spatial mapping of molecular processes in the living brain through integration of transcriptomic, imaging and genomic data
Supervisory team: Zhongbo Chen and Greg Slabaugh,
Project Summary: A major challenge in neuroscience is profiling molecular processes in living patients due to inaccessibility of brain tissue. This project will develop advanced AI methods to integrate and co-register spatial transcriptomic data generated from multiple brain regions of human donors with high resolution magnetic resonance imaging and genomic data. Computational methods capable of inferring molecular insights from brain imaging and genotype information to advance precision medicine in neuroscience
_________________________________________________________________________
Project title: Random-walk based integration of multimodal spatial and temporal data for brain region classification
Supervisory team: Enzo Nicosia and Thomas Millner
Project Summary: Random walk–based sampling of spatial data has shown strong potential in fields such as plant biology, ecology and urban studies. Analysis of unbiased and biased walks on tessellated and annotated datasets enables the extraction of medium- and long-range spatial correlations without strong a priori assumptions. We will apply this to human CNS data including histopathology images, spatial and single-cell transcriptomics, and bulk-omics to develop robust, multi-dimensional models
_________________________________________________________________________
Project title: AI driven models of changes in vascular plasticity 
Supervisory team: Qianni Zhang and Neil Dufton
Project Summary: We have produced novel molecular profiles from microvascular cardiac blood vessels yielding insight not readily apparent using current image analysis techniques. We will develop novel AI-driven pipelines to integrate single cell endothelial cells proteomics performed by immunohistochemistry and full-spectrum flow cytometry, to improve the sensitivity of non-invasive, longitudinal, in vivo echocardiology analysis.
_________________________________________________________________________
Project title: 3D Cellular Fingerprinting: Bridging Confocal Microscopy and Single-Cell Omics to Break Probe Barriers in Spatial Transcriptomics
Supervisory Team: Caroline Brennan, Vitaly Voloshin, Enzo Nicosia and Lin Wang
Project summary: Spatial transcriptomics is expensive and has to balance the number of genes measured with spatial resolution. We aim to improve the resolution of spatial transcriptomics by combining confocal 3D microscopy scans with single-cell transcriptomics and graph-based information theory to impute cell-level transcriptomics from confocal microscopy. Modelling will identify representative genes that best preserve the expression patterns of specific cells or specific cell states.
_________________________________________________________________________
Project title: Pathway-centric interpretation of salivary gland remodelling through histology-anchored spatial transcriptomics, single-cell, and bulk RNA
Supervisory team: Michael Barnes and Greg Slabaugh
Project summary: The project aims are to integrate histology-anchored spatial transcriptomics with single-cell and bulk RNA-seq using a pathway-centric framework (ProtoPathway) to map where functionally relevant molecular pathways are active within salivary glands. By linking spatially localised pathway activity to specific cell types and tissue compartments, the study aims to uncover mechanistic drivers of glandular remodelling that are obscured by conventional transcriptomic approaches.
_________________________________________________________________________
Project title: Uncertainty-Aware Multimodal Deep Learning for Morphologically-Ambiguous Biological Boundaries
Supervisory team: Oscar Maiques and Ziquan Liu
Project summary: We will develop novel uncertainty-aware multimodal AI frameworks that integrate whole-slide histopathology, dermoscopy imaging, and unstructured text reports to quantify biological boundaries where morphological assessment alone fails. Using skin epithelia transition as a model system, the project will establish generalizable methods for handling distribution shift and prediction uncertainty in tissue-level image analysis, with applications spanning developmental biology, organoid characterization, and biomarkers.
_________________________________________________________________________
Project title: Machine learning-enhanced subcellular transcript localisation using compartment-specific protein landmarks
Supervisory team: QMUL supervisors to be confirmed, Mathieu Bourdenx (UCL)
Project Summary: This project will develop machine learning methods to enhance the spatial resolution of imaging-based transcriptomics by leveraging protein immunofluorescence markers as ground truth for subcellular compartments. By training models to deconvolve transcript signals using co-registered protein landmarks, we aim to achieve more accurate subcellular localisation of mRNAs.
_________________________________________________________________________
Project title: Machine learning-enhanced protein detection for improved spatial multiomics integration
Supervisory team:  QMUL supervisors to be confirmed, Mathieu Bourdenx (UCL)
Project Summary: This project will develop deep learning approaches to enhance image quality in multiplexed spatial omics datasets, addressing noise, aberrations, and signal degradation that limit downstream multiomics integration. Improved image reconstruction will enable more accurate protein quantification, facilitating robust cross-modality analyses in complex tissue architectures, such as the brain or skeletal muscle.
_________________________________________________________________________
CASE Project with AstraZeneca
Project title: Conditional Representation Learning for Integrative Analysis of human lung
Supervisory team: Venet Osmani, Vito Mennella and Yinhai Wang (AstraZeneca)
Project summary: Advanced machine-learning methods will be developed to analyse data spanning normal tissue and a spectrum of structural and molecular alterations, integrating immunohistochemistry and spatial transcriptomics from preserved human lung explants. The core aim is to learn stage-conditioned latent representations that capture spatial reorganisation of cellular states and tissue microenvironments, enabling robust segmentation, cross-modal registration, to reveal molecular and cellular processes underlying tissue structural change.
_________________________________________________________________________
CASE Project with AstraZeneca
Project title: Spatial Atlas of Lung Tissue Fronts: Deep Learning–Enabled Segmentation and Microenvironmental Gradient Analysis
Supervisory team: Greg Slabaugh, Dianne Cooper and Yinhai Wang (AZ)
Project summary: The project will develop advanced deep learning methods for segmenting and analysing spatially resolved lung tissue from structurally heterogeneous human samples. The core aim is to design state-space–based segmentation models that enable robust identification of boundaries and continuous microenvironmental gradients. By modellilng the “leading edge” of tissue remodelling, we will construct a spatial framework that provides mechanistic insight into region-specific processes within complex lung architecture.
_________________________________________________________________________
CASE Project with AstraZeneca
Project title: Multi-model integration of spatial and network models of human aging
Supervisory team: James Timmons, Graeme Davies (AZ) and Qianni Zhang
Project Summary: Multiple types of data can be integrated to build more accurate models of human biology. This project builds on novel human network representations of >1,500 bulk transcriptomics profiles and paired 960-gene true single-cell Merscope profiles. Development of multimodal representation learning and spatial modelling using AI, will allow us to combine high-performing image-based data analysis and network model to enable prediction of in vivo age phenotypes.
_________________________________________________________________________
