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Sumru Bayin
nsb44@cam.ac.uk

www.bayinlab.com

There is an unmet need for repair following injury in humans, particularly in the brain where
endogenous stem cell activity is minimal. An understanding of neural progenitor diversity and
flexibility in their fate choices is crucial for understanding how complex organs like the brain
are generated or undergo repair. The neonatal mouse cerebellum is a powerful model system
to uncover regenerative responses due to its high regenerative potential.

We have previously shown that the cerebellum can recover from the loss of at least two types
of neurons via distinct regenerative mechanisms (PMIDs: 28805814, 30091706, 34878841). In
one case, a subpopulation of the nestin-expressing progenitors (NEPs) that normally generate
astroglia undergoes adaptive reprogramming and replenishes the lost neurons. However, the
molecular and cellular mechanisms that regulate neonatal cerebellar development and
adaptive reprogramming of NEPs upon injury are unknown. Interestingly, the regenerative
potential of the cerebellum decreases once development ends, despite the presence of NEP-
like cells in the adult cerebellum that respond to cerebellar injury by increasing their
numbers. However, neuron production is blocked. Our lab is interested in answering two
overarching questions:

1) What are the cellular and molecular mechanisms that enable regeneration in
neonates and inhibit it in the adult?

2) Can we facilitate regeneration in the brain?

This project involves interdisciplinary approaches ranging from in vivo mouse genetics,
organoid models and stem cell assays, and single cell and other genomics technologies. The
student will benefit from our multidisciplinary approach and participate in our collaborative
work locally and internationally.

PDN Research Hub: Cell and Developmental Biology; Neuroscience

Postgraduate School of Life Sciences Themes: Molecules and Cells;Neuroscience,
Psychology and Behaviour;Reproduction, Development and Lifelong Health (including
Physiology)




David Belin
bdb26@cam.ac.uk
https://www.bio.cam.ac.uk/people/david-belin

Our research is interested in the neural, cellular and molecular substrates of the individual
vulnerability to develop impulsive / compulsive disorders such as drug addiction, Obsessive /
compulsive disorders, Tourette’s syndrome, pathological gambling or dopamine
dysregulation syndrome in Parkinson’s Disease.

Our working hypothesis is that impulses, originating from the amygdalo-insular networks, can
drive behaviour through explicit knowledge involving prefrontal and orbitofrontal loops or
implicit mechanisms that instead depend upon the functional relationships of these
structures with several domains of the striatum.

We suggest that the individual vulnerability to develop impulsive / compulsive
neuropsychiatric disorders stems from aberrant plasticity processes within the corticostriatal
networks governing the translation of impulses into actions that ultimately result in a so-
called abnormal incentive habit process.

Our research is designed according to a vertical, top-down strategy with direct translational
perspectives, that combines the development of refined preclinical models of impulsive and
compulsive behaviours, causal manipulations of the brain with either pharmacological tools
or optogenetics, correlational analyses of the brain using state of the art molecular biology
techniques.

Our program of research is subdivided into several converging lines of research that PhD
students are welcome to join:

1. The role of the insular cortex, and its interactions with the BLA and the striatum, in
drug addiction and OCD within a general framework of impaired insight in compulsive
disorders

2. The functional interactions between the amygdala nuclei and the different domains of
the striatum subserving the establishment of aberrant incentive habits and subsequent
compulsion

3. The cellular and molecular substrates of intrastriatal shifts subserving maladaptive
incentive habits, including the role of purinergic mechanisms and astocytic syncytia

4, The influence role of of subcortical noradrenergic mechanisms in adaptive and
maladaptive coping

PDN Research Hub: Neuroscience

Postgraduate School of Life Sciences Themes: Neuroscience, Psychology and Behaviour




Riccardo Beltramo
rb973@cam.ac.uk
https://www.beltramolab.org/

Our lab uses the visual and spatial navigation systems as models, combining
electrophysiology, 2-photon imaging, large-scale recordings, and opto/chemogenetics in
behaving mice. We are particularly interested in how visual inputs are transformed into
spatial maps in the hippocampal formation, and how emotional states influence sensory
representations and behavioural responses.

Project title: Neural pathways for vision-based spatial navigation

A critical requirement for survival is the ability to navigate in the environment. This skill is
believed to rely on internal spatial representations of the surroundings, such as the “spatial
maps” found in the hippocampus and parahippocampal cortex.

Sensory inputs are fundamental for shaping these internal spatial representations. In
particular, visual cues are considered essential factors that guide navigation. However, how
visual input is converted into spatial maps is still poorly understood.

Mammals have two coexisting brain structures that process visual information: the ancient
“superior colliculus” and the phylogenetically newer “visual cortex”. This Ph.D. project aims
to determine the roles played by these parallel visual systems in spatial navigation.

We have recently discovered that the superior colliculus has a dedicated space in the visual
cortex: the postrhinal area (POR) (1,2). POR, whose responses rely on collicular activity and
are critically involved in spatial navigation (3), sits at the interface between the cortical and
collicular visual streams and the hippocampal formation.

Combining electrophysiological, opto/chemogenetic approaches, and eye-tracking in freely
moving animals (4), we will study the interactions between ancient and modern visual
pathways in sensory processing and spatial navigation.

1) Beltramo R. & Scanziani M., Science, 2019
2) Beltramo R., Science, 2020
3) Brenner J*, Beltramo R et al., Neuron, 2023

4) Kim J., Beltramo R., Poort J., Current Biology, 2026

Note: Also offering this PhD project via the Cambridge Bioscience DTP PhD Programme:
Neural pathways for vision-based spatial navigation

The Cambridge Bioscience DTP PhD Programme has a separate application process - see:
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply


https://bbsrcdtp.lifesci.cam.ac.uk/our-programme
https://bbsrcdtp.lifesci.cam.ac.uk/project-reference-trg27-pdn-rb1
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply

PDN Research Hub: Neuroscience

Postgraduate School of Life Sciences Themes: Neuroscience, Psychology and Behaviour



Livia de Hoz
[d749@cam.ac.uk

www.dehozlab.org

Sounds from sources all around us constantly reach the ears. The brain makes sense of this
sensory input through a combination of processes. Some processes act on the sensory input
itself (bottom up), such as denoising, background suppression, sound localization. Others
that make use of expectations and memory (top down), such as pattern detection, filling in
sound gaps through predictions, stream segregation, or different aspects of denoising and
background suppression. The combined and separate contribution of sensory subcortical
structures and primary cortices is not well understood.

We study, in rodents, how subcortical structures represent this incoming input and select
what information to communicate to the cortex and, vice versa, how the cortex projects onto
subcortical structures those expectations that might be appropriate in the current context.
We are interested in how these processes work in healthy adults, in the developing brain, but
also in neurodiverse brains. We use a combination of naturalistic behaviours, state-of-the-art
electrophysiology, and genetic manipulations in adult and developing mice. Behaviours can
either be volitional group behaviours or reinforced behaviours. To sample brain activity from
one or several structures, we use Neuropixels probes in combination with optogenetics.
Computational analysis of this rich and comprehensive dataset comprising the activity of
neurons across several structures in awake behaving animals, as well as a facial and body
movement follows. Ultimately we are interested in understanding how the brain decodes the
structures in the soundscape and makes sense of it, through processes that use minimum
energy but convey sufficient precision. We have recently began to parallel behavioural tests in
human and rodents.

Note: Also offering a PhD project via the Cambridge Bioscience DTP PhD Programme:

Cortico-subcortical interactions in auditory statistical learning

The Cambridge Bioscience DTP PhD Programme has a separate application process - see:
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply

PDN Research Hub: Neuroscience

Postgraduate School of Life Sciences Themes: Neuroscience, Psychology and Behaviour



https://bbsrcdtp.lifesci.cam.ac.uk/our-programme
https://bbsrcdtp.lifesci.cam.ac.uk/project-reference-trg27-pdn-ld1
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply

Angeleen Fleming
af425@cam.ac.uk

https://www.pdn.cam.ac.uk/directory/angeleen-fleming

Offering a PhD project via the Cambridge Bioscience DTP PhD Programme:
How does unconventional protein secretion contribute to ageing in the CNS?

The Cambridge Bioscience DTP PhD Programme has a separate application process - see:
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply

PDN Research Hub: Cell and Developmental Biology

Postgraduate School of Life Sciences Themes: Neuroscience, Psychology and Behaviour



https://bbsrcdtp.lifesci.cam.ac.uk/our-programme
https://bbsrcdtp.lifesci.cam.ac.uk/project-reference-trg27-pdn-af1
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply

Elisa Galliano
egb42@cam.ac.uk

https://gallianolab.org/

Neuroscience - olfaction - neuronal plasticity - dopamine

Sensory experience continuously shapes the structure and function of neural circuits through
multiple forms of plasticity. Understanding the balance between adaptive plasticity, which
maintains circuit stability, and associative plasticity, which enables learning, remains a
central question in neuroscience. Working together with the supervisor, the student will
develop and lead an original research programme investigating how sensory experience
shapes olfactory circuits. Using olfactory deprivation and enrichment paradigms, the student
will study experience-dependent plasticity in the olfactory bulb and related cortical areas,
with a particular focus on dopaminergic interneurons and principal neurons of the olfactory
pathway. The key technique will be whole-cell patch-clamp electrophysiology in acute mouse
brain slices, complemented by immunohistochemistry, confocal microscopy, and
behavioural approaches to link cellular and synaptic mechanisms with olfactory circuit
function and behaviour.

PDN Research Hub: Neuroscience

Postgraduate School of Life Sciences Themes: Neuroscience, Psychology and Behaviour




Geula Hanin
ghl35@cam.ac.uk

https://haninlab.wixsite.com/hanin-lab

Breastfeeding is a vital biological process for supporting infant growth, development, and
lifelong health. Milk provides essential nutrients and bioactive molecules that shape
metabolism, immune function and disease risk. Despite its importance, the biological
mechanisms that regulate mammary gland development, milk production and milk
composition remain poorly understood.

Our research focuses on pregnancy and lactation biology, with a particular interestin
imprinted genes - key regulators of growth and nutrient allocation between mother and
offspring. We investigate how these genes coordinate maternal nutrient provisioning,
mammary gland development and function, and shape milk composition, aiming to uncover
mechanisms linking maternal biology to offspring growth, development, and long-term
health.

A major theme of the lab is maternal interorgan communication. Pregnancy and lactation
require extensive physiological remodelling across multiple tissues. We study how these
organs communicate to coordinate metabolism, nutrient partitioning and milk production.
Understanding these signals is critical for revealing how mothers successfully support the
demands of reproduction and how disruptions in these processes may contribute to disease
risk in both mothers and offspring.

Students joining the lab will work at the interface of developmental biology, genetics,
metabolism, nutrition, and physiology. Using state-of-the-art mouse models and systems-
level approaches, they will investigate mammary gland development and function, milk
composition, maternal adaptation and developmental programming. Training includes
mammary gland biology, developmental genetics, histology, advanced microscopy, flow
cytometry, transcriptomics, molecular biology, protein analysis, metabolomics, milk
composition analysis, and bioinformatics. Students will gain a broad and highly transferable
skill set while addressing fundamental questions in maternal and child health.

PDN Research Hub: Physiology and Reproduction

Postgraduate School of Life Sciences Themes: Reproduction, Development and Lifelong
Health (including Physiology);Women’s Health;Molecules and Cells;Metabolic Medicine and
Endocrinology;




Geula Hanin
ghl35@cam.ac.uk
https://haninlab.wixsite.com/hanin-lab

Deciphering the Molecular Mechanisms Linking Mammary Gland Development Lactation and
Maternal-Offspring Health

Breastfeeding is a remarkable biological process that shapes the lifelong health of both
mothers and their offspring. Beyond providing nutrition, breastmilk contains a rich mixture of
bioactive molecules that regulate infant growth, metabolism and immune development,
while successful lactation protects mothers against diseases including breast cancer and
type 2 diabetes. Despite its importance, the molecular mechanisms governing mammary
gland development, milk production and maternal adaptation remain poorly understood.

Our lab investigates how the mother's body coordinates successful lactation. We combine
developmental biology, genetics, physiology and systems biology to uncover the molecular
mechanisms regulating mammary gland development, milk production and milk
composition. A major focus is on genomic imprinting and maternal inter-organ
communication, understanding how signals between the placenta, mammary gland and
other maternal organs coordinate metabolism, nutrient allocation and reproduction to shape
maternal and offspring health across the lifespan.

Students will work at the interface of developmental biology, reproduction, metabolism and
nutrition using state-of-the-art mouse models and multi-omics approaches. Projects
combine developmental genetics, mammary gland biology, advanced microscopy, flow
cytometry, transcriptomics, proteomics, lipidomics, metabolomics and bioinformatics. You
will develop a broad, highly transferable skill set while addressing fundamental questions in
maternal biology and the developmental origins of health and disease.

Note: Also offering a PhD project via the Cambridge Bioscience DTP PhD Programme:
An imprinted regulator of lactation: Investigating Mest in mammary gland development and function

The Cambridge Bioscience DTP PhD Programme has a separate application process - see:
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply

PDN Research Hub: Physiology and Reproduction
Postgraduate School of Life Sciences Themes: Reproduction, Development and Lifelong
Health (including Physiology);Women’s Health;Molecules and Cells



https://bbsrcdtp.lifesci.cam.ac.uk/our-programme
https://bbsrcdtp.lifesci.cam.ac.uk/project-reference-trg27-pdn-gh1
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply

Dino Giussani
dag26@cam.ac.uk

https://www.pdn.cam.ac.uk/directory/dino-giussani

Offering a PhD project via the Cambridge Bioscience DTP PhD Programme:

Early Origins of Heart Disease in an Embryonic Model of Obstructive Sleep Apnoea During
Development

The Cambridge Bioscience DTP PhD Programme has a separate application process - see:
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply

PDN Research Hub: Physiology & Reproduction

Postgraduate School of Life Sciences Themes: Cardiovascular Science and Medicine;
Reproduction, Development and Lifelong Health (including Physiology); Women’s Health



https://www.pdn.cam.ac.uk/directory/dino-giussani
https://bbsrcdtp.lifesci.cam.ac.uk/our-programme
https://bbsrcdtp.lifesci.cam.ac.uk/project-reference-TRG27-PDN-DG1
https://bbsrcdtp.lifesci.cam.ac.uk/project-reference-TRG27-PDN-DG1
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply

Sepiedeh Keshavarzi
sk2244@cam.ac.uk
https://www.keshavarzilab.com/

Spatial navigation fundamentally relies on sensing one's orientation relative to the
environment and goal locations. Although neurons encoding head direction and angular head
velocity are thought to form the brain's internal compass, their precise role in navigation and
the neural circuits through which they influence spatial behaviour remain poorly understood.
These gaps largely stem from the lack of behavioural paradigms that probe the sense of
direction while systematically controlling environmental cues.

This project addresses these challenges using a novel spatial orientation task for mice, in
which successful performance depends on tracking heading either with or without reference
to the external environment. This design dissociates internal and external reference frames,
enabling us to investigate distinct navigational strategies. By recording from large neuronal
populations across key nodes of the head direction network — including the anterior
thalamus, retrosplenial cortex, and postsubiculum —we aim to determine how the brain's
internal compass supports spatial orientation under these strategies. In parallel, we will
investigate the contribution of neural circuits connecting these regions to navigation using
circuit-specific manipulations during behaviour. The experimental work will be integrated with
computational approaches to uncover how neural circuits combine sensory information to
generate a coherent sense of direction.

Prospective PhD students will gain hands-on experience with cutting-edge neuroscience
techniques, including behavioural training, large-scale electrophysiological recordings using
Neuropixels probes, targeted circuit manipulations with chemogenetic and optogenetic
tools, and computational analysis of behavioural and neuronal population data. Through this
interdisciplinary training, they will address fundamental questions about the neural basis of
spatial cognition and navigation.

Note: Also offering a PhD project via the Cambridge Bioscience DTP PhD Programme:
Neural Circuit Mechanisms Underlying the Brain's Internal Compass

The Cambridge Bioscience DTP PhD Programme has a separate application process - see:
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply

PDN Research Hub: Neuroscience
Postgraduate School of Life Sciences Themes: Neuroscience, Psychology and Behaviour



https://bbsrcdtp.lifesci.cam.ac.uk/our-programme
https://bbsrcdtp.lifesci.cam.ac.uk/project-reference-trg27-pdn-sk1
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply

Kathy Niakan
kkn21@cam.ac.uk

https://niakanlab.com

Understanding the molecular mechanisms that regulate early human development
Project background and description

Our laboratory seeks to determine the molecular mechanisms, timing, and cellular
processes involved in human embryonic cell fate specification, implantation, and
morphogenesis. Our research program has wide-reaching clinical implications for
understanding pregnancy complications, miscarriages, infertility, and developmental
disorders. Understanding these processes in human development is also essential to
optimize stem cell line generation for regenerative medicine. Functional understanding of
human development beyond implantation is foundational knowledge to optimise generation
of organoids and human stem cell-based embryo models.

While our laboratory has identified molecular mechanisms regulating initiation of placental
progenitor cell differentiation and divergence of the epiblast from yolk sac progenitor cells in
human embryos, the mechanisms regulating the establishment and maturation of human
embryonic and extraembryonic cells remain largely unknown. The PhD project will use
cutting-edge genetic modification and multi-modal -omics and high-resolution imaging
analysis to investigate when and how cells of the human embryo become specialized to form
the pluripotent epiblast that eventually gives rise to the body or extraembryonic yolk sac or
placental progenitor cells.

Research techniques used in the laboratory include: advanced live embryo imaging,
preimplantation embryo culture and micromanipulation (human, mouse and cow)
proteomics, genome modification (CRISPR base editing), TRIM-Away, genome-wide
techniques (i.e. single-cell multi-omics), embryonic and induced pluripotent stem cell
derivation.

PDN Research Hub: Physiology and Reproduction; Cell and Developmental Biology

Postgraduate School of Life Sciences Themes: Reproduction, Development and Lifelong
Health (including Physiology)




Kathy Niakan
kkn21@cam.ac.uk

https://niakanlab.com

Lineage tracing in human embryos is limited by the lack of indelible markers that permit long-
term visualisation of all cells, precluding application to later stages of development. We have
recently developed methods to image human embryo development up to 6 days to determine
the timing of the first and second cell fate decisions.

Our future goal, and the aim of the PhD project, is to extend these studies to investigate
timing of the subsequent cell fate specification events, up to 14 dpf, with a specific focus on
implantation. At implantation, placental progenitor cells are thought to attach and migrate
into endometrial epithelial cells. The key objective is to visualise and quantitatively analyse
the dynamics of placental cell migration, differentiation and endometrial remodelling. A
significant challenge will be to segment and track cells in complex, growing multicellular
structures. The student will collaborate with experts in advanced image analysis to extend
segmentation, cell lineage and migration analysis by further developing deep learning and
convolutional neural network analysis, establishing a generalisable toolkit for developmental
biology and stem cell models.

We are working with leading groups in endometrial modelling and have contributed to
pioneering extended culture studies. We have further improved on these models by
establishing a highly robust multicellular culture that sustains embryonic development. In
collaboration with Serena Best and Ruth Cameron (Material Sciences), we will further
improve on the endometrial model for live imaging by applying principles of material sciences
to generate physiologically informed scaffolds. The ultimate goal is to decipher placental
migration and coordinated remodelling of the embryo-endometrium interface.

PDN Research Hub: Cell and Developmental Biology

Postgraduate School of Life Sciences Themes: Reproduction, Development and Lifelong
Health (including Physiology)




Caren Norden
cn288@cam.ac.uk
https://www.gurdon.cam.ac.uk/people/caren-norden/

The Norden Lab bridges cells and developmental biology and crosses disciplines between
biology, theory and computer science.

Our goal is to understand organ formation across scales, from intracellular molecular
mechanisms to cell tissue interplay and the signalling and mechanical pathways that drive it,
to overall tissue morphogenesis. This will allow us to dissect how robust organogenesis is
achieved with precision in every embryo.

Particularly, we focus on vertebrate eye formation as vision is one of the most critical senses
and its loss or impairment has immediate and profound consequences for many species
including humans. Our main model system is the zebrafish embryo as its fast development
and allow us to follow events live and in vivo. More recently we introduced human retinal
organoids as a comparative model system.

Projects in the lab aim to answer the following questions:
- How does optic cup shape emerge from coordinated epithelial rearrangements?

- How do nuclear arrangements and movements ensure tissue integrity of the
neuroepithelium and what cellular and tissue wide mechanisms drive the switch from
proliferation to neuronal differentiation

- How do progenitors make lineage decisions and how is robust and reproducible
neurogenesis achieved?

- How is retinal patterning achieved through neuronal migration and lamination?

- How does bilateral symmetry of the two eyes arise and how is it maintained across
development?

To answer these questions we perform, quantitative imaging, image analysis, and study
mechanobiology aspects. Most projects involve collaborations with theorists and/or
computational biologists to move beyond description to generalise findings and build
quantitative understanding of organ formation.

Note: Also offering a PhD project via the Cambridge Bioscience DTP PhD Programme:

Investigating how cell and tissue shape affect nuclear arrangements and positioning in
pseudostratified epithelia

The Cambridge Bioscience DTP PhD Programme has a separate application process - see:
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply


https://bbsrcdtp.lifesci.cam.ac.uk/our-programme
https://bbsrcdtp.lifesci.cam.ac.uk/project-reference-trg27-pdn-cn1
https://bbsrcdtp.lifesci.cam.ac.uk/project-reference-trg27-pdn-cn1
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply

PDN Research Hub: Cell and Developmental Biology

Postgraduate School of Life Sciences Themes: Molecules and Cells; Reproduction,
Development and Lifelong Health




E wa Paluch
ekp25@cam.ac.uk
https://paluchlab.uk

Our lab investigates how cells control their shapes. Animal cells display a striking variety of
shapes. These shapes are fundamental to specific cell functions, and shape defects are
often a signature of disease. Yet, how cell shape is regulated remains a poorly understood
qguestion. This is, to a great extent, because cell shape is the result of mechanical forces,
understanding cell shape regulation thus required cross-disciplinary approaches combining
biology with physics, modelling and engineering. The Paluch lab brings together specialists in
these various disciplines, working together to investigate cell and tissue morphogenesis.

Examples of research questions for potential PhD students:

1/ Understanding the molecular mechanisms controlling the mechanical properties of the
cell surface, which, in turn, control cell shape.

2/ Investigating robustness and plasticity of epithelial cell shapes and tissue architecture.

3/ Investigating cell mechanics and shape during cancer progression in pancreatic cancer
cells (collaboration with Laura Machesky, Department of Biochemistry).

4/ Investigating the coupling between cell shape and cell fate during shape changes
associated with differentiation in stem cells.

Key techniques and approaches: molecular and cell biology, advanced imaging (including
super-resolution and electron microscopy) and image analysis, biomechanics techniques
(laser ablation, atomic force microscopy, traction force microscopy), microfabrication,
physical modelling and quantitative mapping of cell shapes and states.

We are interested in applicants with backgrounds in biology, physics, bioengineering, or any
other relevant field, with an interest (but not necessarily prior experience) in cross-
disciplinary research.

Note: Also offering a PhD project via the Cambridge Bioscience DTP PhD Programme:
Robustness and Plasticity of Epithelial Cell Shapes

The Cambridge Bioscience DTP PhD Programme has a separate application process - see:
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply

PDN Research Hub: Cell and Developmental Biology

Postgraduate School of Life Sciences Themes: Molecules and Cells;Cancer;Reproduction,
Development and Lifelong Health (including Physiology);



https://bbsrcdtp.lifesci.cam.ac.uk/our-programme
https://bbsrcdtp.lifesci.cam.ac.uk/project-reference-TRG27-PDN-EP1
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply

Jasper Poort

jp816@cam.ac.uk

https://www.pdn.cam.ac.uk/svl

PhD Project 1: Cortical Mechanisms of Reward-guided Visual Decision-Making

Decision-making requires learning which sensory features are associated with rewarding
outcomes. The mechanisms by which rewards modify early and higher-level sensory circuits
are not well understood. This project investigates the role of different neuronal cell types in
primary visual cortex (V1) and posterior parietal association cortex (PPC), and neuronal
projections from brain regions encoding information about rewards, including dopaminergic
and cholinergic projections.

We train mice, including pharmacological and genetic mouse models of neurodevelopmental
disorders, to perform reward-guided visual decision-making tasks. We measure activity in V1
and PPC, using 2-photon imaging and electrophysiology, use optogenetics to activate or
inactivate specific cell types and neuronal projections, and use computational modelling to
build circuit models of visual decision-making.

This multidisciplinary project involves collaboration across three labs. The Poort lab studies
neuronal activity and optogenetic perturbations in V1 and PPC during visual decision-making,
the Paulsen lab investigates the role of dopaminergic and cholinergic projections using
optogenetics, and the Lengyel lab develops computational models to understand these
processes.

References:

1) Poort, Wilmes, Chadwick, Blot, Sahani, Clopath, Mrsic-Flogel, Hofer, Khan (2022). Learning
and attention increase neuronal response selectivity in mouse primary visual cortex
through distinct mechanisms. Neuron, https://doi.org/10.1016/j.neuron.2021.11.016

2) Kukovska, Wilmes, Homma, Clopath, Poort (2025) Context-dependent activation of V1
parvalbumin interneurons enhances visual discrimination. PLOS Biology
https://doi.org/10.1371/journal.pbio.3003518

3) McClure, Varadi, Poort (2026) Distinct response selectivity changes in primary visual and
parietal cortex during visual discrimination learning, J. Neurosci
https://doi.org/10.1523/JNEUROSCI.2051-25.2026

Please see our lab website for more information and background references and contact
Jasper Poort (jp816@cam.ac.uk) for informal enquiries.

Note: Also offering this PhD project via the Cambridge Bioscience DTP PhD Programme:

Cortical Mechanisms of Reward-guided Visual Learning and Decision-Making

The Cambridge Bioscience DTP PhD Programme has a separate application process - see:
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply


https://bbsrcdtp.lifesci.cam.ac.uk/our-programme
https://bbsrcdtp.lifesci.cam.ac.uk/project-reference-trg27-pdn-jp1
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply

PDN Research Hub: Neuroscience

Postgraduate School of Life Sciences Themes: Neuroscience, Psychology and Behaviour




Jasper Poort
jp816@cam.ac.uk

https://www.pdn.cam.ac.uk/svl

PhD Project 2: Visual learning, decision-making and action in freely moving mice

During natural behaviour, animals use eye, head and body movement to actively select
relevant visual information for decision-making and guide their actions. However, the neural
basis of visual decision-making in freely moving animals remains unclear, due to challenges
in controlling visual input and monitoring eye, head and body position. We recently developed
methods to enable tracking of eye and head movement, electrophysiological measurement
and optogenetic manipulation of neural activity, and closed-loop visual presentation during
visual detection and approach behaviour in freely moving mice (Kim et al., 2026, Current
Biology).

The aim of this project is to apply these new tools to probe the contribution of excitatory and
inhibitory neurons in visual brain regions (the primary visual cortex, superior colliculus and
parietal cortex) while animals, including pharmacological and genetic mouse models of
neurodevelopmental disorders, learn new visual decision-making tasks and visually-guided
actions. We will use deep learning methods to track behaviour and advanced computational
methods to characterize learning, decision-making, motor behaviour, and activity patterns in
neuronal populations.

References:

1) Kim, Beltramo, Poort (2026) Contributions of superior colliculus and primary visual cortex
to visual spatial detection in freely moving mice, Current Biology
https://doi.org/10.1016/j.cub.2026.01.077

2) Gonzalez-Rueda, Jensen, Noormandipour, de Malmazet, Wilson, Ciabatti, Kim, Williams,
Poort, Hennequin, Tripodi (2024) Kinetic features dictate sensorimotor alignment in
the superior colliculus, Nature https://doi.org/10.1038/s41586-024-07619-2

Please see our lab website for more information and background references and contact
Jasper Poort (jp816@cam.ac.uk) for informal enquiries.

PDN Research Hub: Neuroscience

Postgraduate School of Life Sciences Themes: Neuroscience, Psychology and Behaviour




Eleanor Raffan

er311@cam.ac.uk

https://www.pdn.cam.ac.uk/people/eleanor-raffan

Obesity genetics: lessons on human metabolism from veterinary models

Why are some people prone to obesity and yet others stay lean even when they live in a
similarly 'obesogenic' environment? Obesity is highly heritable as are related metabolic traits
and appetite. We study obesity genetics in the round, starting with statistical genomics in
animal models and following up novel genes with molecular and physiology experiments to
provide mechanistic insight. There is scope to design a PhD project to suit your interests —
read on to find out more.

We take an innovative approach to gene discovery, deploying state of the art genomic
mapping techniques in veterinary species — dogs, horses and farm animals are excellent
models because selective breeding means they show exaggerated phenotypes and their
genomes are tractable for gene mapping. This is complemented by comparative genomics in
human populations (biobank scale & patient cohorts).

The focus is on finding novel genes of relevance to both humans and animals. We follow
genetic leads to discover new functional mechanisms, following the science to study diverse
areas including CNS function, adipocyte biology, animal behaviour, physiology and gene-
environment interaction. Take a look at our past publications to see how successful our
integrated approach can be.

A PhD project in our welcoming and diverse lab will be designed to suit each student and
maximise their skill development. You might work entirely computationally or only at the
bench, but most students do some of both, setting themselves up as well-rounded scientists
with strong technical capabilities and knowledge of metabolic disease biology.

Both computational and ‘bench’ scientists are welcome to apply — we have a strong track
record of training students in new domains.

Potential students are encouraged to get in touch, explaining what interests you about our
work, what kind of project you might be interested in and what makes you a strong candidate.

Note: Also offering this PhD project via the Cambridge Bioscience DTP PhD Programme:
Obesity genetics: lessons on human metabolism from veterinary models

The Cambridge Bioscience DTP PhD Programme has a separate application process - see:
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply

PDN Research Hub: Physiology and Reproduction

Postgraduate School of Life Sciences Themes: Epidemiology & Public Health; Functional &
Evolutionary Genomics; Metabolic Medicine & Endocrinology; Neuroscience, Psychology &
Behaviour; Reproduction, Development & Lifelong Health (including Physiology)
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Emma Rawlins
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Human fetal development takes place in low oxygen conditions, with physiological levels of
hypoxia necessary for correct cellular behaviour. The effects of hypoxia are mediated by the
activity of hypoxia-inducible factors (HIFs) which are protected from degradation under low
oxygen conditions, then act as transcription factors and regulate the expression of many
important target genes.

In the fetal lung, the airways arise through branching morphogenesis, with the vasculature
developing simultaneously in close association. This lays the foundation for the alveolar
blood-gas interface in the distal lung. The alveolar type 1 (AT1) and type 2 (AT2 cells) are
specified from a bipotent progenitor at the distal epithelial tips, and are in close
communication with the endothelium (Rawlins et al. 2009; He et al. 2022).

HIF1a and HIF2a mutations in mice impair alveolar differentiation in the fetus, particularly of
the AT1 cells. Our lab has previously investigated the effects of physiological hypoxia on early
human lung development using our established organoid models (Nikoli¢ et al. 2017; Lim et
al. 2025; Dong et al. 2025). This project aims to characterise how hypoxia influences alveolar
cell behaviour and differentiation during human development. We have recently optimised an
in vitro cell culture system called ‘aggregates’, which enables the co-culture of epithelial,
endothelial and mesenchymal cells derived from human fetal lung samples.

We will therefore investigate how oxygen levels influence human fetal lung maturation, using
a combination of organoid and aggregate cultures and our established genetic tools to allow
cellular level resolution. This will contribute to the larger question of the developmental
physiological mechanisms which prepare the developing fetus for birth and are interrupted in
premature neonates.
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Katja Roper
kr250@cam.ac.uk
https://www.pdn.cam.ac.uk/staff/roper

During embryogenesis, organs form by the transformation of simple epithelial layers of cells
into complex 3D structures. This remarkable feat is accomplished through the collective and
controlled changes in the shapes and arrangements of a large number of cells. The central
aim of my group is to understand how genetic programmes drive morphologic changes in
individual cells, and how those shape changes are coordinated through cell-cell interactions
across an entire epithelium to sculpt a nascent tissue. Because organ shape is critical for
organ function, defects in morphogenesis lead to severe diseases including spina bifida or
polycystic kidney disease.

This project utilises human renal organoids:
Title: Injury and repair in human nephrogenesis in an organoid model

The tube of the human nephron, the filtration unit of the adult kidney, forms during
development though a mesenchymal-to-epithelial transition (MET) leading to the starting
point of the epithelial tube. We uncovered that PAX8 is both necessary and sufficientin
human renal organoids derived from iPSCs to drive the MET (Ng-Blichfeldt et al., 2024), and
we have recently identified the regulome downstream of PAX8 during this MET.

Building on these initial data, we now want to explore the following:
1) The MET programme controlled by PAX8

Our multi-ome and CUT&Run analysis of MET revealed PAX8 as a key control element,
initiating a cell adhesion programme crucial for MET.

For confirmed targets, we want to use CRISPRI to assess their role in the MET and follow up
the function of any of these targets during renal MET and nephron formation.

2) PAX8 as the human switch between mesenchymal and epithelial fate

We want to ultimately exploit the fact that PAX8 appears to be both necessary and sufficient
for the MET. We want to therefore assess in detail whether ectopic expression of PAX8 elicits
the same downstream programme as the developmental activation, using sequencing and
cell biological approaches.

3) An injury model to assess commonality and divergence amongst developmental versus
repair programmes

The dual necessity and sufficiency put PAX8 into a prime position as a tool to promote renal
repair. The adult kidney lacks resident stem cells, and developmental pathways might be re-
employed for repair. To assess PAX8’s ability to stimulate renal repair we will use an
established renal injury models, based on hypoxia or cisplatin treatment, and will assess
firstly the transcriptional changes during injury and repair, in in how far repair recapitulates



developmental changes. We will then test whether targeted re-expression or elevation of
expression of PAX8 could be beneficial in aiding or accelerating the repair process.

Note: Also offering this PhD project via the Cambridge Bioscience DTP PhD Programme:

Injury and repair in human nephrogenesis in an organoid model

The Cambridge Bioscience DTP PhD Programme has a separate application process - see:
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply
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Project title: Coordination of transcriptional patterning and mechanical feedback in
morphogenesis

During development and tissue morphogenesis, the first physical changes are initiated
through a transcriptional blueprint activated in individual cells. This programme both initiates
local biochemical changes and puts machinery in place that drives cell and tissue shape
changes.

We are using the formation of the tubes of the salivary glands from a flat epithelial sheetin
the Drosophila embryo as a model process to understand the link between transcription and
tissue mechanics during tube morphogenesis. The lab has previously determined the tension
landscape of the salivary gland primordium, the so called placode, through laser ablations
and we have preliminary data demonstrating that the tension gradient observed is key to
proper tube morphogenesis.

We also know that mechanical feedback influencing cell movement occurs during salivary
gland morphogenesis. Recent work from both invertebrate and vertebrate systems strongly
suggests that tissue mechanics can also influence transcription. Such feedback could be the
basis of morphogenetic checkpoints that allow a tissue to ‘assess’ if successful physical
changes have been established.

This project will aim to assess whether perturbations of the tension gradient elicit changes to
the dynamic activity of the top two transcription factors in the salivary gland primordium, the
transcription factors Forkhead (Fkh) and Huckebein (Hkb).

The project will assess whether dynamic expansion of expression of Fkh and Hkb is affected
when the tension gradient across the primordium is flattened (active-Rho overexpression)
using endogenously-tagged transgenes as initial read-outs.

The project could also explore scRNAseq of placodal cells with altered mechanical
properties (expression of RhoV14, myosin-phosphatase, Rok-CA) to directly assess changes
to transcription.

Techniques to be used:

Drosophila genetics, husbandry, crosses/ immunofluorescence staining/ confocal
microscopy of live and fixed samples/ quantitative analyses of imaging data (cell
segmentation, tracking etc)
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How do cells in developing organs "know" how much they must grow in order to attain and
maintain species-specific body proportions? Our group uses sophisticated genetic models of
perturbed limb development to study the local and systemic mechanisms by which growth
perturbations are detected and compensated. We use genetic mouse models, physical
manipulation of chicken, and stem-cell-zoo based approaches, combined with
anatomical/histological imaging, omics and mathematical modelling, to obtain a more
holistic view of intra- and inter-organ cell communication during organ development and
regeneration. One aspect we are actively pushing since moving the lab to Cambridge is Using
inter-species chimeras to identify the determinants of limb size:

A classic approach to study limb size determination is to cross-graft limb primordia (a.k.a.
buds) between close species that differ in size. However, we and others showed that limb-
bud cells lose their fate plasticity quite early in development, so that by the time the limb is
big enough to be grafted, it might be too late for it to be reprogrammed by the signalling
environment. Therefore, the question remains as to whether the outcome of the inter-species
transplantation would be different if donor limb cells developed from the beginning within the
environment of the host. In this project, we will generate for the first time chimeric animals in
which stem cells of species that differ in size from the host are incorporated early on in the
host embryo, giving rise to the limb connective tissues (bones, tendons, dermis, etc) in the
context of the host’s signals. Detailed anatomical characterisation will assess whether
mechanical loading, hormones and other extrinsic sighals can modulate the genetically-
encoded limb size and proportions. Gene expression and chromatin accessibility will be
compared for the donor limb cells in their endogenous vs. the chimeric context, to uncover
the key molecular events underlying this modulation.

Note: Also offering this PhD project via the Cambridge Bioscience DTP PhD Programme:
Role of mechanotransduction and inter-tissue communication in the control of limb size

The Cambridge Bioscience DTP PhD Programme has a separate application process - see:
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply
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Offering a PhD project via the Cambridge Bioscience DTP PhD Programme:

Investigating neutrophil-hematopoietic stem cell communication in cancer

The Cambridge Bioscience DTP PhD Programme has a separate application process - see:
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply
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Project title: The Lasting Impact of the Placenta on Maternal Health and Ageing

Pregnancy is a major physiological challenge that has profound implications for a woman’s
health across the life course. While the essential role of placental hormones in establishing
and maintaining pregnancy is well recognised, their wider influence on maternal organ
adaptation, pregnancy complications and long-term health remains poorly understood.

This project aims to determine how placental endocrine signals regulate maternal adaptation
during pregnancy and influence metabolic health and ageing after pregnancy. Using newly
developed protein-labelling approaches and quantitative proteomics, the student will
characterise the placental secretome throughout pregnancy and identify previously
unrecognised placental hormones that may regulate maternal physiology.

To establish the functional importance of these signals, the project will use innovative gain-
and loss-of-function genetic models combined with physiological phenotyping and advanced
imaging approaches to determine how placental hormones influence maternal metabolic
organs during pregnancy and their long-term effects on health after pregnancy. The molecular
pathways involved will be investigated using state-of-the-art transcriptomic and epigenetic
analyses of maternal tissues.

The project will provide training in a broad range of cutting-edge techniques, including
guantitative proteomics, genetic models, in vivo physiology, metabolic phenotyping, imaging,
transcriptomics, epigenomics and bioinformatics. Together, these approaches will provide
integrated insights into how signals from the placenta regulate maternal biology from the
whole-organism to the molecular level.

By identifying placental signals that promote pregnancy success and protect long-term
maternal health, this research has the potential to uncover new biomarkers and therapeutic
targets for pregnancy complications and chronic disease. The findings will advance our
understanding of the placenta as a key regulator of women’s health and ageing across the life
course.

PDN Research Hub: Physiology and Reproduction
Postgraduate School of Life Sciences Themes: Reproduction, Development and Lifelong
Health (including Physiology); Women’s Health; Metabolic Medicine and Endocrinology
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Project title: Heat Stress in Pregnancy: Mechanisms Linking Climate Change to Maternal
Mental Health and Offspring Brain Development

Temperatures are rising globally as a consequence of climate change, while the prevalence of
neurodevelopmental, neurocognitive and mental health disorders continues to increase.
Pregnant women and children are particularly vulnerable to heat exposure, yet the
mechanisms linking gestational heat stress to maternal mental health and offspring brain
development remain poorly understood.

This interdisciplinary project will define how heat exposure during pregnancy programmes
maternal and offspring mental health and identify the molecular, cellular and physiological
pathways underlying these effects. Using clinically relevant mouse models of gestational
heat exposure at different stages of pregnancy, the student will investigate pregnancy
outcomes and, in dams allowed to deliver, perform comprehensive behavioural phenotyping
of both mothers and offspring using established assays of depression-, anxiety- and stress-
related behaviours.

Mechanistic studies will integrate analyses of maternal and offspring brain, placenta and
circulation to determine how heat-induced alterations in stress responses, inflammation,
neuroendocrine signalling and placental function influence neurodevelopment. The project
will combine detailed assessment of placental structure and function with molecular
profiling of brain development, recognising the placenta as the critical signalling interface
that shapes lifelong neurological health.

The student will receive training in a broad portfolio of state-of-the-art experimental and
computational approaches, including advanced physiological phenotyping, continuous body
temperature monitoring, behavioural neuroscience, multiplex protein profiling,
transcriptomics (RNA sequencing), spatial gene expression analyses, quantitative
histopathology, immunofluorescence imaging, stereology, molecular biology, and integrative
bioinformatics. Together, these complementary approaches will generate multi-scale insights
into how gestational heat stress disrupts maternal-placental-fetal communication, spanning
whole-animal physiology, tissue architecture, cellular function and molecular mechanisms.

As global temperatures and the frequency of extreme heat events continue torise,
understanding how heat exposure during pregnancy affects maternal mental health and
offspring brain development is an urgent public health priority. By integrating physiology,
neuroscience, placental biology and systems-level molecular analyses, this project will
provide fundamental new insights into the developmental origins of mental health and help
inform strategies to protect mothers and future generations from the health impacts of
climate change.



Note: Also offering this PhD project via the Cambridge Bioscience DTP PhD Programme:

Heat Stress in Pregnancy: Mechanisms Linking Climate Change to Maternal Mental Health
and Offspring Brain Development

The Cambridge Bioscience DTP PhD Programme has a separate application process - see:
https://bbsrcdtp.lifesci.cam.ac.uk/how-apply
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Keita Tamura
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cognition#toc-1

MPhil Project: Mapping long-range circuits for memory-guided cognitive decisions

Recognition of objects is a key component of our intellectual ability. Medial temporal lobe is
critically involved in the perception and memory of visual objects, but detailed circuit-based
mechanisms remain to be understood. Our group has begun to investigate the neuronal
circuit processing which supports perceptual discrimination and mnemonic identification of
visual objects by developing cutting-edge neurophysiological and behavioural approaches in
common marmoset.

Common marmoset is a rising primate species whose small but highly evolved brain is highly
suited for advanced systems neuroscience technologies such as high-density
electrophysiology as well as selective optical measurements and manipulation of heuronal
activity.

Our previous study demonstrated that optogenetic activation of a medial temporal region
causes the monkeys to judge any presented visual objects as ‘seen before, suggesting a
causal memory signal sent out from this region to decision-making areas.

In this project, the student will combine optogenetic stimulation and functional magnetic
resonance imaging to determine the activity propagation pathways conveying the memory
signal for decision-making.

The successful candidate will have a solid study background in neuroscience, engineering or
physics in addition to strong will and passion to achieve high goals.
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Fengzhu Xiong
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https://www.xionglab.org/

We are working on a variety of problems concerning the creation of form during development
(i.e. morphogenesis), from the perspective at the interface between biology and physics. We
also have an engineering and theory focus to broaden the quantitative mechanical tools
available to address the morphogenesis questions. Depending on the PhD student's
interests, a few project directions are available: 1). Measuring tissue forces and mechanical
properties in the early chicken embryonic body axis and assessing the role of molecular and
cellular dynamics in producing such forces (e.g., Chan, et al., 2023; Lu et al., 2024;
Hernandez et al., 2026); 2). Understanding the tissue mechanics that shape the embryonic
central nervous system including the brain and the spinal cord (e.g., Moon and Xiong, 2022;
MclLaren et al., 2025). 3) The role and regulation of global tension on the morphogenesis of
the early embryo (e.g., Kunz et al., 2023; Balasubramaniam et al.). We also welcome student-
initiated ideas. An existing project with good foundations in the lab will be available for the
student to gain the knowledge and training of the model system and tools in the lab (year 1-2).
Depending on the progress of this project, the student will have the opportunity to work on
riskier ideas and define a question of interest for a new project (year 2-4). More information
can be found on the lab website. Informal inquiries welcome.
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