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Research overview: Our lab is interested in understanding how neuromodulation regulates 
information processing and neuroplasticity in the visual systems. We apply computational 
modelling and systems approach to reveal the biological basis of visual cortical plasticity. 

Research project:  The adult brain keeps a fine balance between reliability and flexibility, 
maintaining only a limited degree of plasticity, the ability to make long-term modification of its 
neural responses. Recently studies report the existence of various forms of visual plasticity in the 
adult human or mice brain only when visual stimulation is presented while the subject is running 
but not stationary. For example, after 5 days of exposure to visual stimulation for 1 hr/day during 
running, neurons in the mouse primary visual cortex (V1) increase their responses [1] towards 
stimulus presented during running. This adult plasticity is critical for perceptual learning and 
rehabilitation, yet its neural processing and circuit mechanism are not well understood. 

The object of this project is to understand how V1 functional reorganization is achieved through 
the interaction of different neuronal types, especially the potential role of inhibitory neurons in 
regulating plasticity in the adult brain. Local GABAergic inhibitory neurons are shown to drive 
various forms of juvenile plasticity and exhibit structural changes earlier than excitatory neurons 
[2]. We hypothesize that in the adult brain, local GABAergic inhibitory neurons might also 
exhibit plastic changes that allow the excitatory cells to be modified. We focus on Parvalbumin-
positive (PV) and Somatostatin-positive (SST) interneurons, the 2 major inhibitory sources, to 
characterize when and how their functional properties change in comparison to excitatory 
neurons. We will apply analytical approaches and computational modelling to reveal the circuit 
changes underlying the basis of functional reorganization during adult plasticity.  

Requirements: The project is a collaborative project. Data collection is done at University of 
Toronto using in vivo calcium imaging in awake head-fixed mice [3]. Student working on the 
analysis and modelling of neural data is expected to have computational skills using Python / 
MATLAB and interested in learning biological concept of neuron networks.  
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Research overview: Our lab is interested in understanding the biological basis of visual cortical 
plasticity in the adult brain, the ability to make long-term modification of its neural responses. 
To this end, we employ 2-photon imaging and systems approach to reveal the cellular and 
vascular remodeling during visual cortical plasticity. 

Research project:  After the critical period in early brain development [1], the adult cortical 
circuits gradually stabilize and only maintain a limited degree of plasticity. This adult plasticity 
is critical for perceptual learning and rehabilitation, yet its neural processing and circuit 
mechanism are not well understood.  

The goal of this project is to study how cellular and vascular remodeling happen after ischemic 
stroke. Especially, we have been collaborating with clinicians and researchers at UCSF 
Neurology Department to track the stroke-induced vascular changes in the mouse visual cortex, 
providing a biological understanding the link between impaired collateral flow in diabetes-
associated hypercoagulability and impaired neural functions. We focus on developing robust 
imaging processing toolkits to analyze 2-photon imaging data and systemically characterize the 
changes of blood cells density, aggregate movement, and structure of vasculatures after stroke. 
This research line will result in a valuable toolkit that can serve as a potential biomarker for 
disease diagnosis and rehabilitation research. In particular, it will allow us to further investigate 
how blood flow changes might contribute to the impaired visual function and assess if running 
and other treatment improve visual cortical plasticity in the adult brain, which could help with 
the rehabilitation and functional recovery in stroke patients. 

Requirements: The project is a collaborative project. Data collection is done at University of 
California San Francisco using in vivo 2-photon imaging in awake head-fixed mice [2]. Student 
working on the imaging analysis and toolkit development is expected to have substantial training 
in digital imaging processing using Python / MATLAB and interested in learning basic 
biological concept of neuroscience.  
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