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Abstract ： 
One challenge of understanding how the brain works is the complexity of neural circuits. Most 

neural circuits are composed of hundreds of thousands of neurons that are interconnected in a 

highly distributed fashion. Optical methods provide a route to record and manipulate the neural 

activity with cellular resolution over a large population. The desire to access a larger volume with 

higher spatial and temporal resolutions is a driving force in the advancement of optical microscopy.   

 

In this talk, I will discuss novel three-dimensional (3D) imaging and optical manipulation modalities 

using two-photon microscopy with beam multiplexing strategy and wavefront coding technique. By 

incorporating a spatial light modulator into the microscope, multiple layers of the mouse cortex can 

be simultaneously imaged with a single photomultiplier tube. An advanced computational source 

extraction algorithm is developed to demix the signals. A similar principle is used for optogenetics 

manipulation where a 3D holographic excitation patterns is projected on the mouse cortex for 

targeted photostimulation. This alloptical imaging and manipulation approach achieves 

simultaneous high-throughput reading and writing of cortical activity in 3D. Using these tools, I will 

present intriguing findings in mice cortex which points a promising way to reprogram the neural 

circuits.  
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