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How neural circuits assemble during development is a fundamental question in neuroscience. The detailed 

synaptic arrangement between neurons requires imaging resolution beyond light microscopy (LM). In the 

past decade, emerging technological advancements in volume electron microscopy and sample 

preparation procedures enable high-resolution imaging of large neural tissues [1]. Along with the advances 

in analysis software and computing infrastructure, the annotation and visualization of neural circuits are 

feasible. 

In this talk, I will present how we use serial block-face scanning electron microscopy (SBFSEM) [2] to 

understand neural circuit assembly in mouse retina. First, I will give a brief overview on SBFSEM 

including tissue preparation, 3D volume image acquisition and post-processing of image stacks. Then, 

detailed examples will be provided to discuss the routine analysis we perform currently, including skeleton 

tracing, 3D surface reconstruction and identification of synaptic sites. There are still many challenges 

along the entire process. The labor-intensive data analysis limits the scale at which neural connectivity 

can be elucidated. Although machine learning tools have made significant progress in automatic 

segmentation and neuron tracing, it often requires retraining for a new dataset. Moreover, the 

implementation of the algorithms is usually not easy for a non-expert. In order to overcome some of the 

challenges, we are developing and implementing a novel image analysis pipeline, which includes a range 

of deep learning tools which will perform perform faster and more reliable post-processing, automatic 

boundary segmentation and 3D neurite tracing in EM images. Most importantly, we are designing an 

integrated workflow which makes data analysis of 3D EM images more accessible and efficient. 

Furthermore, there is an increasing demand for correlative light and electron microscopy (CLEM).  I will 

discuss our efforts to align LM and EM image stacks to correlate anatomical features identified under 

fluorescence imaging with their ultrastructures. Examples using the near-infrared branding (NIRB) [3] 

method will be provided to illustrate an approach using CLEM to identify connectivity of specific cell 

types in the mouse retina. 
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