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            Abstract
Measurements of neuronal activity across brain areas are important for understanding the neural correlates of cognitive and motor processes such as attention, decision-making and action selection. However, techniques that allow cellular resolution measurements are expensive and require a high degree of technical expertise, which limits their broad use. Wide-field imaging of genetically encoded indicators is a high-throughput, cost-effective and flexible approach to measure activity of specific cell populations with high temporal resolution and a cortex-wide field of view. Here we outline our protocol for assembling a wide-field macroscope setup, performing surgery to prepare the intact skull and imaging neural activity chronically in behaving, transgenic mice. Further, we highlight a processing pipeline that leverages novel, cloud-based methods to analyze large-scale imaging datasets. The protocol targets laboratories that are seeking to build macroscopes, optimize surgical procedures for long-term chronic imaging and/or analyze cortex-wide neuronal recordings. The entire protocol, including steps for assembly and calibration of the macroscope, surgical preparation, imaging and data analysis, requires a total of 8 h. It is designed to be accessible to laboratories with limited expertise in imaging methods or interest in high-throughput imaging during behavior.
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                    Fig. 1: Overview of the procedure described in this protocol.


Fig. 2: Acquisition in rolling shutter, dual color excitation mode and synchronization.


Fig. 3: Correction of hemodynamic artifacts with alternating violet and blue illumination.


Fig. 4: Detailed build instructions for the wide-field macroscope.


Fig. 5: Overview of the surgical procedures.


Fig. 6: Diagram of the data processing pipeline.


Fig. 7: Wide-field imaging applications.
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                Data availability

              
              The raw datasets used to generate the visual sign, stimuli triggered averages and linear regression analysis maps are available in a public repository, maintained by Cold Spring Harbor Laboratory with https://doi.org/10.14224/1.38599. Example datasets to test the analysis pipeline are at http://labshare.cshl.edu/shares/library/repository/38599/2021-01-20-Update/.

            

Code availability

              
              Source code used in this protocol is available in the online repositories without access restrictions under a general public license at https://github.com/churchlandlab. The code and NeuroCAAS platform will remain available for the foreseeable future.
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Extended data

Extended Data Fig. 1 Photobleaching due to repeated or high-power imaging.
a, Photochemical degradation of the fluorophore can occur over days because of repeated imaging. Decrease in fluorescence can be observed after 10 min when imaging at more than 50 mW of blue light (blue trace); signals are more stable at lower intensities (black, cyan traces). b, Top: images from a mouse expressing GCaMP6 in a subpopulation of cortical excitatory projection neurons. Visible decrease in overall fluorescence is evident after daily imaging at day 5 and 10. Bottom: histogram of pixel intensities corresponding to the images above.


Extended Data Fig. 2 Steps for setup calibration.
a, Alignment of the excitation dichroic. b, Alignment of the emission dichroic using Camware. c, Procedure for obtaining uniform illumination with the Camware software and the line profiler. The WidefieldImager also has a calibration mode with similar functionality and supporting cameras from multiple vendors.
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