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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No   

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes 
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

[bookmark: _Hlk204179977]Videographer: Please record the computer screen for the shots labeled as SCREEN as back-up. The screen should be in focus and the fonts should be clearly visible

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.



Current Protocol Length
Number of Steps: 25
Number of Shots: 41 (37 SC)

Interviews
NOTE: As the authors did not provide any interview answers before the shoot, we are omitting this section
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

Authors: As per our journal guidelines, we cannot include commercial names in the video, unlike in the manuscript. Please replace all the commercial terms below with generic names. If this is not possible, please consider deleting Section 2 as this section has the maximum number of names. We can add a note to refer to the text protocol for GPU computing infrastructure instead


2. Specification and Deployment of the GPU Compute Infrastructure
Demonstrator: Click here to enter name of demonstrator(s)
2.1. To begin, set up the facility infrastructure, cryo-EM equipment and data storage systems to support reliable and efficient operation [1].
2.1.1. WIDE: Talent showing the cryo-EM room. TXT: See the text protocol for the cryo-EM facility setup

2.2. Determine the computing requirements from the expected throughput. For a single microscope that generates 3,000 to 5,000 micrographs per 24-hour session, provide at least 2 compute nodes, each with 4 graphics cards [1].
2.2.1. SCREEN: The expected throughput of 3,000 - 5,000 micrographs per 24 h session being reviewed in the facility capacity plan.
Videographer: Please record the computer screen for the shots labeled as SCREEN. The screen should be in focus and the fonts should be clearly visible

Authors: Please create screen capture videos of the shots labeled as SCREEN, write a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21910333 
 
2.3. For larger facilities, or for cryo-electron tomography workflows with a high tilt-series volume, provision additional nodes [1].
2.3.1. Talent installing an additional GPU compute node into the server rack.
2.4. Specify the hardware of each compute node, including 4 CUDA (coo-da)-capable graphics cards with at least 24 gigabytes of video memory each, a processor with 32 or more cores, at least 256 gigabytes of system memory, 2 to 4 terabytes of local solid state scratch space, and a 10 or 25 gigabit per second network card [1-TXT].
2.4.1. Close-up of Talent installing an NVIDIA GPU card with 24 GB VRAM into the compute node chassis. TXT: See text protocol for the compute node hardware specification

2.5. Install the NVIDIA driver stack, the CUDA toolkit, and cuDNN (C-U-D-N-N) on each compute node [1]. Then, use a configuration management tool to standardize the software environment across all the nodes [2].
2.5.1. SCREEN: The NVIDIA driver stack, the CUDA toolkit, and cuDNN being installed on a compute node.
2.5.2. SCREEN: The configuration management tool applying the standard environment across all the nodes.

2.6. Deploy CryoSPARC (cryo-spark) in a standalone or a cluster configuration [1]. For a multi-node facility, install the master on a dedicated head node and a worker on each GPU compute node [2].
2.6.1. SCREEN: The CryoSPARC installation being run in the cluster configuration.
2.6.2. SCREEN: The CryoSPARC master being installed on the head node and a worker on a GPU compute node.

2.7. Configure the job scheduling so that multiple users can submit concurrent processing jobs [1].
2.7.1. SCREEN: The concurrent job submission limits being set in the scheduler configuration.

2.8. Install RELION alongside the primary processing platform, and configure it to use the local compute nodes through a scheduler such as SLURM (slurm) [1].
2.8.1. SCREEN: RELION being configured to submit jobs to the local compute nodes through the SLURM scheduler.

2.9. Install the accessory tools for motion correction, contrast transfer function estimation, particle picking, and heterogeneity analysis [1].
2.9.1. SCREEN: MotionCor2 (motion-core-2), CTFFIND4 (C-T-F-find-4), Gctf (G-C-T-F), TOPAZ, crYOLO (cry-yolo), and cryoDRGN (cryo-dragon) being installed on a compute node.
2.10. Finally, use a consortium deployment or container-based software management to maintain reproducible, versioned software environments [1].
2.10.1. SCREEN: The container image being pulled to provide a versioned cryo-EM software environment.
Authors: Please specify which of the 2 options described here would you prefer to show, the SBGrid (S-B-grid) consortium deployment or the container-based management with Singularity or Docker.

3. Remote Access and Data Delivery
Demonstrator: Click here to enter name of demonstrator(s)
3.1. Establish a virtual private network as the primary secure entry point for all the off-site [1] users and staff, granting access to the compute and storage network without exposing the devices to the public internet [2].
3.1.1. SCREEN: The facility-specific VPN profile being connected from an off-site machine.

3.2. Implement two-factor authentication on all the remote access points [1]. Deploy remote desktop software for graphical access to the microscope controllers and the GPU workstations [2].
3.2.1. SCREEN: The two-factor authentication prompt being completed at the remote access point.
3.2.2. SCREEN: The remote desktop session being opened onto a GPU workstation.
Authors: Please specify which of the 3 options described here would you prefer to show, TeamViewer for the microscope controller, NoMachine for the GPU workstations, or TurboVNC with VirtualGL (virtual-G-L).

3.3. Configure remote access to the microscope data acquisition software, using Leginon (ledge-ih-non) or SerialEM (serial-E-M) over the institutional VPN [1].
3.3.1. SCREEN: The data acquisition software being operated remotely over the institutional VPN.

3.4. Test the remote connectivity from representative off-site locations, such as home networks and collaborating institutions, before going live with user operations [1]. Set up a web-based monitoring dashboard so that staff and users can follow the data collection status, the preprocessing outputs, the storage utilization, and the compute queue status remotely [2].
3.4.1. SCREEN: The remote connection being tested from an off-site home network.
Authors: Step 6.5 cites Table 4 for the connectivity testing, but Table 4 is a software reference list and contains no connectivity content. Please check.
3.4.2. SCREEN: The collection status, the storage utilization, and the compute queue being reviewed on the facility monitoring dashboard.

3.5. For the CryoSPARC workflow, configure Grafana (gra-fah-na) or a custom web dashboard fed by the pipeline logs and the system monitoring tools [1].
3.5.1. SCREEN: The Grafana dashboard being fed by the pipeline logs and the node exporter metrics.

3.6. Establish a data delivery mechanism for the external users by configuring an authenticated data-transfer service on the facility storage [1]. Finally, for users without access to that service, prepare a hard drive shipping procedure with documented checksums [2].
3.6.1. SCREEN: The authenticated data-transfer endpoint being configured on the facility storage.
3.6.2. SCREEN: The checksum of the prepared USB hard drive being generated and recorded.

4. Preparation of the On-the-Fly Data Flow Path
Demonstrator: Click here to enter name of demonstrator(s)
4.1. Before each session, confirm that the camera controller writes the raw movies directly to the high-performance storage, and that the network share is mounted and accessible on all the GPU compute nodes [1]. Confirm that at least 5 terabytes of free storage remain for a 24-hour single-particle session, and that no long-running jobs will compete for the compute nodes [2].
4.1.1. SCREEN: The NFS share being confirmed as mounted on a GPU compute node.
4.1.2. SCREEN: The free storage capacity of ≥5 TB and the empty compute queue being checked before the session.

4.2. Acquire a gain reference image as specified by the detector vendor, typically a blank beam exposure on an empty area of the grid [1]. Then, place the gain reference file in the designated preprocessing input directory [2].
4.2.1. SCREEN: The gain reference image being acquired in the detector software as a blank beam exposure on an empty grid area.
4.2.2. SCREEN: The gain reference file being copied into the preprocessing input directory.

4.3. Launch the on-the-fly preprocessing pipeline once the first movies appear in the output directory, typically within the first 5 to 10 minutes of automated data collection [1].
4.3.1. SCREEN: The on-the-fly preprocessing pipeline being launched 5 - 10 min into the collection, as the first movies appear in the output directory.
Authors: The manuscript notes that the live platform keeps watching the designated directory and processes new movie files as they arrive. Please check if this is correctly described.

5. Configuration of the Live Preprocessing Session
Demonstrator: Click here to enter name of demonstrator(s)
5.1. In the web interface, navigate to a new or an existing project, and create a new live session [1].
5.1.1. SCREEN: A new live session being created within the project in the web interface.

5.2. Configure the input source by specifying the watch folder written to by the camera controller, the file pattern matching the raw movies, and the path to the gain reference file [1]. Set the motion correction parameters, including the number of frames, 5 by 5 patch-based correction, the output binning factor, and the electron dose per frame [2].
5.2.1. SCREEN: The watch folder path, the .tif, .mrc, or *.eer file pattern, and the gain reference path being entered.
5.2.2. SCREEN: The number of frames, the 5x5 patch-based motion correction, the binning factor, and the dose per frame being set.

5.3. Set the contrast transfer function estimation parameters, using a fitting range of typically 30 to 4 angstroms, a defocus search range of 0.5 to 5 micrometers, and a maximum acceptable astigmatism [1]. Configure the particle picking by selecting the picking method, and setting the expected particle diameter and the minimum and maximum particle spacing [2].
5.3.1. SCREEN: The CTF fitting range of 30 - 4 Å and the defocus search range of 0.5 - 5 µm being entered.
5.3.2. SCREEN: The picking method, the expected particle diameter, and the particle spacing being set.
Authors: Please specify which of the 3 pickers described here would you prefer to show?

5.4. Apply Fourier cropping during the particle extraction by a factor of 4, which reduces the storage requirement, the data transfer load, and the computational cost [1]. Enable the 2D classification within the live session, and set the number of classes, the batch size for the incremental updates, and the resolution limit [2-TXT].
5.4.1. SCREEN: The Fourier cropping factor of 4 being applied during the particle extraction.
5.4.2. SCREEN: The number of 2D classes, the batch size, and the resolution limit being set. TXT: 2D classes: 50 - 200; Batch: 200 - 500 particles; Limit: 6 - 8 Å

5.5. Start the live session [1]. Then, monitor the real-time dashboard for the incoming movie rate, the motion correction quality, the contrast transfer function fit quality, the particle yield, and the evolving 2D class averages [2].
5.5.1. SCREEN: The Start button being clicked to begin the live session.
5.5.2. SCREEN: The incoming movie rate, the motion quality, the CTF fit, and the 2D class averages being monitored on the live dashboard.

5.6. Finally, in the Filters panel, set the acceptance thresholds for the automated curation, defining the rejection criteria for the motion, the contrast transfer function fit quality, and the defocus range [1-TXT].
5.6.1. SCREEN: The motion, CTF fit, and defocus rejection thresholds being defined in the Filters panel. TXT: See text protocol for real-time quality control and post-collection processing


[bookmark: _Hlk203166143]Watch this video and apply the settings while capturing the screen to obtain high-quality videos: https://www.youtube.com/watch?v=Y67dM1kKcTE 


[bookmark: _Hlk215154137][bookmark: _Hlk215844323]NOTE to the Authors:

You have two options for filming and submitting the SCREEN footage:

Option 1: Uploading Separate Clips (Highly Recommended)

Please upload a separate video file for each SCREEN shot (tagged as SCREEN), naming the file according to the shot number (e.g., 2.4.3, 1.5.1, 3.2.1, 3.1.3, etc.).

- Each clip must be a maximum of 20 to 25 seconds to match the voice narration.
- If an action takes longer, provide only the best, most representative 20-25 second segment.
- Please do not provide longer clips as we won’t be able to use them.



Option 2: Uploading a Single Continuous Video

If you prefer to record all steps together and upload a single video file, that is acceptable. In this case, you must write the precise timestamp for each shot within the script.

For example, if the action described in shot 2.13.1 is present in the file xxx.mp4 and occurs between timestamps 00:30 and 00:45 , then write the following in the script after each shot description or as a comment bubble.
(write the file name and timestamp after each shot): [File name] [Start Time]-[End Time]
 

- Example 	2.13.1  SCREEN: performing ...........action. xxx.mp4 00:30-00:45
2.13.2, SCREEN: cutting the…..........action. xxx.mp4 01:10-01:20

- The duration between the start and end times for each shot must be limited to 20 to 25 seconds.

- If a shot is longer than 25 seconds, choose two short segments (one at the beginning and one at the end) that collectively do not exceed 25 seconds.
- Example: 3.1.1 SCREEN: inserting a needle... xxx.mp4 00:00-00:10 and 02:30-02:40
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