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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 
☐ Incorrect 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?
No, in this study, we introduce completely non-invasive procedure that does not involve dissecting, microinjection technique or something similar. For imaging, we use video microscope with shortwave infrared illumination.

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  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.

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 03/14/2025

When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare.


Current Protocol Length

Number of Steps:  07
Number of Shots:  19 

Introduction 

REQUIRED: What is the scope of your research? What questions are you trying to answer? 	Comment by Debopriya Sadhukhan: Authors: We can only accommodate a maximum of 5 statements here, so we have removed the rest of the answers from this section. The statements have also been edited to align with our journal style guidelines. If anything here is not correct, or if you want to change something, please let me know.
1.1. Anastasia Guryleva: This study aims to monitor zebrafish heartbeat completely noninvasively without anesthesia, visible light, or other stress factors that may influence cardiac function.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: LAB MEDIA: Figure 6.

What are the current experimental challenges?
1.2. Anastasia Guryleva: Fast and almost unpredictable fish motion is the main experimental challenge here.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

What significant findings have you established in your field?
1.3. Anastasia Guryleva: A significant achievement established in our lab is the development of a neural network algorithm capable of precisely tracking the zebrafish heart at up to 100 frames per second. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.3.3.

What research gap are you addressing with your protocol?
1.4. Anastasia Guryleva: This protocol addresses two significant gaps: the short period of optical zebrafish studies, which is limited to 5-7 days post-fertilization, and the necessity of anesthesia.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

What advantage does your protocol offer compared to other techniques?
1.5. Anastasia Guryleva: This protocol utilizes shortwave infrared illumination, making zebrafish transparent up to two months post-fertilization, along with a novel image processing technique to track the zebrafish heart.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.1.3.

Ethics Title Card
This research has been approved by the Bioethics Committee of the Scientific and Technological Centre of Unique Instrumentation of the Russian Academy of Sciences

Protocol  
2. Image Acquisition
Demonstrator: Anastasia Guryleva

2.1. To begin, connect the camera to the computer [1]. Launch the camera application and enable the preview mode [2]. Turn on the illuminator [3].
2.1.1. WIDE: Talent connecting the camera to the computer.
2.1.2. The camera application being launched and the preview mode being enabled. Authors: Please make sure the computer screen is clearly visible in the frame.
2.1.3. Talent turning on the illuminator.
2.2. Using a Pasteur pipette, place the zebrafish larva in an agarose mold [1]. Position the agarose mold on the stage [2]. Adjust the exposure time and illuminator power to ensure almost complete illumination of the larva’s head, keeping the exposure time below 1.5 milliseconds [3].
2.2.1. Talent transferring the zebrafish larva into the agarose mold using a Pasteur pipette.
2.2.2. Talent positioning the agarose mold on the stage.
2.2.3. SCREEN: To be provided by authors: The exposure time and illuminator power being adjusted, showing the changes in illumination on the zebrafish larva’s head until it is almost completely illuminated.
Authors: Please record the screencapture videos for the “SCREEN” shots and upload the videos and a summary on your project page: https://review.jove.com/account/file-uploader?src=20784273 
2.3. For image acquisition, set the frame rate to at least 60 frames per second  the image bit depth to 12 bits [1] and set the image bit depth to 12 bitsthe  frame rate to at least 60 frames per seconds [2]. Then, set the number of frames so that images are acquired for at least 10 seconds [3].  Acquire images for at least 10 seconds [3]. Then, setSet the frame naming format and file type [44-TXT]. Start acquiring images [5].
2.3.1. SCREEN: To be provided by authors: The image bit depth being adjusted to 12 bits.
2.3.2. SCREEN: To be provided by authors: The frame rate being set to 60 100 frames per second.
2.3.3. SCREEN: To be provided by authors: The number of frames being set to 1000.
2.3.4. SCREEN: To be provided by authors: The image bit depth being adjusted to 12 bits.
2.3.5. SCREEN: To be provided by authors: The frame naming format being set to yyyy_mm_dd_hh_ss_mm_mss, and the file type being set to PNG or TIFF. TXT: Frame naming format: yyyy_mm_dd_hh_ss_mm_mss; The file type must be PNG or TIFF, not BMP
2.3.6. SCREEN: To be provided by authors: Image acquisition begins.
2.3.7. SCREEN: To be provided by authors: The frame naming format being set to yyyy_mm_dd_hh_ss_mm_mss, and the file type being set to PNG or TIFF. TXT: Frame naming format: yyyy_mm_dd_hh_ss_mm_mss; The file type must be PNG or TIFF, not BMP
2.4. To prepare datasets for neural network training, launch MATLAB (Matlab) [1]. Open the script file DatasetsPreparation.m (Datasets_Preparation_dot_m) [2-TXT]. 	Comment by Debopriya Sadhukhan: Authors: The pronunciation guides for the voiceover artist are provided in red italics. If any of these pronunciations are not correct, please let us know.
2.4.1. SCREEN: To be provided by authors: MATLAB is being launched.
2.4.2. SCREEN: To be provided by authors: The script file DatasetsPreparation.m being opened by selecting Open > Open. TXT: See supplementary files for the script file
2.5. Click Run to run the script [1]. In the pop-up window, select the directory containing the outlined images, the folder PixelLabelData (Pixel_Label_Data), and the file gTruth.mat (G_Truth_dot_mat) [2].
2.5.1. SCREEN: To be provided by authors: Run being clicked and the script starts running.
2.5.2. SCREEN: To be provided by authors: The directory containing the outlined images, PixelLabelData folder, and gTruth.mat file being opened from the pop-up window and the items are shown. The directory being selected. 


3. Heart Rate Quantification
3.1. [bookmark: _GoBack]After acquiring the images, launch the AutoHR (Auto-H-R) application [1]. Navigate to the Processing tab and click Choose Models to import trained neural networksfollowed by File to select the trained neural network model [2]. Click Choose Directory to import acquired images for analysis [3].  Click Process to begin the analysis [34].
3.1.1. SCREEN: To be provided by authors: The AutoHR (Auto-H-R) application being launched.
3.1.2. SCREEN: To be provided by authors: The Processing tab being selected. Model , File,button clicked and the trained neural network models being selected.
3.1.3. SCREEN: To be provided by authors: Choose Directory button clicked, folder containing images for analysis being selected.
3.1.4. SCREEN: To be provided by authors: Default export path being demonstrated.
3.1.5. SCREEN: To be provided by authors: Process being clicked and the analysis begins.
3.2. After the analysis, specify the directory to save the results in the Export Path field [1]. Then, click Save to confirm, followed by Export to save the data [2].
3.2.1. SCREEN: To be provided by authors: Export Path field being selected, the directory being specified to save the results.
3.2.2. SCREEN: To be provided by authors: Save followed by Export being selected to save the data.


Results
4. Representative Results 

4.1. The heart rate of zebrafish larvae at 12 days post-fertilization was determined using photoplethysmography or PPG (P-P-G) [1]. High-quality frames with a heart area diameter of 20 pixels resulted in a clear PPG signal [2], and Fourier analysis identified a peak frequency corresponding to a heart rate of 130 beats per minute [3].
4.1.1. LAB MEDIA: Figure 6.
4.1.2. LAB MEDIA: Figure 6. Video Editor: Highlight the middle graph in the top row.
4.1.3. LAB MEDIA: Figure 6. Video Editor: Highlight the peak in the 3rd image from the left in the top row and the sentence “Heart rate = 130 bpm”.
4.2. Low-quality frames with a heart area diameter of 14 pixels [1] introduced significant noise in the PPG signal, reducing measurement reliability [2]. The method also detected an increased heart rate of 170 beats per minute [3].
4.2.1. LAB MEDIA: Figure 6. Video Editor: Emphasize the graphs in the bottom row.
4.2.2. LAB MEDIA: Figure 6. Video Editor: Highlight the middle graph in the bottom row.
4.2.3. LAB MEDIA: Figure 6. Video Editor: Highlight the peak in the 3rd image from the left in the bottom row and the sentence “Heart rate = 170 bpm”.
4.3. The validation protocol demonstrated that heart rate significantly increased following the application of a provocation stimulus [1]. The median heart rate rose from approximately 122 beats per minute [2] to 155 beats per minute [3].
4.3.1. LAB MEDIA: Figure 7.
4.3.2. LAB MEDIA: Figure 7. Video Editor: Highlight the left box plot.
4.3.3. LAB MEDIA: Figure 7. Video Editor: Highlight the right box plot.
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