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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 

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

3. 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.

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: 09/14/26


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


Current Protocol Length

Number of Steps: 17
Number of Shots: 43

Interviews 


Authors: Some statements have been edited for length and clarity. 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. Madison Floden: Our research focuses on visualizing ice formation in a freeze-tolerant insect to determine whether freezing follows a consistent pattern.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Madison Floden: Existing methods assess freezing after it occurs; however, this protocol uses thermal imaging to visualize ice formation non-invasively in real time.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
Describe the research contexts or systems in which this protocol can be applied.
1.3. Madison Floden: This protocol can be applied to systems where researchers aim to visualize exothermic reactions occurring at subzero temperatures.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:
What does this protocol allow researchers to study or measure?
1. 
1.1. 
1.2. 
1.3. 
1.4. Madison Floden: This protocol enables researchers to use temperature data to determine the location and direction of ice formation.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

 
Describe the most important consideration or challenge when performing this protocol.
1.5. Madison Floden: The main challenge is keeping the sample in focus while maintaining controlled humidity throughout the experiment.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 






Protocol  

Author: To maintain continuity and ensure complete workflow, a few necessary steps from the unhighlighted portions of the protocol have been included in the script. 

2. Thermal Imaging and Freezing Data Collection
Demonstrator: Madison Floden

2.1. Begin by setting up the thermal imaging system, with the thermal camera positioned above the chilling plate and ready for sample imaging [1]. Place the sugarbeet root maggot, or SBRM, (S-B-R-M), at the center of the chilling plate beneath the thermal camera and acclimate it to 4 degrees Celsius for 10 minutes [2]. Ensure the entire SBRM is in focus and reposition it with feather-light forceps if needed [3].
2.1.1. WIDE: Talent setting up the thermal imaging system
2.1.2. CU: Talent placing the SBRM at the center of the chilling plate beneath the thermal camera
2.1.3. CU: Talent repositioning the SBRM with featherlight forceps while checking focus

2.2. After acclimation, start the thermal camera recording by selecting the red record button [1]. Press the temperature down button on the chilling plate to lower the chilling plate temperature from 4 degrees Celsius to minus 20 degrees Celsius at 1 degree Celsius per minute, taking approximately 24 minutes [2].
2.2.1. CU: Talent selecting the red circular Record button to start the thermal camera recording
2.2.2. Talent pressing the temperature down button on the chill plate to decrease the set temperature from 4 degrees Celsius to minus 20 degrees Celsius
Note: As per the author’s request, the earlier SCREEN recording shot 2.2.1 has been converted to a close-up shot of the laptop screen, as installation of OBS Studio may not be permitted on the government-owned laptop



2.3. During the run, record whether an exotherm is observed, along with the elapsed time and, when possible, the corresponding frame numbers [1].
2.3.1. Talent recording whether an exotherm is observed, the elapsed time, and the corresponding recording frames

2.4. Hold the chilling plate at minus 20 degrees Celsius until recording is complete, with the camera used in this study allowing a maximum capture duration of approximately 40 minutes with a maximum file size of about 8.7 gigabytes [1]. Once recording is complete, review the run duration, frame count, and average frame rate in the run-summary pop-up, then close it [2].
2.4.1. Talent maintaining the chilling plate at minus 20 degrees Celsius until the run is complete
2.4.2. CU: Software pop-up showing the total run duration, number of frames collected, and average frame rate followed by the popup being closed 
Note: As per the author’s request, the earlier SCREEN recording shot 2.4.2 has been converted to a close-up shot of the laptop screen, as installation of OBS Studio may not be permitted on the government-owned laptop


2.5. Transfer the SBRM from the chilling plate to a 24-well plate [1] and store it at 4 to 6 degrees Celsius for recovery [2].
2.5.1. CU: Talent transferring the SBRM into a 24-well plate with featherlight forceps
2.5.2. Talent placing the 24-well plate at 4 to 6 degrees Celsius for recovery

2.6. For the next run, return the chilling plate to 4 degrees Celsius and allow the surface to thaw [1]. Remove the three-dimensional printed cover and blotting paper, dry the aluminum foil, then replace the dry blotting paper and three-dimensional printed cover [2].
2.6.1. Talent returning the chilling plate to 4 degrees Celsius and allowing the surface to thaw
2.6.2. CU: Talent cleaning the chilling-plate surface and replacing the dry blotting paper and 3D-printed cover

3. Exotherm Identification and Frame Selection
3.1. Open FLIR (Fleer) Research Studio - Professional Edition software [1]. Select the open file folder icon at the bottom left of the software [2], then select open directory [3] and navigate to the folder containing the raw sequence files from the thermal camera [4].
3.1.1. SCREEN: Talent opening FLIR Research Studio - Professional Edition.
3.1.2. SCREEN: Open file folder icon being selected
3.1.3. SCREEN: Open Directory being selected
3.1.4. SCREEN: Folder containing the raw sequence files being opened

Authors: Please create a screen capture video of the shots labelled SCREEN and upload them onto your project page:  https://review.jove.com/account/file-uploader?src=22112243 

3.2. Navigate through the recording library using the bottom scroll bar or mouse wheel [1], select the desired recording, and select Open [2]. Select a location within the frame by clicking the corresponding button [3].
3.2.1. SCREEN: Recording library being navigated using the bottom scroll bar or mouse wheel 
3.2.2. SCREEN: Desired recording being selected and opened
3.2.3. SCREEN: A location within the frame being selected

3.3. Scrub forward and backward through the recording to identify the frames containing the rapid exothermic color change [1]. Click and hold the white circle and move it with the mouse [2], or increase playback speed using the left and right double-arrow buttons [3], and identify the dramatic color change during the exothermic reaction [4]. If no clear exotherm is visible, classify the SBRM as not frozen [5].
3.3.1. SCREEN: Recording being reviewed to identify frames containing an exotherm
3.3.2. SCREEN: White circle being clicked, held, and moved through the recording
3.3.3. SCREEN: Left and right double-arrow buttons being selected to increase playback speed
3.3.4. SCREEN: Dramatic color change of the SBRM being identified
3.3.5. SCREEN: Excel sheet showing the recorded observation that the SBRM did not freeze when no clear exotherm was present, along with the relevant temperature data

3.4. For samples with clear exotherm, record the exotherm frame numbers or time, including one to two frames before and after the freezing event [1]. Navigate to the frame immediately before the exotherm becomes visible and designate it as frame X-1 using the single forward and backward arrow buttons near the bottom-middle of the software [2]. Alternatively, enter the frame number on the left side of the navigation bar to move directly to a specific frame [3].
3.4.1. SCREEN: Exotherm frame range and associated time being recorded
3.4.2. SCREEN: Single forward and backward arrow buttons being selected to navigate to frame X-1
3.4.3.  SCREEN: Frame number being entered on the left side of the navigation bar to navigate directly to a specific frame
4. Region-of-Interest Based Temperature Analysis

4.1. At frame X-1, select the three vertical dots to open more region of interest, ROI, (ROI) Shapes and Function [1], then select the Multi-Segment Line tool [2]. Outline the entire SBRM, ensuring the first and last points overlap, to create the whole-organism ROI [3].
4.1.1. SCREEN: More region of interest shapes and function being opened
4.1.2. SCREEN: Multi-Segment Line tool being selected
4.1.3. SCREEN: Whole SBRM being outlined 

4.2. Adjust the whole-organism ROI by repositioning or adding and removing points as needed [1], then save the workspace as the sequence file name with Workspace or WS added to the name [2].
4.2.1. SCREEN: Whole organism region of interest being adjusted
4.2.2. SCREEN: Workspace being saved

4.3. To determine the whole-organism supercooling point, select the Multi-Segment Line region of interest from the region of interest dropdown at the top center of the software using the down arrow [1]. Select the pencil icon to the right of the region of interest selection dropdown [2] and change the region properties, including the outline and point colors [3].
4.3.1. SCREEN: Multi-Segment Line region of interest being selected from the region of interest dropdown
4.3.2. SCREEN: Pencil icon being selected
4.3.3. SCREEN: Region of interest outline and point properties being changed

4.4. Change the On-Image Statistic using its dropdown arrow [1], select minimum for the supercooling point to add the label name [2], and adjust the Label Position using its dropdown arrow [3].
4.4.1. SCREEN: On-Image Statistic dropdown being opened
4.4.2. SCREEN: Minimum being selected
4.4.3. SCREEN: Label Position being adjusted

4.5. Using the same Multi-Segment Line tool, draw 11 separate areas corresponding to the 11 clearly defined sections of the SBRM, within or overlapping the same points as the whole outline, to enable regional temperature comparisons [1].
4.5.1. SCREEN: Final segment being drawn on the SBRM using the Multi-Segment Line tool 
4.6. For each outlined section, open the region properties [1] and select mean as the temperature information to display for the region [2]. Scrub through all frames of interest and confirm that every ROI remains over the SBRM, repositioning an ROI consistently if the specimen shifts [3].
4.6.1. SCREEN: Region properties being opened for each outlined section
4.6.2. SCREEN: Mean temperature being selected for display
4.6.3. SCREEN: ROI placement across the frames of interest being confirmed and repositioning being done if needed

4.7. For all frames of interest and one to two frames before and after the event, record the mean temperature of the whole SBRM and each regional ROI, along with the total frame count and the first and last timestamps to determine freezing duration [1].
4.7.1. SCREEN: Mean temperatures, frame count, and first and last timestamps being entered into the Excel worksheet
Author: Please zoom in on the Excel sheet so the relevant cells and text are clearly visible to viewers

Note: No representative outcome of the protocol is presented in this article. The article presents thermal imaging and freezing data collection, exotherm identification and frame selection, and region-of-interest-based temperature analysis, which are incorporated into the protocol section.
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