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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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
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.

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.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps: 22  
Number of Shots: 40 

Interviews
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.

Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) of the Chinese Institute for Brain Research, Beijing (CIBR)



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Thermal Gradient Apparatus Setup
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. Begin by setting up an enclosed thermal gradient apparatus [1-TXT]. Fit it with an aluminum floor plate for heat conduction and a glass bottom plate for telemetry signal transmission, then cover the walking surface with masking tape [2].
2.1.1. WIDE: The enclosed thermal gradient apparatus being set up. TXT: Apparatus Internal dimensions - 900 x 100 x 250 millimeters
2.1.2. CU: Talent showing the aluminum floor plate, glass bottom plate.
2.1.3. Talent covering the walking surface with masking-tape.

2.2. Generate a temperature gradient using thermoelectric modules based on the Peltier effect, heating one end and cooling the other via polarity-controlled heat transfer [1]. Use fan-equipped CPU heat sinks for heat dissipation and power the components with the required direct-current voltages [2].
2.2.1. CU: Talent showing the thermoelectric modules positioned at two ends of the apparatus.
2.2.2. WIDE: Shot of CPU heat sinks, cooling fans, and power connections of the thermal gradient apparatus.

2.3. Place a telemetry receiver beneath the apparatus for simultaneous core-temperature recording [1]. Position a dual-modal infrared and visible-light camera above the apparatus [2], and use its default, factory-calibrated radiometric settings with the emissivity set to one [3].
2.3.1. WIDE: Talent positioning the telemetry receiver beneath the thermal gradient apparatus.
2.3.2. WIDE: Talent positioning the dual-modal infrared and visible-light camera above the apparatus.
2.3.3. Talent adjusting the camera to its default radiometric settings while keeping the emissivity value of 1.00.

3. Calibration of the Thermal Gradient Apparatus
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Turn on the apparatus and establish a stable 15 to 50 degrees Celsius gradient under open-loop control [1]. Allow it to equilibrate for at least 1 to 1.5 hours before calibration [2].
3.1.1. WIDE: Talent turning on the thermal gradient apparatus and establishing the temperature gradient.
3.1.2. WIDE: Shot of the apparatus equilibrating before calibration. 

3.2. Beginning at the cold end, mark measurement positions at 5-centimeter intervals along the floor [1]. At each position, record the temperature at the floor center, 2 centimeters above the floor center, and at the side wall [2].
3.2.1. WIDE: Talent marking measurement positions at 5-centimeter intervals from the cold end.
3.2.2. CU: Talent recording temperatures at the floor center, 2 centimeters above the floor center, and at the side wall.

3.3. Plot temperature against distance from the cold end and calculate the coefficient of determination for each distribution [1]. Confirm adequate gradient linearity by obtaining an R-squared value of at least 0.95 at all measurement positions [2].
3.3.1. SCREEN: Temperature values being plotted against distance, and the coefficient of determination being calculated.
3.3.2. SCREEN: Talent verifying that the temperature gradient is linear at all measurement positions, with an R² value of at least 0.95.

4. Thermal Gradient Assay and Data Export
Demonstrator: Click here to enter name of demonstrator(s)

4.1. Habituate each mouse to the thermal gradient apparatus for 2 hours per day on 3 consecutive days before testing [1].
4.1.1. WIDE: Talent leaving the mouse in the thermal gradient apparatus to explore freely.

4.2. Before each experiment, establish a floor-temperature gradient of 15 to 50 degrees Celsius while maintaining an ambient temperature of approximately 22 degrees Celsius [1]. Allow the apparatus to equilibrate for 1 to 1.5 hours [2].
4.2.1. SCREEN: The thermal gradient and ambient temperature being monitored before the experiment.
4.2.2. WIDE: Shot of the apparatus equilibrating before the mouse is introduced. 

4.3. Align the infrared and visible-light images within the same field of view [1]. Allow the mouse to move freely while simultaneously recording infrared and visible-light videos at one frame per second [2] and monitoring core body temperature via telemetry. [3].
4.3.1. SCREEN: The infrared and visible-light images being aligned in the dual-modal camera software.
4.3.2. SCREEN: The freely moving mouse being recorded by the overhead camera.
4.3.3. SCREEN: The core temperature being recorded by the telemetry receiver. 

4.4. After each session, clean the apparatus with 75 percent ethanol [1]. Save the recordings using lowercase English letters, numbers, and underscores only [2]. For automated analysis, export the infrared and visible-light streams separately after confirming their spatial alignment [3-TXT].
4.4.1. WIDE: Talent cleaning the thermal gradient apparatus with 75 percent ethanol.
4.4.2. SCREEN: The recording being saved with a compatible file name. 
4.4.3. SCREEN: Talent exporting the aligned infrared and visible-light streams separately. TXT: Infrared display range - 15 to 50 degrees Celsius; remove all overlays


5. Automated Temperature-Preference Analysis
Demonstrator: Click here to enter name of demonstrator(s)

5.1. Using the calibrated apparatus, perform the thermal gradient assay to obtain the animal's temperature-preference data [1]. Then analyze the synchronized recordings using the automated temperature-preference method [2].	Comment by Ruchira  Mukherji: This step has been moved here from the previous section for better flow.
5.1.1. WIDE: A mouse moving across the calibrated thermal gradient apparatus so that its temperature preference data can be acquired.
5.1.2. Talent at the computer starting the analysis software.

5.2. Load the synchronized infrared and visible-light videos and randomly select up to 500 frames from the analysis period for each video [1].
5.2.1. SCREEN: The synchronized videos being loaded into the software.
5.2.2. SCREEN:  500 frames being randomly selected from the analysis period of each video.

5.3. Construct static background images from the most frequent pixel values over time, then apply median filtering to reduce noise [1].
5.3.1. SCREEN: Static infrared and visible-light background images being constructed and median-filtered.

5.4. Mark the four corners of the runway to generate a runway mask that restricts subsequent animal detection to the defined area [1].
5.4.1. SCREEN: The four runway corners being marked and the runway mask being generated.

5.5. Segment the foreground in the visible-light video by subtracting the background and applying absolute differencing with a threshold of 50 [1]. Erode the result with a kernel size of 3 and remove connected regions smaller than 200 pixels [2-TXT].
5.5.1. SCREEN: Foreground segmentation being performed by background subtraction and absolute differencing. 
5.5.2. SCREEN: The segmented image being eroded and small connected regions being removed. 

5.6. Identify the largest remaining connected region as the mouse [1], then record its centroid and axis-aligned bounding rectangle for each frame [2].
5.6.1. SCREEN: The largest remaining connected region being identified as the mouse.
5.6.2. SCREEN: Mouse centroid and its axis-aligned bounding rectangle being recorded.

5.7. Estimate the mouse's longitudinal size along the runway [1] and apply geometric correction based on runway orientation [2]. 
5.7.1. SCREEN: The mouse's longitudinal size being estimated.
5.7.2. SCREEN: Geometric correction being applied based on runway orientation.

5.8. Center a rectangular spatial template on the mouse centroid, set its length from the corrected body length [1], estimate its width from the runway cross-section, and orient it along the runway axis [2].
5.8.1. SCREEN: A rectangular spatial template being centered on the mouse with its length set according to the corrected body length.
5.8.2. SCREEN: The template width being estimated from the runway cross-section while it is oriented along the runway axis.

5.9. Use the spatial template to calculate the mean pixel value within the corresponding infrared background image [1] and record it as the preferred environmental temperature [2]. Repeat the detection and extraction across all frames to generate a table of temperature-preference values [3].
5.9.1. SCREEN: The mean infrared pixel-value within the spatial template being calculated. 
5.9.2. SCREEN: Animal’s preferred environmental temperature being recorded.
5.9.3. SCREEN: The automated analysis running across all frames and a table of temperature-preference values being generated.
5.9.4. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 115.
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. Chemogenetic activation of MPAEP3R  (m-p-a e-p-three-r) neurons induced a rapid and sustained decrease in core body temperature compared with vehicle treatment [1]. The mice also shifted their temperature preference toward cooler ambient conditions [2]. 
6.1.1. LAB MEDIA: Figure 3A. Video Editor: In Panel A, please highlight the rapid and sustained decline in the blue core-temperature curve following DCZ administration.
6.1.2. LAB MEDIA: Figure 3C. Video Editor: Please highlight in Panel C, the leftward shift of the blue DCZ occupancy curve.

6.2. This hypothermic response was accompanied by decreased interscapular brown adipose tissue temperature, indicating reduced thermogenesis, and increased tail temperature, indicating enhanced heat dissipation [1].
6.2.1. LAB MEDIA: Figure 3D-E. Video Editor: Simultaneously highlight the sustained decline in the blue tissue-temperature curve in Panel D and the transient rise in the blue tail-temperature curve in Panel E. 

6.3. Chemogenetic inhibition of MPAEP3R neurons induced a rapid and sustained increase in core body temperature compared with vehicle treatment [1]. The mice also shifted their temperature preference toward warmer ambient conditions [2].
6.3.1. LAB MEDIA: Figure 4A. Video Editor: In Panel A, please highlight the rapid and sustained elevation of the red core-temperature curve following DCZ administration.
6.3.2. LAB MEDIA: Figure 4. Video Editor: Please highlight in Panel C, the rightward shift of the red DCZ occupancy curve.

6.4. This hyperthermic response was accompanied by increased interscapular brown adipose tissue temperature, indicating enhanced thermogenesis [1]. Tail temperature could not be reliably assessed because the tail was obscured beneath the body [2].
6.4.1. LAB MEDIA: Figure 4D. Video Editor:  Please highlight in Panel D, the sustained elevation of the red tissue-temperature curve following DCZ administration.
6.4.2. LAB MEDIA: Figure 4E. Video Editor: In Panel E, for the 10 min and 30 min images, indicate with an arrow that the tail became obscured beneath the body and hence could not be assessed.
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