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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? NO

2. Does your protocol include software usage? NO
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? 
Steps 2.6, 3.3, 3.5, 4.1

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Steps 2.5-2.6 Alignment of the patchcord in front of the objective. When perfectly aligned, the image of the patchcord is well-resolved and the light power is maximum at the tip of the fiber. When multi-fiber patchcord is used, all fibers should be well-resolved, and the light power from tips of the fibers should almost equal.
5. Will the filming need to take place in multiple locations? NO 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.1. Christophe Proulx: Fiber photometry calcium imaging combines genetically-encoded calcium indicator and multimode optical fibers to monitor neuronal activity in freely-moving animals, which is critical to understand how specific groups of neurons play in directing or responding to an action or a stimulus [1].

1.1.1.  INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Christophe Proulx: This technique is an accessible way to record from specific brain regions that are defined by their connections or genetic profiles, with a built-in control to separate signal to noise [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Introduction of Demonstrator: (Said by you on camera)


1.3. Christophe Proulx: Demonstrating the procedure will be Ekaterina Martianova, a graduate student from my laboratory. 
 
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at University of California, San Diego and the Canadian Guide for the Care and Use of Laboratory Animals 

Section - Protocol
[Note to videographer: Record steps 3.3 and 3.4 first, followed by steps for single patchcord (2.1-3.2; 3.5-4.6).]
2. Optical path between CMOS and patch cord
2.1. Begin by loosening all screws on the 5-axis translator [1].
2.1.1. Show photometry system in front of talent on table. Talent loosens one screw. 
2.2. Screw in the patch cord to the adaptor that is affixed to the 5-axis translator [1-TXT].
2.2.1. Talent screws in the patch cord to the adaptor. 
TEXT: Adaptor = SMA (sub-miniature A) or FC (fiber optic connector)
2.3. Then, turn on the 470 nm excitation light at low power [1-TXT].
2.3.1. CU: Talent turns on the 470 nm excitation light at low power 
TEXT: Low Power = 100 µW
2.3.2. Added shot: Talent places the tip of the fiber pointing to an autofluorescent plastic slide. NOTE: Author added this shot but did not add VO text.
2.4. Next, record from the complementary metal oxide semi-conductor or CMOS (pronounced c-m-o-s) camera in live mode [1]. Increase the gain or adjust the lookup table until the image is visible at the focal point of the objective [2]. 
2.4.1. CU: Talent turns on the CMOS camera.
2.4.2. MED-over shoulder: Talent looking at computer increases the gain until the image is visible at the focal point
2.5. Advance the 5-axis translator towards the objective, ensuring that the 470 nm light is centered on the fiber at the SMA or FC end of the patch cord, until an image can be resolved on the camera [1].
2.5.1. MED-over shoulder: Talent looking at computer moves the translator towards the objective until an image is shown on the camera. [Videographer: Authors indicate this is a difficult step.] NOTE: This shot was split in 2, one of computer and one of talent’s hands. 
2.6. Finally, adjust the X and Y axes until the image is centered and well-resolved. Visualize the light emitted from the ferrule-end of the patch cord, as it should appear as an isotropic circle [1]. Author NOTE: Steps 2.5 and 2.6 have been combined during the filming.
2.6.1. MED-over shoulder: Talent looking at computer adjusts the X and Y axes until image is centered. Show isotropic circle.  [Videographer: Authors indicate this is an important and difficult step.]
3. Setup of ROIs and recording arena
3.1. Start by turning on all the excitation lights to better visualize the fibers [1], and adjust the camera gain such that no pixels are saturated, and a clear image of the fibers are present [2].
3.1.1. Talent turns on all the excitations lights.
3.1.2. MED-over shoulder: Talent looking at computer adjusts the gain until a clear image is present. 
3.2. Then, take a preliminary image. Draw regions of interest or ROIs (pronounced r-o-i’s) around the fibers and keep them for the measurement of the mean intensity values during recordings [1].
3.2.1. Talent at the computer, open the recording software, then draw an ROI around the fiber.
3.3. For multiple fiber recordings, test for independence by live recording from all fibers. Point one fiber towards a light source [1] and tap with a finger [2]. Observe fluctuations in the channel [3-TXT].  [Note to videographer: Record 3.3 and 3.4 first; Authors indicate this is an important step.]
3.3.1. Talent points one fiber toward a light source.  
3.3.2. CU: Talent taps the fiber with a finger.
3.3.3. MED-over shoulder: Show fluctuations in the channel on computer. 
TEXT: If signals are not independent, redraw more conservative ROIs and repeat the independence test.
3.4. Then, apply colored tape to the end of the fibers to label which ROI corresponds to which fiber [1].
3.4.1. Talent applies colored tape the end of one fiber.
3.5. Finally, set up the recording area by hanging the patch cord above the arena using stands, clamps, and holders [1].
3.5.1. Talent hangs the patch cord above the area using a stand, clamp, and holder. [Videographer: Authors indicate this is an important step.]
3.6. Lastly, make sure that the animal will not be limited in movement by the length of the fiber and can freely move throughout the entire arena [1]. 
3.6.1. Talent stretches the patchcord to make sure it can reach all parts of the arena.



4. In-vivo and dual-color recordings
4.1. Begin by inspecting the distal end of the fibers of the patch cord by eye and with a minifiber microscope [1]. If the surface of the fibers is scratched, re-polish the fibers using fiber polishing film with fine grit [2].
4.1.1. Talent looks at distal end of the patch cord fiber using a mini-fiber microscope. [Videographer: Authors indicate this is an important step.]
4.1.2. Talent polishes one fiber. [Videographer: Authors indicate this is an important step.]
4.2. Then, clean the distal ends of the patch cord with 70% ethanol and a cotton tip applicator [1].
4.2.1. CU: Talent uses a cotton tip applicator to clean the patch cord tip.
4.3. Clean the fiber-optic cannulas using 70% ethanol and a cotton tip applicator [1].
4.3.1. Show talent cleaning the fiber-optic cannulas using a cotton tip applicator. 
4.4. Connect the ferrule end of the patch cord to the implanted fiber using a ceramic split-sleeve covered with a black shrink tube. During the connection, make sure that the sleeve is tight [1].
4.4.1. Talent connects the ferrule end of the patch cord to the implanted fiber as described in the voice over. Talent ensure the sleeve is tight – zoom in on this area. 
4.5. Allow the animal to recover for a few minutes [1], then start recording the optical signal and run the experiment [2].
4.5.1. CU: Show the animal
4.5.2. Talent starts recording. 
4.6. While recording, keep a careful eye on the live-trace to ensure quality recordings, and watch for any jumps in single indicating the sleeve is not tight enough [1].
4.6.1. Show talent watching the live trace on the computer.
4.7. For the dual-color recordings, add a 560 nm LED to the photometry system to excite the red fluorescent calcium sensor and appropriate dichroic mirrors and filters [1].
4.7.1. Talent points to the 560 nm LED on the photometry system.
4.8. Then, add an image splitter between the objective and the CMOS camera to separate the green and red emission wavelengths [1].
4.8.1. Talent points to the image splitter between the objective and the CMOS camera.
4.9. Finally, draw ROIs around all fibers in both colors, red and green. Make sure to clearly identify each ROI with the corresponding fiber and channel [1]. Author NOTE: Steps 4.9 and 4.10 need to switch order. 
4.9.1. Talent at computer, draws ROIs around all fibers in red and green. Talent labels each ROI. 
4.10. Trigger simultaneous excitation with 470 nm and 560 nm LEDs and alternate them with a 410 nm LED [1].
4.10.1. Press the corresponding button to trigger simultaneous excitation with 470 nm and 560 nm LEDs.



Section – Results
5. Results: Florescence increased after administration of air puffs  
5.1. Results indicate the measured fluorescence significantly increased concurrently with the administration of air puffs for mice with activation of the LHA-LHb pathway [1].
5.1.1. LAB MEDIA:  Figure 4B-C. Video editor: Highlight the air puff icons and the high amplitude trace that comes right after the air puff icons.
5.2. However, in mice expressing green fluorescent protein or GFP, no change in the signal was detected during the administration of air puffs [1].
5.2.1. LAB MEDIA:  Figure 4C: Video editor: Highlight the air puff icon and the trace that comes right after the air puff icon.



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Christophe Proulx: The most important thing to remember when attempting this procedure is to ensure the proper alignment of the optical path. This should result in a well-resolved image on the camera and the light emitted from the ferrule-end of the patchcord appearing as an isotropic circle [1].

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Video editor: B-roll suggestion -- shots 2.5.1 and 2.6.1.
6.2. Christophe Proulx: This technique allows researchers to readily record from specific types of cells in different brain regions while an animal is freely behaving. This furthers their ability to dissect the function of these brain regions as it related to behavior [1].

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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