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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Yes______  
Can you record movies/images using your own microscope camera? (Y/N)____Yes_____  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Yes_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? (Y/N) ___Yes____ If yes, how far apart are the locations? _____In the same building, 1st and 2nd floors__

1. Introduction (Experimental Goal and Author Interviews) 

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this experiment is to test the effect of laser ablation of certain neurons on circuit activity and behavior. With this experimental technique, we can examine the necessity of neurons in a circuit underlying behavior.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Akira Muto: This method can help answer key questions in the behavioral neuroscience field, such as how prey is perceived and how prey capture behavior is generated by neuronal activity. 
1.2. Akira Muto: The main advantage of this technique is that neurons can be specifically ablated, because of the genetic labeling of these neurons and also a high spatial resolution of the laser.  


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

1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at National Institute of Genetics.



Protocol: (read by voice talent at JoVE)


2. Ablation of a Subpopulation of Neurons Using a Two-photon Laser Microscope (Authors to provide screen capture files for sections 2 – 4)
2.1. After raising larva and mounting them in 2% low melting agarose according to the text protocol [1-WIDE-TXT], place the agarose-embedded larva under a two-photon laser scanning microscope and start the microscopy system [2-WIDE/MED].
2.1.1. [bookmark: _GoBack]Talent at bench picks up sample from bench and checks that the agarose has solidified around larva (TEXT: Lines used: Gal4 line gSAIzGFFM119B, labels pretectum; hspGFFDMC76A, labels the ILH)
2.1.2. Talent places sample on microscope stage and starts microscope system
2.2. Open the image acquisition software and under the ‘Laser’ tab, click the “On” button to turn on the laser. Wait for the “Status” of the laser to change from “Busy” to “Mode-locked” [1-SCREEN/LM].
2.2.1. LAB MEDIA Talent starts software and clicks ‘On’ button to turn on laser.  Then laser status changes to ‘Mode-locked.’
2.3. On the “Channels” tab, set the laser’s wavelength to 880 nm for EGFP ablation, or 800 nm for GCaMP ablation [1-SCREEN/LM-TXT].
2.3.1. LAB MEDIA Talent sets wavelength to 800 nm for EGFP or GCaMP ablation, Editor: use the first text note for EGFP and the second for GCaMP (TEXT: max power: ~2,300 mW) (TEXT: max power: ~2,600 mW)
2.4. Select the 20X objective lens by manually moving the lens revolver [1-CU]. Then click the “Locate” tab, click “GFP” to change the optical pathways, and directly view the fluorescence by eye [2-SCREEN/LM].
2.4.1. Talent manually moves lens to 20X
2.4.2. LAB MEDIA Talent clicks ‘Locate’ tab and ‘GFP’ to view fluorescence by eye
2.5. Center the zebrafish larval brain in the field of view [1-LM].  Then click the “Acquisition” tab to go back to two-photon microscopy and set the laser power and gain. [2-SCREEN/LM].
2.5.1. LAB MEDIA Talent locates larval brain at center of view (as seen through scope) Author note: No lab media available for this step.
2.5.2. LAB MEDIA Talent clicks ‘Acquisition’ tab to return to two-photon microscopy and set the laser power and gain. 
2.6. As a record of the ‘before ablation’ condition, click “Z-Stack” to select the z-stack option. Then after focusing on the ventral end of the larval brain, click the “Set First” button to set the lower limit, and after focusing on the dorsal most-surface of the brain, click the “Set Last” button to set the upper limit. Finally, click the “Start Experiment” button to run the z-stack image acquisition [1-SCREEN/LM].
2.6.1. LAB MEDIA Talent clicks ‘Z-stack’ then focuses on ventral end of brain and clicks “Set First”.  Then focuses on dorsal end of brain and clicks “Set Last” button.  Then talent clicks “Start Experiment.”
2.7. Next, select the 63X objective lens by manually moving the lens revolver [1-CU].  Then click the “Locate” tab to switch to epi-fluorescence microscopy [2-SCREEN/LM].  Center the cells to be ablated by eye [3-LM], then click the “Acquisition” tab to go back to laser scanning microscopy [4-SCREEN/LM].
2.7.1. Talent manually revolves lens to 63X
2.7.2. LAB MEDIA Talent clicks “Locate” tab and switches to epifluorescence and click ‘GFP’
2.7.3. LAB MEDIA Talent locates cells to be ablated (as seen under scope) Author note: No LAB MEDIA available for this step.
2.7.4. LAB MEDIA Talent clicks “Acquisition” tab and goes back to laser scanning microscopy
2.8. In the “Acquisition Mode” tab, set the “Frame Size” to 256 x 256. Click “Live” and observe the neurons of interest.  Then starting from the dorsal-most side, find a focal plane in which the cells to be ablated are in focus [1-SCREEN/LM].
2.8.1. LAB MEDIA Talent sets frame size then clicks ‘Live.’  Then talent starts on dorsal side and finds a focal plane that is in focus for ablation
2.9. Using the ‘Regions’ function, mark a small, circular area about one third the cell’s size in diameter on each neuron as an ROI [1-SCREEN/LM].
2.9.1. LAB MEDIA Talent uses ‘Regions’ function to mark ROIs
2.10. Set the scan speed to 13.93 s/256 x 256 pixels, which corresponds to a laser dwell time of approximately 200 µs/pixel, or 200 µs/0.5 µm. Also, set the iteration cycle to 4 repetitions [1-SCREEN/LM-TXT].
2.10.1. LAB MEDIA Talent sets scan speed to 13.93 s/256 x 256 pixels then sets iteration cycle to 4 repetitions (TEXT: 134.42 μm x 134.42 μm) (TEXT: Refer to text protocol for additional details). Editor: use the first text note for the first portion of the first sentence.  Use the second text note for the end of the second sentence.
2.11. Click “Start Experiment” to execute the “Time series” and “Bleaching” functions [1-SCREEN/LM].  Compare the image before ablation to the image after ablation in the time series cycle to ensure that the fluorescence in the targeted cells is gone [2-LM-TXT].
2.11.1. LAB MEDIA Talent clicks ‘Start experiment’ to execute time series and bleaching 
2.11.2. LAB MEDIA Fig2A Supplementary Movie.mov (TEXT: Increase # of iterations if fluorescence is still present after ablation).
2.12. Next, move the focal plane slightly deeper, and choose the next focal plane where un-ablated cells appear.  Carry out the bleaching function as just demonstrated, and repeat the process until all the cells in the neural structure of interest have been ablated [1-SCREEM/LM-TXT].
2.12.1. LAB MEDIA Talent moves focal plane slightly deeper (TEXT: i.e., towards the ventral side) and chooses next focal plane where un-ablated cells appear.  Then talent starts bleaching process again 
2.13. Following ablation, check the cells for abolished fluorescence and repeat the laser irradiation if necessary [1-LM].
2.13.1. LAB MEDIA Talent checks for abolished fluorescence by eye (as seen under scope) scanning.
2.14. Following irradiation, if the larva needs to be recovered. Carefully make tiny perpendicular cuts in the agarose around the larva [1-CU/ECU]. Then, wait for the fish to swim out of the agarose on its own when the anesthetic wears off [2-CU].
2.14.1. Talent makes tiny cuts in agarose to free larva
2.14.2. Larva swims out of agarose  
3. Calcium imaging to Record Prey-evoked Neuronal Activity in the Pretectum-ablated Zebrafish Larvae 
3.1. After culturing paramecia and anesthetizing a zebrafish larva according to the text protocol [1-MED/CU], place the larva into 2% low melting point agarose and immediately remove any excess agarose so that the surface of the agarose looks slightly convex [2-LM-TXT].
3.1.1. Talent places dish with anesthetized larva on bench next to paramecia and warm agarose (TEXT: Confirm agarose is not too hot before mounting larva)
3.1.2. LAB MEDIA Talent places larva in 2% agarose and removes excess agarose (as seen under scope) Author note: No LAB MEDIA available for this step.
3.2. Using a dissecting needle, quickly orient the larva in an upright position [1-LM].
3.2.1. LAB MEDIA talent uses dissecting needle to orient larva in upright position under scope.
3.3. Then, using a surgical knife, make a few small cuts in the agarose to remove the agarose around the zebrafish head, which makes space for the paramecium to swim. [1-LM]. Carefully remove the residual agarose by gently pouring system water on the chamber [2-ECU-TXT].
3.3.1. LAB MEDIA Talent removes agarose around head then makes small cuts in agarose Talent makes small cuts in agarose and then removes agarose around head. 
3.3.2. Talent pours system water on chamber (TEXT: Tricaine will be washed out)
3.4. Next, put one paramecium in the recording chamber to serve as a visual stimulus [1-ECU].  Then place the recording chamber under an epi-fluorescence microscope equipped with a scientific CMOS camera [2-MED/CU] and select a 2.5X objective lens [3-CU].
3.4.1. Talent puts one paramecium in recording chamber
3.4.2. Talent places chamber under microscope
3.4.3. 2.5X lens being moved into place
3.5. Start the image acquisition application for the equipped camera.  Click “Sequence Pane” and select “Hard Disk Record” on the pane. In the Scan Settings section, set the “Frame Count” to 900 or any other total frame number desired [1-SCREEN/LM].
3.5.1. LAB MEDIA Talent starts image acquisition software.  Talent clicks “Sequence Pane” and selects “Hard Disk Record”.  Then talent sets “Frame Count” to 900. 
3.6. In the “Capture” pane, set the exposure time at 30 ms, and Binning to 2 x 2 [1-SCREEN/LM-TXT].
3.6.1. LAB MEDIA Talent sets exposure time to 30 ms and binning to 2 x 2 (TEXT: i.e., 33.3 fps)
3.7. Click “Live” on the Capture pane to locate the larva in the camera view and focus, and then click “Stop Live” and click the “Start” button [1-SCREEN/LM]. Save the movie in .cxd format and analyze the data according to the text protocol [2-SCREEN/LM].
3.7.1. LAB MEDIA Talent clicks “Live” to locate larva in camera view, then clicks “Stop Live” and clicks the “Start” button.
3.7.2. LAB MEDIA Talent saves movie in .cxd format
4. Assessment of Behavioral Consequences Following Laser Ablation
4.1. After setting up the behavioral recording system and placing a larva into a recording chamber according to the text protocol [1-CU], use a micropipette to collect 50 paramecia [2-SCOPE] and place them in the recording chamber [3-ECU].
4.1.1. Talent finishes placing larva in recording chamber
4.1.2. LAB MEDIA Talent collects paramecia Author Note: No LAB MEDIA can be available for this step.
4.1.3. Talent places paramecia in recording chamber
4.2. To place a cover slip on top of the recording chamber, put a small drop of water on the cover slip [1-ECU] before placing it on the water surface of the recording chamber to avoid introducing air in the chamber [2-CU-TXT].
4.2.1. Talent places small drop of water on cover slip
4.2.2. Talent places cover slip on recording chamber (TEXT: Refer to text protocol for additional details) 
4.3. Place the recording chamber in the lighting system [1-CU].   Then start the time-lapse recording at 10 frames per sec for 11 min.  Finally, carry out analysis according to the text protocol [2-SCREEN/LM-TXT].
4.3.1. Talent places recording chamber in lighting system
4.3.2. LAB MEDIA Talent starts time lapse recording at 10 fps for 11 min (TEXT: 6,600 frames)  
5. Results: Assessment of Laser Ablated Pretectal Neurons with Calcium Imaging 
5.1. In this experiment with the Gal4 line that labels nuclei in the pretectal area and a subpopulation of olfactory bulb neurons, the pretectal neurons were laser ablated bilaterally.  Olfactory neurons were ablated as a control [1-LM-TXT].
5.1.1. LAB MEDIA Figure 2A, Editor: for the pretectal area, add in the ‘Before’ top and bottom panels for the pretectal neurons.  Then add in the ‘Before’ top and bottom panels for the Olfactory bulb when these neurons are mentioned.  For ‘pretectal neurons were laser ablated bilaterally,’ add in the ‘After’ panels for the pretectal neurons.  For the last sentence, add in the ‘After’ panels for the olfactory bulb neurons.
5.2. The results show that the two-photon laser can ablate targeted cells while leaving adjacent neurites unaffected [1-LM].
5.2.1. LAB MEDIA Figure 2B, Editor: add in the before then after panel, then use arrows to point out the area in the ‘After’ panel where the bright spots have disappeared.  Then for ‘while leaving adjacent neurites unaffected, point out the bright spots in the upper portion of the ‘After’ panel.
5.3. In this experiment, the functional connectivity of pretectal neurons that project their axons toward the ILH ipsilaterally were investigated [1-LM].  Both the pretectum and the ILH showed neuronal activity in the proximal presence of prey, suggesting that both neuronal activities are visually driven [2-LM].
5.3.1. LAB MEDIA Figure 4A, Editor: add the panel without the yellow circles or text.  Then add in the pretectum circles (and text) and then the ILH circles when each pair is mentioned.
5.3.2. LAB MEDIA Figure 4B (pretectum), C (ILH), Editor: add in both panels, then label panel B as ‘Pretectum’ and panel C as ‘ILH.’
5.4. Calcium imaging was also used to observe neuronal activity in the pretectum and the ILH in pretectel neuron-ablated larvae.  The left pretectum that was laser-ablated showed residual to no neuronal activity [1-LM].  
5.4.1. LAB MEDIA Figure 4D, top left
5.5. In addition, the ipsilateral ILH displayed dramatically reduced neuronal activity, suggesting that the major input to the ILH comes from the ipsilateral pretectum [1-LM].
5.5.1. LAB MEDIA Figure 4D, bottom right
5.6. In contrast, the ILH on the other side of the laser-ablated pretectum [1-LM] showed neuronal activity comparable to the neuronal activity in the ipsilateral pretectum, which suggests that the right ILH is receiving inputs from the right pretectum [2-LM].
5.6.1. LAB MEDIA Figure 4D bottom right
5.6.2. LAB MEDIA Figure 4D, top right, Editor: add this in when the ipsilateral pretectum is mentioned.




6. Conclusion (said by authors on camera)

6.1. Akira Muto: Once mastered, laser ablation can be done in about one hour for each zebrafish larvae.
6.2. Akira Muto: While attempting this procedure, it’s important to remember to ablate only the targeted neurons with proper laser irradiation, avoiding heat damage by the laser.
6.3. Akira Muto: Following this procedure, ablation of neurons in other brain areas, like forebrain or hindbrain can be performed in order to answer additional questions like how these neurons are involved in cognitive functions or motor functions.
6.4. Akira Muto: After its development, this technique paved the way for researchers in the field of behavioral neuroscience to explore functional neural circuits in zebrafish models.
6.5. Akira Muto: After watching this video, you should have a good understanding of how to specifically laser-ablate neurons in the zebrafish larval brain and assess the functional and behavioral consequences.
6.6. Akira Muto: Don't forget that working with a laser can be extremely hazardous and always comply with the manufacturer’s instructions while performing this procedure.   


Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
1.1 Fig1A_supplementary_Movie_20130116_2147_preycapture.wmv 
1.1  Fig4C_Supplementary_Movie_20150908_Data59_2501-3000CropContrast(100fps).avi (Prey perception and neuronal activation
2-6  Fig2A_left_SupplementaryMovie_20160225_Before and Image 21After20xObj_With100umBar(8bit).avi 
4.3 Fig5E_Supplementary_Movie_20160219_192314_201-300(10fps).avi (Prey capture in the recording chamber)
5.1  Fig2A_right_Supplementary_Movie_20160229_Before and Image 33After ScaledByHalfWith100umBar.avi (olfactory ablation control experiment)


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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