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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)    Y
Can you record movies/images using your own microscope camera? (Y/N)   Y
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)     Y     
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.) 
2.4.3 (transparency of embryos before and after clearing), 3.3.3 (mounting of sample), 3.6 (samples positioning within light paths during image acquisition), 4.4
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.) 3.3.3 and 3.6
E.  Will the filming need to take place in multiple locations? (Y/N)      Y    If yes, how far apart are the locations? 3 minutes walking distance, first floor of the opposite building

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this protocol is to allow qualitative and quantitative assessment of motor neurons’ axon navigation trajectories and arborization patterns by using light sheet microscope and image analysis software upon whole mount immunostaining of transgenic mouse embryos.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dr. Jun-An Chen: This method can help to understand motor neuron development in coordination with complex movements [1-MED]. 
1.1.1. Named author states the above, looking slightly off camera, interview style
1.2. Dr. Jun-An Chen: The main advantage of this technique is that you can observe and image axon arborization patterns of motor neurons from various angles and quantitatively analyze each individual nerve [1-MED].   
1.2.1. Named author states the above, looking slightly off camera, interview style 

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Dr. Jun-An Chen: Demonstrating this procedure will be Ya-Ping Yen and Ee Shan Liau, two graduate students 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.


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 Academia Sinica.








Protocol: (read by voice talent at JoVE)
2. Fixation and Whole-mount Immunostaining
2.1. To begin this procedure, fix the embryos individually in a 24-well plate at 1 mL of freshly prepared 4% paraformaldehyde in PBS per well [1-MED-over the shoulder] at 4 °C on a shaker overnight [2-CU-TXT]. The next day, wash the fixed embryos at least 3 times, each for 5-10 minutes, with 1 mL of 1x PBS [3-MED-over the shoulder-TXT], and incubate them overnight at 4 °C [4-MED-TXT]. (with?)
2.1.1. Talent places the embryos individually in a 24-well plate. 
2.1.2. CU the plates as they are placed on a shaker at 4 °C. Text: Overnight, 4 °C
2.1.3. Talent washing the embryos with PBS. Text: 3 times, 5-10 min each time
2.1.4. Talent places the embryos in the refrigerator. Text: Overnight, 4 °C
2.2. Next, permeabilize each embryo in 1 mL of 0.5% PBST overnight at 4 °C on a shaker [1-CU-TXT]. Block each sample with 1 mL of 10% FBS prepared in 1x PBS overnight at 4 °C on a shaker [2-CU-TXT]. Subsequently, incubate each embryo with 1 mL of anti-GFP primary antibody [3-MED-over the shoulder-TXT] at 4 °C for 72 hours with constant shaking [4-MED-TXT]. 
2.2.1. CU the plate as solution is added to permeabilize the embryo. Text: PBST: PBS-Tween 20, overnight, 4 °C
2.2.2. CU the plate as blocking solution is added. Text: Overnight, 4 °C
2.2.3. Talent adding anti-GFP primary antibody to the embryo. Text: 1:1,000 dilution in 10% FBS
2.2.4. Talent places the sample on a shaker in the refrigerator. Text: 4 °C, 72 h  1:1,000 dilution in 10% FBS, 
2.3. After the primary antibody incubation, wash each embryo with 1 mL of 0.5% PBST [1-MED] over the course of 1–2 days at 4 °C on a shaker [2-CU-TXT]. Afterward, apply 1 mL of secondary antibody [3-MED] and incubate overnight in the dark at 4 °C with constant shaking [4-CU-TXT] [3-MED-TXT].
2.3.1. Talent adding PBST to the embryo. 
2.3.2. CU the plate as it is placed on a shaker at 4 °C. Text: 1-2 days, 4 °C
2.3.3. Talent adding secondary antibody to the embryo. Text: 1:1,000 dilution in 10% FBS
2.3.4. CU the plate as it placed on a shaker at 4 °C. Text: 1:1,000 dilution in 10% FBS, overnight, 4 °C
2.4. [bookmark: _GoBack]The following day, wash each embryo with 1 mL of 0.5% PBST at least 3 times [1-MED-over the shoulder] at 4 °C on a shaker over the course of 2–3 days [2-MED-over the shoulder-TXT]. Then, incubate each embryo in a commercial clearing reagent with a refractive index of 1.47 nD in a 1.5 mL tube, protected from light at room temperature overnight [3-CU MED-over the shoulder-TXT] to achieve cleared embryo [4-CU].
2.4.1. Talent adds PBST to the embryo 
2.4.2. Talent places the plate on a shaker at 4 °C.  Text: 3x, 4 °C, 2-3 days
2.4.3a. [Added Shot]: CU Embryo before clearing. (Author Comment: This video can be optional) (Editor: This can be used before or along with 2.4.3 if it looks good. Omit it if it does not)
2.4.3. CU the embryo to show its transparency before clearing. Text: RT, overnight  MED-over the shoulder: Talent transfers embryo into 1.5ml tube filled with clearing reagent and incubate sample in dark. Text: RT, overnight
2.4.4. CU the embryo to show its transparency after clearing  CU comparison of sample before and after clearing. 

3. Sample set-up  
3.1. Set up 5X/0.1 illumination optics and 5X/0.16 detection optics [1-MED-over the shoulder-TXT]. Assemble the sample holder and sample capillary [2-MED-over the shoulder-TXT]. Prepare the sample chamber by filling it with clearing solution [3-MED-over the shoulder]. 
3.1.1. Talent setting up the chamber and adjusting optics. Text: Illumination optics: 5X/0.1, Detection optics: 5X/0.16
3.1.2. *Film as written. Text: 1.5 mm internal diameter, green
3.1.3. [Added Shot]: Preparation of sample chamber. 
3.2. To mount the embryo, prepare a P200 pipette tip by cutting away the upper part so that it fits the diameter of the capillary, and remove the pointed part for the sample attachment [1-CU]. 
3.2.1. CU a pipette as the upper part is cut and the pointed part is removed
3.3. Then, melt the blunted end of the pipette tip using a small flame until it is singed [1-CU]. Extinguish the flame immediately by flicking the pipette tip [2-MED-over the shoulder] and quickly attach the embryo vertically onto the singed end [3-CU].
3.3.1. *Film as written
3.3.2. *Film as written
3.3.3. CU the embryo as it is attached onto the singed end of the pipette
3.4. Fit the upper part of the pipette tip with the sample capillary [1-CU] and put the prepared sample chamber into the microscope [2-MED-over the shoulder]. [2-CU]. 
3.4.1. *Film as written
3.4.2. CU the embryo in the chamber. Slot in the prepared sample chamber into the microscope. 
3.5. Using the imaging software, select “Locate capillary” under the “Locate” tab and adjust the x, y, z axes [1-SCREEN]. Next, select “Locate sample” and zoom to 0.6X to focus on the embryo. Allow the chamber buffer to equilibrate with the embryo for some time to clear off any debris or bubbles [2-SCREEN]. 
3.5.1. *To be submitted by authors. Show that under the “Locate” tab, “Locate capillary” is selected and x, y, z axes are adjusted
3.5.2. *To be submitted by authors. Show that “Locate sample” is selected and it is zoomed to 0.6X to focus on the embryo, chamber buffer is equilibrating with the embryo. 
3.6. For image acquisition, under the “Acquisition” tab, define the light path parameters such as detection objectives, laser blocking filter, beam splitter, cameras, and lasers [1-SCREEN]. Check the pivot scan checkbox for shadow reduction. Then, define the acquisition settings: bit depth to 16 bit; zoom to 0.36–0.7X; single-side illumination or dual-side illumination [2-SCREEN].
3.6.1. *To be submitted by authors. Show that light path parameters are defined under the “Acquisition” tab
3.6.2. *To be submitted by authors. Show that the pivot scan checkbox is checked and the acquisition settings are defined.
3.7. Click “Continuous” and set the laser intensity, exposure time, laser power, and light sheet position. Subsequently, press “STOP” to end image acquisition [1-SCREEN].
3.7.1. *To be submitted by authors. Show that Continuous is clicked and the parameters are set. Then, “STOP” is pressed
3.8. Ya-Ping Yen:  It is important to ensure that the transparent sample is positioned within the shortest light path to allow detailed acquisition of images of fine arborized structures on individual motor nerves [1-MED].
3.8.1. Interview style
3.9. For multidimensional acquisition, define the z-stack by moving the Z position for the first and last image. Click “Optimal” to set the slice number [1-SCREEN]. Then, click “Start Experiment” to acquire the selected z-stack [2-SCREEN]. When it is done, save the image in .czi format [3-SCREEN].
3.9.1. *To be submitted by authors. Show that z-stack is defined and “Optimal” is clicked to set the slice number
3.9.2. *To be submitted by authors. Show that the image is saved


4. Quantification of Axon Arborization 
4.1. To quantify axon arborization, open the image file in the imaging analysis software [1-MED-over the shoulder]. Adjust the image color, brightness, and contrast using the “Display Adjustment” window to detect filaments based on local intensity contrast [2-SCREEN]. Next, click on the “Add New Filaments” icon and select the “Autopath” algorithm in the drop-down menu [3-SCREEN]. 
4.1.1. Talent opens the file in the imaging analysis software on the monitor
4.1.2. *To be submitted by authors. Show that the parameters are adjusted using “Display Adjustment” window
4.1.3. *To be submitted by authors. Show the procedure described
4.2. Select the region of interest. Then, define the starting and seed points by assigning the largest and thinnest diameter measurements, which can be measured using the Slice mode [1-SCREEN]. 
4.2.1. *To be submitted by authors. Show that region of interest is selected and the starting and seed points are defined
4.3. Assign a starting point at the edge of the region of interest. To achieve manual addition or removal of starting points, first change the pointer mode (Navigate | Select) and then Shift + right-click at the points of interest [1-SCREEN]. 
4.3.1. *To be submitted by authors. Show that a starting point at the edge of the region of interest is assigned by first changing the pointer mode (Navigate | Select) and then Shift + right-click at the points of interest
4.4. Next, select manual thresholds for seed points to ensure that all of the visible arborization is marked. Then, manually add or remove seed points [1-SCREEN]. [2-SCREEN]. 
4.4.1. *To be submitted by authors. Show that manual thresholds for seed points are selected 
4.4.2. *To be submitted by authors. Show that the box “Remove seed points” around starting points is checked
4.5. Check the box “Remove disconnected segments” and “Remove seed points around starting points” [1-SCREEN]. Subsequently, adjust the threshold for background subtraction and finish the process [2-SCREEN]. 
4.5.1. *To be submitted by authors. Show that “Remove disconnected segments” and “Remove seed points around starting points” is checked
4.5.2. *To be submitted by authors. Show the procedure described
4.6. Ee Shan Liau: It is necessary to remove background artifacts and confirm the detected paths reflect true axon arborization for accurate quantification.
4.6.1. Interview style
4.7. At the end, choose the desired style and color [1-SCREEN]. Under the Statistics tab, select “Detailed” and use “Filament No. Dendrite Terminal Points” to quantify the motor nerve terminals as an indicator of motor axon arborization [2-SCREEN]. Then, export the image of the reconstructed axon as a .tif file [3-SCREEN].
4.7.1. *To be submitted by authors. Show the procedure described
4.7.2. *To be submitted by authors. Show that “Detailed” is selected and “Filament No. Dendrite Terminal Points” is used to quantify the motor nerve terminals
4.7.3. *To be submitted by authors. Show the procedure described

5. Results: Visualization of Motor Axon Navigation and Quantitation of Axon Arborization on Individual Nerves
5.1. LSFM provides detailed 3D visualization of motor neuron trajectory and axon arborization in mouse embryos. Under the fluorescence channel, motor neurons of transgenic mouse embryos subjected to the above-described protocol are labeled with green fluorescence upon 488 nm excitation [1-LM-TXT].
5.1.1. LAB MEDIA: 57546_JAChen_Movie1.mov. Text: LSFM: Light Sheet Fluorescence Microscopy, Zoom to 0.3X
5.2. To image axon arborization in greater detail and to perform quantification, magnification can be adjusted so that every finely arborized structure can be revealed [1-LM-TXT].
5.2.1. LAB MEDIA: 57546_JAChen_Movie2.mov. Text: Zoom to 0.6X
5.3. Finally, axon arborization pattern of individual forelimb nerves can be reconstructed using image analysis software. The Autopath algorithm in the software traces filament and quantifies the total number of axon terminals [1-LM]. 
5.3.1. LAB MEDIA: 57546_JAChen_Figure4.pdf. Show the upper panel, then add the lower panel (In both panels, label nerves accordingly: suprascapular (red), axillary (pink), radial (blue), posterior brachial cutaneous (purple))
· 

6. Conclusion (said by authors on camera)
6.1. Dr. Jun-An Chen: After watching this video, you should have a good understanding of how to prepare samples and image motor neuron axons of mouse embryo using light sheet fluorescence microscope. Also, you will know how to quantitatively assess the arborization pattern of each individual motor nerves by Imaris. 
   

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.  

3.5  - 57546_JAChen_ScreenCapture3.5.mp4 – locating capillary and sample in light sheet microscope using imaging software
3.6 - 57546_JAChen_ScreenCapture3.6.mp4 – settings for image acquisition
3.7 - 57546_JAChen_ScreenCapture3.7.mp4 – image acquisition
3.8 - 57546_JAChen_ScreenCapture3.8.mp4 – defining z-stack for multidimensional acquisition
4.1 - 57546_JAChen_ScreenCapture4.1.mp4 – Preparing for semi-automated quantitation of axon arborization
4.2 - 57546_JAChen_ScreenCapture4.2.mp4 – ROI
4.3.1 and 4.4.1 - 57546_JAChen_ScreenCapture4.3-4.4.1.mp4 – defining starting points and seed points for detection
4.5.1 - 57546_JAChen_ScreenCapture4.4.2-4.5.1.mp4 – removal of seed points around starting points and removal of disconnected segments (background noises)

4.5.2 - 57546_JAChen_ScreenCapture4.5.2-4.5.3.mp4 – detect filament traces and finish


4.7- 57546_JAChen_ScreenCapture4.6.mp4 – choose desired styles, view statistics and export image

5.1 - 57546_JAChen_Movie1.mov – light sheet fluorescence microscopy of motor axon navigation under magnification of 0.3x
5.2 - 57546_JAChen_Movie2.mov - light sheet fluorescence microscopy of motor axon navigation under magnification of 0.6x
5.3 - 57546_JAChen_Figure4.pdf – reconstruction of axon arborization of individual forelimb nerves


*Please note for changes in the numbers for screen capture videos (uploaded file vs in the final script) as we have uploaded those files before we receive the revised script from scriptwriter. Yet, we couldn’t find the “delete” button in the link for uploading file, the videos remained the same, except the file name differs as indicated: 

For example,
4.7- 57546_JAChen_ScreenCapture4.6.mp4 – choose desired styles, view statistics and export image

4.7 refers to the revised step numbers in the script
57546_JAChen_ScreenCapture4.6, the 4.6 refers to initial script and as labeled in the screen capture video file name. 

Just let me know if I should upload the files with newly-numbered names or further edit of the screen capture videos (Some steps are continuous, thus, I did not separate them accordingly to the three-digits number)


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.
 2017, Journal of Visualized Experiments

