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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____Y____ 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.

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.) _3.1-3.14, 4.7, 4.8.
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.) _ 
Microscope settings are crucial for PSmOrange photoconversion (see step 4.3 and 4.4). To ensure successful photoconversion, the specimen is imaged directly after the experiment using the 640 nm laser to visualize the photoconverted PSmOrange protein. If the conversion was not successful, the procedure is repeated.
E.  Will the filming need to take place in multiple locations? (Y/N) _____N__ If yes, how far apart are the locations? 

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 the PSmOrange photoconversion technology is to track cells in the living animal during embryonic development and disease. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Matthias Carl: This method can help answer key questions in the field of developmental biology, such as uncovering the origin of cells, which develop into tissues and organs.

1.2. Matthias Carl: The main advantage of this technique is that it can be applied in GFP transgenic backgrounds.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Carlo Beretta: Though this method can provide insight into embryonic development, it can also be applied in other fields of investigation, such as regeneration or tumor progression and invasion.

Protocol (read by voice talent at JoVE):

2. PSmOrange Photoconversion
2.1. After generating and embedding PSmOrange and GFP expressing embryos according to the text protocol [2.1.1-WIDE/MED], place the embryo under the confocal microscope and use the 20X air objective [2.1.2-MED/CU-TXT] and 488 and 561 nm lasers to scan the specimen to identify an area to photoconvert [2.1.3-SCREEN/LM]. 
2.1.1. Talent at bench places embedded samples on bench and removes one from slide/sample holder

2.1.2. Talent places embryo on stage of microscope with 20X objective (TEXT: NA: 0.75; WD 1.0 mm; FOV: 0.64 x 0.64 mm)

2.1.3. SCREEN of talent scanning specimen

2.2. To detect the PSmOrange protein before photoconversion, use the 561 nm laser at 0.74 mW of power measured at the focus plane above the objective and adjust the laser power as necessary [2.2.1-SCREEN/LM].
2.2.1. Record as written

2.3. Adjust the zoom factors to highlight the area of interest and reduce image acquisition time and phototoxicity [2.3.1-SCREEN/LM].  

2.3.1. Talent adjusts zoom factors to highlight area of interest

2.4. Using the 488 and 561 nm lasers in sequential mode and a z-step between 1.0 and 2.0 um, acquire a z-stack covering the structures of interest [2.4.1-SCREEN/LM].  Adjust the line average and scan frequency to optimize the image quality [2.4.2-SCREEN/LM]. [2.4.1-SCREEN/LM].  
2.4.1. Record as written

2.4.2. Record as written

2.5. Then scan the sample and select the region of interest, or ROI tool to highlight the area to photoconvert before fixing the ROI as the stimulation area [2.5.1-SCREEN/LM].  
2.5.1. Record as written

2.6. Select the photoactivation/bleaching module, check the box to activate the 488 nm laser, then set the 488 nm laser to 80% and the scan speed to 0.5 sec/Frame [2.6.1-SCREEN/LM-TXT].
2.6.1. Record as written (TEXT: 1 mW laser power measured at objective), Editor, bring in text when setting the laser power to 89% is mentioned.

2.7. Next, open the photoconversion utility and click on “Add” to specify the photoconversion protocol [2.7.1-SCREEN/LM].
2.7.1. Record as written

2.8. In the ‘Acquisition/Stimulation” menu, set “Phase” 1 to ‘Acquisition’ and in the Loops menu, indicate the number of images to be acquired before photoconversion [2.8.1-SCREEN/LM].

2.8.1. Record as written 

2.9. Set “Phase” 2 to ‘Stimulation’ and enter the number of stimulation events to be performed [2.9.1-SCREEN/LM].

2.9.1. Record as written

2.10. Adjust “Phase” 3 as described for “Phase” 1.  Optionally, insert a waiting “Phase” after “Phase” 2 by entering the time to wait before the last round of image acquisition [2.10.1-SCREEN/LM].
2.10.1. Record as written

2.11. Once the parameters are set, apply the stimulation setting and run the photoconversion [2.11.1-SCREEN/LM-TXT].
2.11.1. Record as written

2.12. Carlo Beretta, for steps 3.6-3.11: Microscope settings are crucial for PSmOrange photoconversion. To ensure successful photoconversion, the specimen is imaged directly after the experiment to detect the photoconverted PSmOrange protein. If the conversion was not successful, the procedure is repeated [2.12.1-INTERVIEW].
2.12.1. Talent reciting the above statement documentary style looking off camera
2.13. Using the 488, 561, and 640 nm lasers and setting the 640 nm laser to high power up to 4.5 mW,  acquire a final z-stack with the settings just described [2.13.1-SCREEN/LM]. 

2.13.1. Record as written

2.14. To dismount the embryo, remove the chamber from the microscope [2.14.1-MED/CU] and use forceps to remove the embryo from the agarose [2.14.2-CU/ECU].

2.14.1. Film as written

2.14.2. Film as written  

2.15. Transfer the embryo into a new sterilized plastic petri-dish or sterilized 6-well plate containing 0.2 mM PTU in E3 [2.15.1-CU].  Incubate the embryo at 28°C until the desired stage of development [2.15.2-WIDE].
2.15.1. Film as written

2.15.2. Talent places embryo in incubator
3. Analyzing the Fate of Photoconverted PSmOrange Protein Expressing Cells
3.1. To analyze the fate of photoconverted PSmOrange protein expressing cells, re-embed the embryo according to the text protocol [3.1.1-CU/ECU].

3.1.1. Talent places re=embedded embryo on bench for camera
3.2. Under the confocal microscope [3.2.1-MED], scan the specimen to identify photoconverted cells in the GFP transgenic structure of interest [3.2.2-SCREEN/LM].
3.2.1. Talent place sample on microscope stage

3.2.2. Record as written
3.3. Use the 488, 561, and 640 nm lasers to acquire a z-stack with a fixed step of 1 to 2 um in sequential mode covering the structures [3.3.1-SCREEN/LM].
3.3.1. Record as written 

3.4. Using ImageJ/Fiji software, identify cells which co-express GFP and the photoconverted protein, duplicate the original stack, use the GaussianBlur plugin [3.4.1-SCREEN/LM-TXT] and the Image Calculator to subtract the smooth stacks from the original. [3.4.1-SCREEN/LM-TXT].
3.4.1. Record as written  (TEXT: ( Process ( Filters ( GaussianBlur)
Record as written (TEXT: ( Process ( Image Calculator)
3.5. Apply specific thresholds to the green and far-red channels in order to highlight the photoconverted cells [3.5.1-SCREEN/LM]. Then use the “Analyze Particles” tool to detect the threshold areas in the green channel with a suitable setting [3.5.2-SCREEN/LM]. Repeat this step for the far red channel.
3.5.1. Record as written (TEXT: ( Image ( Adjust ( Threshold)
3.5.2. Record as written (TEXT: ( Analyze ( Analyze Particles)
3.6. Open the “Image Calculator” plugin to detect the co-localizing cells. Display in yellow the overlapping ROIs in the green or the far-red channel using the “Analyze Particles” tool [3.6.1-SCREEN/LM-TXT].
3.6.1. Record as written (TEXT: ( Process ( Image Calculator)
Record as written (TEXT: ( Analyze ( Analyze Particles)
3.7. Using NIS Elements software, carry out 3D data evaluation, and display the stack in 3D using the show volume view option [3.7.1-SCREEN/LM-TXT].
3.7.1. Record as written (TEXT: ( 3D Visualization Menu ( Show Volume View)
3.8. Then use the graphic interface to select the green, red and far-red channels, adjust the brightness and the contrast, and crop the 3D stack to highlight the photoconverted area [3.8.1-SCREEN/LM]. 
3.8.1. Record as written
4. Results: Cell Tracking in the Zebrafish Pineal Complex Using PSmOrange
4.1. Shown here is an example of the PSmOrange photoconversion system in zebrafish transgenic foxD3 floating head GFP embryos.  At 26 hours post fertilization, two cell clusters in the anterior part of the pineal were photoconverted and immediately imaged. The protein was detected with the 640 nm far red laser but not with the 561 nm laser [5.1.1-LM]. 
4.1.1.  LAB MEDIA Figure 1A-F, Editor, for ‘two cell clusters’, add in the dashed circles in B.  For ‘imaged using the 640 nm far red laser, point out panel C and for ‘but not with the 561 nm laser, point out the dashed circles.

4.2. In these cells, GFP expression was initially reduced due to photobleaching [5.2.1-LM].
4.2.1. LAB MEDIA Figure 1A-F, Editor, point out panels A, D, and F here

4.3. At 52 hpf, GFP and H2B-PSmOrange were detected in the photoconverted H2B-PSmOrange protein expressing cells.  A few of these cells formed the parapineal on the left side of the brain.  This result is consistent with previous reports on the parapineal cell origin in the anterior pineal and shows the applicability of the PSmOrange technique in the living GFP-transgenic vertebrate embryo [5.3.1-LM]. 
4.3.1. LAB MEDIA Figure 1A’-F’, Editor, for the first sentence, add in the arrowheads in the 6 panels.  For ‘A few of these cells formed the parapineal,’ add in the ‘pp’ as shown in A’.  For ‘in the anterior of the pineal,’ add in the ‘P’ in panel A’.
5. Conclusion (said by authors on camera)
5.1. Matthias Carl: Following this procedure, cell-tracking analysis in genetically manipulated embryos can be performed in order to answer additional questions regarding the molecular hierarchies underlying the cells’ development.

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.

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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