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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___No______  (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)__Yes______ 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 steps using the step numbers listed in this document. ____________from step 3 to 7_(step 7: software usage for images acquisition)_

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.__Step 6 and 7__

E.  Will the filming need to take place in multiple locations? (Y/N) __No (everything will happen on the same floor of the same building)_____ If yes, how far apart are the locations? _

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:

The overall goal of the following experiment is to visualize chondrocyte intercalation and extension via zebrabow clonal cell analysis. (Intro)
This is achieved by generating a sox10:ERT2-Cre;Zebrabow-M line to achieve tissue specific recombination in the craniofacial cartilage and embryos for clonal analysis. (P1, Editor, begin with the two fish at the top of the schematic. Have them ‘swim’ in from either side and meet in the middle and add the x and the ‘Tg’ text.  Then for the embryos, bring in the dish with the 4 eggs with a clear solution)
Next, the embryos are pulsed with Tamoxifen at the 10 somite stage for 3 hours in order to induce the recombination process. (P2, Editor, add the word Tamoxifen and ‘pour’ it into the plate and add the blue to the solution to the plate.)

Then embryos are selected for the expression of Cre activity and strong red fluorescent, or RFP expression and the embryos are mounted for imaging of craniofacial cartilage. (P3, Editor, bring in the white fish with the blue eyes and then the all-red fish next to it when mentioned.  Then ‘merge’ the two embryos, zoom out on them, and place the single fish into the center of the panel below the fish of the rectangle, two squares, and the fish in the middle.)
The results show multispectral cell analysis of the craniofacial chondrocytes based on confocal imaging. (P4, Editor, use the bottom panel of the blue, green, and fuscia shapes.  Begin with the left ‘3 dpf’ group with the arrows, then transition to each group to the right, one at a time.)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name __Dr. Liao: The main advantage of this technique over existing methods, like Alcian blue staining or transgenic lines such as sox10:GFP/sox10:kaede, is that Zebrabow allows us to specifically observe and follow clonal cell populations involved in an organ formation.   

1.2. **Author name Dr. Liao: Demonstrating the procedure will be Irving, a research fellow and Lucie, a postdoc from my laboratory. 
1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):

2. Embryo Collection
2.1. TEXT ON WHITE BACKGROUND:  All buffers, reagents, sox10:ERT2-Cre and sox10:ERT2: Zebrabow-M transgenic zebrafish were prepared according to the text protocol [2.1.1-TXT].
2.1.1. TEXT of the above statement

2.2. To prepare for embryo collection, on day 1, set up several male and female pairs [2.2.1-WIDE] of sox10:ERT2-Cre;Zebrabow-M transgenic zebrafish in divided mating tanks between 5 and 6 pm [2.2.2-MED/CU].  

2.2.1. Talent opens tank of fish and scoops fish into mating tank

2.2.2. Shot of labeled tanks showing the sox10:ERT2-Cre:Zebrabow-M label as talent finishes setting up fish

2.3. The following morning when the lights come on [2.3.1-WIDE], pull the dividers and allow the fish to mate [2.3.2-CU].  Around noon, collect the eggs into Petri dishes [2.3.3-CU] and add 15 ml of pronase solution [2.3.4-CU].
2.3.1. Fish room goes from dark to light as lights come on

2.3.2. Talent removes dividers and fish begin to mate

2.3.3. Talent transfers eggs into Petri dishes
2.3.4. Talent adds pronase solution
2.4. Incubate the embryos for 1 to 5 minutes until ~60% of the embryos have been dechorionated [2.4.1-LM].  Then stop the reaction by decanting the solution [2.4.2-CU] and use fresh E3 medium to wash the embryos 3 times [2.4.3-CU].
2.4.1. LAB MEDIA Embryos with ~60% dechorionated

2.4.2. Talent decants solution

2.4.3. Talent adds E3 medium and swirls

2.5. In E3 medium, incubate the dechorionated embryos at room temperature overnight and let them develop to the 10 somite stage [2.5.1-MED].  
2.5.1. Talent sets embryos on bench and walks away
3. Tamoxifen Treatment and Embryo Selection (Authors will provide images and screen capture for shots indicated by [SCREEN/LM]
3.1. The following day, after verifying under a light microscope [3.1.1-MED] that the embryos have reached the 10 somite stage [3.1.2-SCREEN/LM], under a fluorescent microscope with an RFP filter, isolate the bright red embryos [3.1.3-SCREEN/LM] and transfer them to a new Petri dish with fresh E3 medium [3.1.4-CU].  

3.1.1. Talent sitting at light microscope
3.1.2. LAB MEDIA Image of embryos at 10-somite stage

3.1.3. LAB MEDIA of bright red embryos
3.1.4. Talent transfers embryos to new petri dish
3.2. To induce Cre-recombination, add 10 uM hydroxytamoxifen solution to the Petri dish [3.2.1-CU] and incubate the embryos at 28.5°C for three hours [3.2.2-WIDE].  Then decant the tamoxifen solution into a biological waste container [3.2.3-MED/CU] and use E3 to wash the embryos several times [3.2.4-CU].
3.2.1. Film as written

3.2.2. Talent places embryos into incubator

3.2.3. Film as written

3.2.4. Talent adds E3 medium to embryos in dish

3.3. After incubating the embryos overnight to the 28-29 somite stage [3.3.1-SCREEN/LM-TXT], transfer the embryos to E3-PTU solution [3.3.2-CU] and return them to the incubator [3.3.3-FF].
3.3.1. LAB MEDIA Embryos at the 28-29 somite stage (TEXT: ~24 hpf),

3.3.2. Talent transfers embryos to E3 with PTU – have solution labeled in background

3.3.3. FREEZE FRAME from 3.2.2

3.4. To visualize the fully developed craniofacial structures, select embryos [3.4.1-MED] at 4 dpf with an intense red signal and yellow, Cre expression in the retina [3.4.2-SCREEN/LM].
3.4.1. Talent sitting at scope looking at embryos

3.4.2. LAB MEDIA Embryos with red signal and Cre expression

4. Mounting Embryos in Methylcellulose and Fluorescence Microscopy
4.1. After anesthetizing an embryo in tricaine according to the text protocol, transfer it into a Petri dish containing a drop of methylcellulose [4.1.1-CU/ECU].
4.1.1. Talent scoops up embryo and transfers into Petri dish

4.2. On a clean confocal slide, place a drop of fresh methylcellulose [4.2.1-CU] and use a microloader tip to mount the embryo, positioned dorsally while taking care not to directly touch it [4.2.2-CU/ECU].
4.2.1. Film as written
4.2.2. Talent mounts embryo dorsally without touching it

4.3. With a 25 x 25 coverslip, cover the embryo and use the coverslip to manipulate the embryo if necessary [4.3.1-ECU].
4.3.1. Film as written

4.4. To image the embryo [4.4.1-MED], use a 20x dry lens objective to focus on the subject [4.4.2-SCREEN/LM-TXT].
4.4.1. Talent sitting at scope focusing

4.4.2. LAB MEDIA Talent focuses on subject (TEXT: 0.75 N.A, 2.0 µm pinhole)
4.5. Press the L100 button on the microscope [4.5.1-CU], then select the confocal setup button, click ‘auto’ and select the CFP for channel 1, GFP for channel 2, and RFP or mCherry for channel 3.  Then close the window [4.5.2-SCREEN/LM].
4.5.1. Film as written

4.5.2. Talent selects confocal setup, chooses channels, then closes window

4.6. Turn on channels 2 and 3 before clicking the ‘remove interlock’ button [4.6.1-SCREEN/LM].  Then click ‘play’ to begin scanning [4.6.-SCREEN/LM].
4.6.1. LAB MEDIA Talent turns on channels 2 and 3 then clicks remove interlock

4.6.2. LAB MEDIA Talent clicks play to begin scanning

4.7. To focus on the structure of interest, start with half a frame per second and high voltage, or HV at 150 and adjust the settings accordingly [4.7.1-SCREEN/LM].  Then change the Z position to find both the YFP and RFP positive cells [4.7.2-SCREEN/LM].  

4.7.1. LAB MEDIA Record as written

4.7.2. LAB  MEDIA Record as written

4.8. After adjusting the settings, capture the desired images [4.8.1-SCREEN/LM] and save in the confocal’s software format as well as in TIFF format for image processing by channel [4.8.2-SCREEN/LM]. 
4.8.1. LAB MEDIA Record as written

4.8.2. LAB MEDIA Record as written

4.9. To carry out CFP imaging, turn off channels 2 and 3 and turn on channel 1 [4.9.1-SCREEN/LM].  Without changing the focus area, readjust the scan settings before capturing images [4.9.2-SCREEN/LM].  Save images as just described and carry out image processing as described by Pan and colleagues [4.9.3-MED OVER SHOULDER-TXT] 

4.9.1. LAB MEDIA Record as written
4.9.2. LAB MEDIA Record as written
4.9.3. Talent saves images (TEXT: Pan, Y. A. et al. Development 140, 2835-2846, doi:10.1242/dev.094631 (2013)).
5. Results: Chondrocyte Intercalation and Directional Proliferation in ubi:Zebrabow-M;sox10:ERT2-Cre Transgenic Zebrafish
5.1. As shown here, traditional cartilage visualization by whole mount Alcian blue staining has been invaluable in observing the developing Meckel’s cartilage, and commonly used to visualize final cellular organization [5.1.1-LM].
5.1.1. LAB MEDIA Figure 1B
5.2. To further analyze the developing chondrocytes over time, lineage tracing using sox10:Kaede transgenic lines has been used to study cell migration, and convergence and extension in live embryos [5.1.2-LM].
5.2.1. LAB MEDIA Figure 1A, Editor, place side by side with B
5.3. Using live imaging of the Zebrabow-M transgenic line to further study the organization of chondrocytes in the craniofacial skeletal structure reveals the process of chondrocyte intercalation and elongation that mediates the extension and growth of Meckel’s cartilage [5.3.1-LM].
5.3.1. LAB MEDIA Figure 1D-G, Editor, point out the fluorescent green disc like structures on the right side of the image and some of the longer looking, overlapping green signal on the left side of the image.
5.4. This figure shows the lower jaw from ubi:Zebrabow-M;sox10:ERT2-Cre transgenic embryos between 3 dpf and 5 dpf.  The lower jaw is best pictured ventrally to allow clear views of both mandibular growth centers.  As shown here, the stably maintained and inherited colors allow easy lineage tracing and cranial neural crest cell fate mapping [5.4.1-LM].
5.4.1. LAB MEDIA Figure 2A-D, Editor, add in the panels one at a time in alphabetical order, for the first sentence.
5.5. The single blue cell appears to migrate and intercalate with its neighboring cells, then elongates along the anterior-posterior axis to form a uniformly shaped chondrocyte, thus maintaining the global shape of the Meckel’s cartilage as it extends anteriorly [5.5.1-LM].
5.5.1. LAB MEDIA Figure 2A-D, Editor, add in the black arrowheads one at a time (A,B,C,D) 
6. Conclusion (said by authors on camera)
6.1. Author name __Dr. Liao: This technique paves the way for researchers in the field of cartilage development to examine chondrocytes intercalation in zebrafish skeletal formation. 
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.
52935_screenshot_RFP_channel_scan.jpeg

52935_screenshot_GFP_channel_scan.jpeg

52935_screenshot_CFP_channel_scan.jpeg

52935_merge_image.jpeg
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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


