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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y
Can you record movies/images using your own microscope camera? N
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.
Leica M60 microscope 
2. Does your protocol include software usage? 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.
Will be done
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
3.2.1, 3.3.1, 3.4.1, 3.4.2, 3.5.1, 4.2.1
4. 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.)
4.2.1. Identifying the optimal agarose solution is critical
5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? 

It can all be filmed at Indiana University Bloomington in neighboring buildings.

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. Maria Bondesson: We have developed a mounting method that allows for unrestricted growth of fragile zebrafish embryos, and at the same time keeps them in a completely fixed position for time-lapse imaging.

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

1.2. Maria Bondesson: This mounting method is fast, easy and cheap and works for live imaging on any inverted microscope.

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


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

1.3. Maria Bondesson: We developed this method for imaging of live zebrafish embryos, but it could be modified for imaging of other small aquatic animal models. 

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

Introduction of Demonstrator: (Said by you on camera)

1.4. Maria Bondesson: Demonstrating the procedure will be post doc Sanat Upadhyay and Research Scientist Leoncio Vergara. 
   
1.4.1. INTERVIEW: Author saying the above 
1.4.2. 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)

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) of the University of Houston and Indiana University. 

Section - Protocol
2. Fish Husbandry and Preparation of Solutions and Embryos
2.1. Start by breeding the adult zebrafish [1]. In the afternoon, place the fish into breeding tanks at a male to female ratio of 1 to 2 [2]. 
2.1.1. WIDE: Establishing shot of talent (Sanat) walking to the lab bench with zebrafish tank in hand. 
2.1.2. Talent transferring fish into the breeding tank. 
2.2. Then, prepare a stock solution of 1% low-melt agarose in embryo media [1] and aliquot it into 1.5 milliliter tubes [2]. Make a stock solution of 4% Tricaine in distilled water [3] and store the agarose and Tricaine at 4 C [4]. 
2.2.1. Talent preparing the low melt agarose. 
2.2.2. Talent aliquoting the agarose. 
2.2.3. Talent making a stock solution of Tricaine. 
2.2.4. Talent putting the agarose and Tricaine solution in the fridge.
2.3. Sanat Upadhyay: Tricaine is toxic and has to be weighted and prepared in a fume hood.

2.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot. Videographer: Have talent look more directly at the camera compared to other interview statements because this is a warning statement.

2.4. [bookmark: _GoBack]After mating, harvest the zebrafish embryos in E3 in a Petri dish [1] and incubate them at 26.5 C for about 28 hours before mounting [2]. Dechorionate the embryos under a microscope [3] by gently gripping and pulling the chorion apart to release the embryo [4]. 

2.4.1. Talent harvesting embryos. 
2.4.2. Talent putting the embryos in the incubator. 
2.4.3. Talent putting the dish with embryos on the microscope stand. 
2.4.4. SCOPE: Talent dechorionating an embryo. 
3. Mounting in Agarose and Optimization of Agarose Solution 
3.1. Just before mounting, heat the agarose solution to 65 C [1] and then let it cool to approximately 30 C so the embryo is not harmed by the heat [2]. Use 35-millimeter glass bottom dishes with a number 0 cover glass bottom [3].
3.1.1. Agarose heating. 
3.1.2. Talent removing agarose from heat. 
3.1.3. The glass bottom dish.
3.2. Gently place a dechorionated embryo with one of its lateral sides toward the bottom of the dish with a glass pipette or a micropipette [1-TXT], then carefully remove any remaining E3 with a micropipette [2]. Videographer: This step is important!
3.2.1. Talent placing the embryo in the dish and properly positioning it. TEXT: Cut micropipette tip to fit embryo
3.2.2. Talent removing remaining E3. 
3.3. Add the first agarose solution to the small well created by the coverglass attached to the bottom of the dish to cover the embryo, making sure that the agarose covers the small well but does not overflow it [1-TXT]. Videographer: This step is important!
3.3.1. Talent adding the first agarose layer to the well. TEXT: Layer 1 Videographer: Obtain multiple usable takes of this shot because it will be reused. 

3.4. Cover the small well with a cover glass to create a narrow, agarose-filled space with the embryo between the two cover glasses [1-TXT]. Place a layer of 1% agarose solution on top of the cover glass all over the bottom of the dish, which will keep the cover glass in place as it solidifies [2-TXT]. Videographer: This step is important!

3.4.1. Talent putting a cover glass over the well. TEXT: 22 mm x 22 mm
3.4.2. Talent adding agarose on top of the cover glass. TEXT: Layer 2 

3.5. Then, fill the remaining portion of the dish with E3 containing 0.02% Tricaine to keep the system hydrated [1-TXT]. Videographer: This step is important!

3.5.1. Talent filling the remaining portion of the dish with E3. TEXT: Layer 3

3.6. To identify the optimal agarose concentration for Layer 1, mount the embryos in increasing concentrations of agarose [1-TXT] and perform time-lapse imaging to identify the concentration that minimizes embryo distortion and motility, then test a finer range of concentrations based on the results [2]. 

3.6.1. Use 3.3.1. TEXT: 0.01 – 1% agarose
3.6.2. WIDE: Talent (Leoncio) at the microscope setting up the time lapse imaging. 

3.7. Sanat Upadhyay: The most critical step of this protocol is to identify the optimal concentration of agarose for Layer 1. Test different narrow concentrations of agarose such as 0.030%, 0.032% etc. to find the optimal concentration.   

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

4. Time-lapse Imaging Videographer: Film the screen for all ‘SCREEN’ shots.

Video Editor: Authors indicated that they may upload screen capture footage. If they don’t, use a combination of author submitted screenshots and videographer footage for this section. 

4.1. To perform time-lapse imaging of the embryos, use a microscope stage with an incubator set to 28.5 C and image for up to 55 hours [1]. To simultaneously image several embryos, use a stage adaptor that holds several dishes and rotate the dishes one-by-one so that the embryos are horizontally positioned [2].

4.1.1. Talent putting the dish with the embryo on the microscope stage.
4.1.2. Talent rotating dishes so that the embryos are horizontal.  

4.2. Select a low magnification objective [1], then locate the embryos using the eyepiece and finely align them horizontally by rotating the dishes [2]. Record the embryos’ location in the software and create a file name for auto-saving the data [3]. Videographer: This step is difficult and important!

4.2.1. SCREEN: Low magnification selected or LAB MEDIA: Step 6.2 and 6.3 Select objectives.jpg. Video Editor: Emphasize the 4 X objective. 	Comment by Anastasia Gomez: Authors: If you would like to include these screen shots in your video, please upload additional, higher resolution (preferably 1920 X 1080), versions of these images without any arrows. With the current resolution, these images will look blurry when blown up on the screen.  Alternatively, instead of cropping the relevant parts on each image, leave it as a full screenshot. Our video editors will emphasize the important settings. 
4.2.2. SCREEN: Embryos being aligned.
4.2.3. SCREEN: Embryo location being recorded and file name created. 

4.3. Set the pinhole size, scan speed, image size, and zoom [1]. Then, select a higher magnification for capturing images and the fluorescence channels to be imaged [2]. For each channel, adjust the laser power and the detector high voltage, making sure to collect the best dynamic range possible while avoiding saturation and limiting photobleaching [3]. 

4.3.1. SCREEN: Pinhole size, scan speed, image size, and zoom being adjusted or LAB MEDIA: Step 6.4 Set pinhole size etc.jpg Video Editor: Emphasize the settings labeled 1, 2, and 3. 
4.3.2. SCREEN: Higher magnification selected or LAB MEDIA: Step 6.2 and 6.3 Select objectives.jpg. Video Editor: Emphasize the 10 X and 20 X objective.
4.3.3. SCREEN: Laser power and detector high voltage being adjusted or LAB MEDIA: Step 6.4 Set pinhole size etc.jpg Video Editor: Emphasize the fluorescence channels settings (488 and 561).

4.4. Next, to image the whole embryo with the 10 X objective, set the “large image” capture settings in the software to image several fields of view and stitch them together [1], adjusting the position of the embryo to make sure it fits within this “large image” area [2]. 

4.4.1. SCREEN: Settings to capture a “large image” selected, including the number of fields and the percentage of overlap for stitching or LAB MEDIA: Step 6.5 A Set scan area.JPG Video Editor: Emphasize the Large Image selection and Scan Area settings 
4.4.2. SCREEN: “scan large image” function of the software used to obtain a low magnification preview showing the outlines of the high magnification fields and position of the embryo adjusted or LAB MEDIA: Step 6.5 B Sset scan area.jpg Video Editor: Emphasize the preview image. 

4.5. Configure the settings for capturing Z-stacks according to manuscript directions [1]. In order to maintain focus of multiple embryos during long-term time-lapse imaging, use an automated focus and adjust the individual offset levels for each embryo to focus at the ‘Reference plane’ [2]. 

4.5.1. SCREEN: Z-stack settings being configured. or LAB MEDIA: Step 6.6 Set Z-stacks.jpg. Video Editor: Emphasize where the yellow arrow is pointing.
4.5.2. SCREEN: Autofocus offsets being set or LAB MEDIA: Step 6.7 Set PFS.jpg. Video Editor: Emphasize the PFS settings where the yellow arrows are pointing.

4.6. Then, set up time-lapse parameters in the microscope software to image for a duration of 55 hours at 1-hour intervals. At each cycle, capture 2 embryo datasets sequentially and save data automatically [1]. 

4.6.1. SCREEN: Time-lapse parameters being set or LAB MEDIA: Step 6.8 Set time-lapse parameters.JPG. 

4.7. Use the microscope software to process the images. If more than one embryo was imaged, create independent files for each embryo by splitting the datasets based on the location of the imaging [1]. 

4.7.1. SCREEN: Software opened and datasets being split.

4.8. Convert the 3D time data sets into 2D time data sets using maximum intensity projections or a similar tool [1]. Finally, create movie files by saving as .avi and selecting the no compression option with 200 millisecond intervals for a playback speed of 5 frames per second [2]. 

4.8.1. SCREEN: Data sets being converted from 3D to 2D. 
4.8.2. SCREEN: Files saved as movies.







Section – Results
5. Results: Extended Time-lapse Imaging of Zebrafish Embryos 
5.1. This layered mounting method makes it possible to image zebrafish embryos while allowing them to grow but at the same time restricting their movement [1]. If the agarose concentration is too high, the embryos become distorted [2], but if it is too low, they will move out of the field of view during time-lapse microscopy [3]. 
5.1.1. Figure 2. 
5.1.2. Figure 2. Video Editor: Emphasize the 0.1% and 0.5% images. 
5.1.3. Figure 2. Video Editor: Emphasize the 0% image. 	Comment by Maria Bondesson: There is no 0% image. That would just be an image without any fish because they moved away.	Comment by Anastasia Gomez: Authors: Please take a look at your Figure 2, at the very top there is an image labeled 0%. Is this a typo?  I was thinking to emphasize this image because the fish looks somewhat less constrained than in the images labeled with higher percentages, but we can also just show the entire figure 2 for this part of the VO. Please let me know what you think is best.
5.2. The optimal agarose concentration was found to be between 0.028 and 0.034% [1]. 
5.2.1. Figure 2. Video Editor: Emphasize the 0.03% image. 
5.3. Live transgenic zebrafish expressing RFP in the entire embryo and GFP in the endothelial cells of the vasculature were imaged for 55 hours [1-TXT], during which the intersegmental vessel sprouted, subintestinal and head vasculature developed, and caudal vein plexus condensation with trunk extension occurred [2]. 
5.3.1. Figure 3. Video Editor: Emphasize the red parts of one image when VO says ‘RFP’ and the green part of that same image when VO says ‘GFP’. TEXT: 10 X objective 
5.3.2. Supplementary Movie S1. 

5.4. Embryos expressing GFP in motor neurons were imaged to visualize motor neuron development [1-TXT]. The motor neuron axons sprout from the ventral neural tube over the somites towards the ventral side of the embryo [2]. 

5.4.1. Figure 4. TEXT: 10 X objective
5.4.2. Supplementary Movie S2. 

5.5. The co-development of the dorsal sprouting of motor neuron axons in relation to the position of intersegmental vessels was imaged using a higher magnification [1-TXT]. This made it possible to visualize the finer details of ventral axon sprouting, as well as dorsal axon sprouting from the neural tube [2]. 

5.5.1. Figure 5. TEXT: 20 X objective 
5.5.2. Supplementary Movie S3. 

5.6. As somite numbers increase, the somites also extend in length and width [1-TXT]. This process was imaged using transgenic embryos expressing GFP in muscles [2]. 

5.6.1. Figure 6. TEXT: 10 X objective
5.6.2. Supplementary Movie S4.

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

6.1. Sanat Upadhyay: Because the optimal concentration of agarose is very narrow, it is very sensitive to small variations in measurements when preparing the stock solution of agarose, and it needs to be re-defined for each new batch of agarose solution. 

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.3.1.
6.2. Leoncio Vergara: It is important to carefully set the imaging parameters, including image size and resolution, scan speed, zoom, detector high voltage and laser power, to ensure consistency between experiments and also to reduce the possibility and phototoxicity and photobleaching during long term time lapse imaging. 

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.3.1. 
6.3. Maria Bondesson: Using this mounting method for transgenic zebrafish embryos followed by extended time-lapse imaging of whole organism, we can visualize how different tissues develop together.

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