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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? Y
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.
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. 2.2, 2.3, 3.1, 3.3, 3.5, 3.6
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. 
3.1: To ensure success in selecting an embryo with well-recombined and appropriately dense Brainbow expression for imaging, we first look for fish which do not have strong background fluorescence near the region of interest. We look for dTomato expression in the region of interest and pinpoint a labeled cell/structure. We then switch the epifluorescence channels to see if the identified cell/structure is also labeled with YFP and/or CFP. It is also important to select a fish in which the labeling is sparse enough in the region of interest to observe black background around the labeled cells. Fish in which FP expression appears dim under the epifluorescence dissection scope may actually be well-suited to confocal time-lapse imaging. Additionally, we may mount multiple fish that appear to have good expression when screened under the fluorescence dissection scope and examine them under the confocal microscope, so the fish with the best copy number, labeling density, and mounting orientation can be selected. 
3.6: To ensure success in mounting, we ensure fish are thoroughly anesthetized by leaving in tricaine solution for 10 minutes, remove as much E3 as possible before adding agarose, and work quickly once agarose has been removed from heat block, ceasing manipulation once the agarose begins to harden. We also often mount multiple fish and examine them on the confocal microscope before selecting one for the time lapse.

5. Will the filming need to take place in multiple locations? N
If yes, how far apart are the locations? 


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.

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

Zoe Cook: This method can help answer fundamental questions about the dynamics of neural progenitor cells and their progeny which underlie vertebrate brain development.

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

Zoe Cook: The main advantage of this technique is the ability to directly visualize multiple clusters of clonally related cells within the living brain over many hours of development.

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.

Tamily Weissman: The protocol can also be applied to studying the clonal and progenitor dynamics of other developing systems in the zebrafish embryo.

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

Tamily Weissman: Visual demonstration of this method is critical so you can directly observe fundamental processes that coordinate neural development.

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


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

Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Lewis & Clark College.
	

Section - Protocol
Microinjection and Heat Shock of Zebrafish Embryos
On the afternoon prior to performing microinjections, set up wild type, adult zebrafish in sex-segregated mating tanks [1]. On the next morning, prepare the DNA solution according to manuscript directions [2] and inject approximately 4.2 nanoliters of this solution into one-cell zebrafish embryos within 45 minutes of fertilization [3]. 
WIDE: Establishing shot of talent setting up the zebrafish. 
Talent mixing the DNA solution. 
Talent performing the microinjection.
Maintain the injected embryos in E3 medium in a 28-degree Celsius incubator for 24 hours [1], then cull the dead and deformed embryos from the group [2]. Transfer up to 20 healthy embryos into a 50-milliliter tube [3], fill it with 10 milliliters of E3, and place a cap on top of each tube [4-TXT]. Videographer: This step is important!
Talent putting Petri dishes with the embryos into the incubator. 
Talent culling the dead embryos from the group. 
Talent transferring embryos into a tube. [Shots 2.2.3 and 2.2.4 combined]
Talent adding media into the tube and placing a cap on top. TEXT: Do not close tightly.
Place a rack with the 50-milliliter tubes upright in a 37-degree Celsius water bath for 80 to 90 minutes [1], making sure that the water level in the bath is higher than the E3 in the tube [2]. Videographer: This step is important!
Talent putting the tube rack in the water bath. 
Close up on one of the tubes to demonstrate the correct water level. 
Remove the tube rack from the water bath and place it in the 28-degree Celsius incubator. Allow up to 1 hour for the E3 to cool and the embryos to re-acclimate to the temperature [1], then transfer them to Petri dishes with 0.2 millimolar PTU in prewarmed E3 [3]. 
Talent putting the tube rack into the incubator and closing the door. 
Talent transferring the embryos to a Petri dish. 



Screening and Mounting Embryos

At 2 to 4 hours after the heat shock, examine the embryos under a standard fluorescence dissection microscope for expression of CFP or YFP [1], which indicates successful Brainbow recombination [2]. Videographer: This step is difficult and important!
Talent at the microscope.
SCOPE: Embryos with successful recombination.  Authors: A still image would be perfect here. Please upload the appropriate image to your project page or indicate which image to use out of your figures. Would the middle image from Figure 1 C work? (Author Comment: Still images A, B, C, and D have been uploaded: a transmitted light image and the 3 Brainbow channels.)
Select embryos with robust FP expression throughout and transfer them to a separate dish with PTU. Image them 1, 2, or 3 days post fertilization [1].
SCOPE: Talent selecting embryos with robust FP expression. Authors: Please use your microscope to film this and upload the movie file to your project page.

Zoe Cook:  Look for embryos which have low background fluorescence and sparse enough labeling to see a black background in the region of interest; expression which appears dim under the epifluorescence microscope may be visualized well in confocal time lapse imaging.

INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Prior to the day of the experiment, prepare the imaging chamber and embryo manipulation tool [1]. To prepare the imaging chamber, carefully superglue a plastic ring to the center of a 60-millimeter Petri dish [2]. Construct the manipulator by supergluing a small length of nylon fishing line to the end of a 4-inch wooden swab stick [3]. Videographer: This step is important!
Constructed imaging chamber and embryo manipulation tool. Videographer: You may have to film this after 3.3.2 and 3.3.3. 
Talent supergluing a plastic ring to the center of a Petri dish. 
Talent supergluing nylon fishing line to the wooden swab. 
If necessary, dechorionate (pronounce ch as k sound) the embryos under a dissection microscope prior to mounting [1]. To mount the embryos, transfer the fish to the center of the plastic ring in the imaging chamber [2] and remove as much excess E3 as possible with a fine-tipped transfer pipette [3]. 
Talent at the dissection microscope dechorionating the embryos. 
Talent transferring the embryos to the imaging chamber. 
Talent removing excess E3. 
Use a clean transfer pipette to cover the fish with 1% low-melt agarose in E3, filling the entire plastic ring with a layer of agarose [1]. Then, gently pull the embryo up into the pipette tip and back into the agarose without introducing any air bubbles [2]. Videographer: This step is important!
Talent adding the agarose to the plastic ring. [Shots 3.6.1 – 3.7.1 combined]
Talent aspirating the embryos and releasing them back into the agarose.
Use an embryo manipulator to quickly orient the fish in the agarose before it hardens [1]. If imaging with an upright microscope, position the embryo as close to the upper surface of the agarose as possible, making sure that they are parallel to the bottom of the imaging chamber with their tail straight [2]. Videographer: This step is difficult and important!
Talent orienting the fish.
[bookmark: _GoBack]ECU or SCOPE: Talent properly positioning the embryos. Authors: If you can film this on your microscope, please do so. We can also use a still image of properly positioned embryos here. (Author Comment: This scope shot will include steps 3.5.2, 3.5.3, 3.6.1, 3.6.2, and 3.7.1. We will also upload a still image for shot 3.7.2 showing proper positioning.)
Fill the imaging chamber with E3, adding as much as possible to account for evaporation over the course of imaging [1]. 
Talent adding E3 to the imaging chamber. 

Time-lapse Confocal Imaging of the Developing Zebrafish Hindbrain
Place the imaging chamber with the fish and E3 on the confocal microscope [1], then select the objective with a high numerical aperture and a long working distance [2]. Find a region with appropriately dense and bright labelling of cells and set up the acquisition parameters [3]. NOTE: Authors responsible for SCREEN shots. 
Talent placing the imaging chamber on the microscope. 
Talent moving the objective into the imaging chamber
SCREEN: Region for imaging located.  
Prepare 3 tracks to image each FP channel sequentially. Use an Argon laser to excite CFP at 458 nanometers and YFP at 514 nanometers and use a DPSS 561 nanometer laser to excite dTomato (pronounce ‘D-tomato’) [1]. Collect emissions for the 3 fluorophores at the appropriate wavelengths [2]. 
SCREEN: Excitation wavelengths being set. 
SCREEN: Emission wavelengths being set. TEXT: CFP 463–509 nm ; YFP 519–555 nm ;  dTomato 566–691 nm 
Select the Z-stack range to image [1] and a time interval between 10 and 30 minutes to track mitotic and apoptotic events. Finally, select the length of the imaging session and run the experiment [2]. 
SCREEN: Z-stack settings. 
SCREEN: Time-lapse settings selected and imaging initiated.
After imaging is complete, save the file in czi (spell out ‘C-Z-i’) format and save the raw data in a format compatible with Fiji [1], then import the images into Fiji using the BioFormats Importer [2]. 
SCREEN: Files being saved. 
SCREEN: Files being imported into Fiji. 


Section – Results
Results: Brainbow Labeled Clonally Related Clusters of Dividing Cells in the Developing Zebrafish Hindbrain 
In vivo multicolor time-lapse imaging was used to show Brainbow color-coded clones of cells in the proliferative ventricular zone of the developing zebrafish hindbrain [1]. 
LAB MEDIA: Figure 1 C. 
Brainbow-labeled cells arranged along a particular radial fiber shared the same color [1], which could be quantified as the relative RGB channel weights [2]. This suggests that these radial groups were clones of dividing cells and that their similar color could be used to identify them as being clonally related [3].
LAB MEDIA: Figure 1 D. Video Editor: Emphasize the fibers that the arrows are pointing to in D1. 
LAB MEDIA: Figure 1 E. 
LAB MEDIA: Figure 1 D and E. 
A quantitative color analysis showed that daughter cells expressed the same color as their mother cell [1], but that neighboring radial clusters of cells could be distinguished from one another [2].
LAB MEDIA: Figure 1 F. Video Editor: Show the images and the plot side by side. 
LAB MEDIA: Figure 1 E. Video Editor: Show the 2 plots side by side. 

Numerous clones of related cells can be followed simultaneously over hours in vivo, allowing for a multiplex lineage analysis and comparison [1]. Quantification of color expression in clones at 2 and then again at 3 days post fertilization showed that Brainbow expression remained relatively constant from 2 to 3 days [2]. 

LAB MEDIA: Figure 2 A and B. 
LAB MEDIA: Figure 2 A and B. Video Editor: Emphasize the fibers that the arrows are pointing to in A1 and A2. 

Time-lapse imaging revealed numerous cells undergoing interkinetic nuclear migration and cell division from 1 to 2 days post fertilization, making it possible to study the cell cycle [1]. An average cell cycle of 8.4 hours was calculated, which is comparable to previous measurements in zebrafish [2]. 

LAB MEDIA: Figure 2 C and D. 
LAB MEDIA: Figure 2 E and F. 

Furthermore, this imaging technique was used to observe individual cells undergoing the stereotypical morphological changes associated with apoptosis, such as membrane blebbing and cell fragmentation [1]. 

LAB MEDIA: Figure 3. Video Editor: Emphasize the blue cells that the white arrow is pointing to. 




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

Zoe Cook: Because this method is performed in vivo, zebrafish can be rescued from the imaging chamber and maintained for imaging or other experiments at later time points.

INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
Tamily Weissman: The development of this technique has allowed us and others to explore new questions about the role of clonally related cells within the regulation of neural development.

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