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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Y_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _ Nikon AZ100 (for screening embryos) and Nikon SMZ 745T (for embedding embryos)
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.) 2.1, 2.4 – 2.6, 2.8, 2.9, 3.1, 3.2
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.) _ Embedding the zebrafish embryos to the desired position is the most difficult aspect of this protocol. To ensure its success, at least 3 embryos are embedding each time with the probability of at least one to be in the ideal position. You may have to return to each embryo and make sure they stay in their position because when the agar is still liquid, the embryos may shift. You may even have to return to the embryos multiple times so the ideal position is achieved as the agar solidifies. Steps 3.8 and 3.9 should be filmed.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? _ The screening of the embryos takes place in the zebrafish facility which is approximately 0.2 miles away from the main lab, equivalent to a 5 minute walk across campus. The embedding of the embryos and relevant bench work will take place in the main lab located on University Blvd. The confocal microscopy will take place in another building approximately 0.2 miles away from the main lab, equivalent to a 5 minute walk across campus.
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 procedure is to monitor the fidelity of chromosome segregation during mitosis in a live zebrafish embryo by using fluorescently labeled chromatin and cell membrane proteins that will be captured using high resolution confocal microscopy. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Author Name: Stefanie: This method can help answer key questions in the mitosis field, such as how do mitotic defects result in developmental defects or tumor formation in a live vertebrate organism. 
1.2. Author Name: Stefanie: The main advantage of this technique is that we are observing mitosis in a live vertebrate organism that allows physiologically relevant data to be collected.  

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 the University of Alabama at Birmingham. 
Protocol (read by voice talent at JoVE):

2. Preparation and Embedding of Live Zebrafish Embryos for Imaging
2.1. After breeding adult zebrafish [1-WIDE/MED] and injecting eggs with H2A.F/Z-EGFP and/or pCS2-mCherry-CAAX RNA [2-LM], approximately 2 hours before imaging, use a fluorescent dissecting microscope [3-MED] to identify GFP positive embryos [4-SCOPE].
2.1.1. Talent at bench in a zebrafish room checking on fish breeding in tank (TEXT: refer to text protocol for details)
2.1.2. LAB MEDIA Figure 1, Editor, show the top left panel in 1A of the needle inserted inside the egg and the green and red text above it.
2.1.3. Talent sits down at dissecting scope with plate of injected embryos and places them on stage and begins to look at them
2.1.4. Fluorescent embryos in field of view
2.2. Transfer bright green GFP-expressing embryos into a new 100 x 15 mm Petri dish with E3 Blue medium [1-ECU].
2.2.1. Talent transfers fluorescent embryos in fresh petri dish with E3  
2.3. Boil a stock solution of 1% low melt agarose in E3 Blue [1-MED-TXT].
2.3.1. Talent places flask of agarose in E3 into microwave and turns on (TEXT: can use 0.3% agarose for earlier time points).
2.4. Aliquot 3 ml of the melted agarose into a 17 x 100 mm culture tube [1-CU].  Keep the agarose warm by placing the culture tube in a 42(C water bath until ready for use [2-MED/CU-TXT].
2.4.1. Film as written

2.4.2. Film as written (TEXT: cover stock agarose with foil after use; store for up to 1 month) 

2.5. [1-CU].  Gather the 15 mM Tricaine, screened embryos, low melt agarose, E3 Blue, and a 35 mm glass coverslip bottom culture dish at a dissecting light microscope [1-MED/CU].
2.5.1. Talent adds tricaine to deionized water 

2.5.2. Tricaine, embryos, agarose, E3 and 35 mm coverslip all arranged in same frame at dissecting scope and talent points them out in the order of the VO 
2.6. Next, with #5 tweezers, carefully remove the chorions from three embryos [1-SCOPE] and place the embryos in a separate container to be anesthetized [2-CU/ECU]. 
2.6.1. Talent removes chorions from three embryos
2.6.2. Film as written 
2.7. Then, using a transfer pipette, add three drops of 15 mM Tricaine into the dish containing the embryos in 5 ml of medium [1-CU/ECU].  In addition, add 3 – 4 drops of 15 mM Tricaine solution to the tube of 1% melted agarose [2-CU].
2.7.1. Talent adds three drops of tricaine to dish of embryos
2.7.2. Film as written
2.8. When the embryos are sufficiently anesthetized, using a p200 pipetteman with 1 cm of the pipette tip cut off [1-CU], transfer the anesthetized embryos to the coverslip-bottomed dish [2-ECU].  Remove any excess E3 Blue:Tricaine solution [3-ECU].
2.8.1. Talent adds tip to pipetteman and shows the cut off tip to camera

2.8.2. Talent aspirates embryos and transfers to coverslip bottomed dish
2.8.3. Film as written

2.9. Slowly add 5-10 ul of low melt agarose:Tricaine solution over the embryos, keeping each drop separate to ensure that the embryos do not drift close to one another [1-CU/ECU-TXT]. 
2.9.1. Talent slowly adds drops of agarose over embryos, keeping them separate to ensure embryos don’t drift close to each other  (TEXT: ~42(C)
2.10. Then using a 21G 1½ needle, gently orient the embryos in the agarose to the desired position, orienting the region of interest as close to the coverslip as possible if using an inverted microscope [1-SCOPE-TXT].
2.10.1. Talent uses needle to orient embryo with region of interest as close to coverslip as possible (TEXT: refer to text protocol for additional details)
2.11. Stefanie, Step 2.10: Due to the shifting that may occur, it may be necessary to return to each embryo to make sure they stay in the required position. This may have to be done multiple times so the ideal position is achieved as the agar solidifies [1-INTERVIEW].
2.11.1. Talent recites the above statement looking off camera

2.12. After a few minutes, to test if it is set, use a needle to break apart a small piece of agarose [1-SCOPE/ECU].  When it can be pulled away from the drop [2-SCOPE/ECU], use additional low melt agarose to form a dome over the embedded embryos, covering the entire coverslip [3-SCOPE/ECU].
2.12.1. Talent uses needle to break apart small piece of agarose

2.12.2. Talent pulls agarose away from drop

2.12.3. Talent adds dome of agarose over embedded embryos

2.13. While the agarose solidifies, prepare 3 ml of E3 Blue medium with five drops of 15 mM Tricaine to be placed over the embedded embryos during imaging [1-CU].
2.13.1.  Talent adds Tricaine to to 3 ml of E3 (TEXT: ~10min), Editor, add in the text note for ‘while the agarose solidifies.’  
3. 5D Confocal Imaging of Live Zebrafish Embryos
3.1. To carry out 5D confocal imaging of live zebrafish embryos, open the imaging software [1-MED OVER SHOULDER] and set the microscope to a 60x NA 1.4 lens [2-CU].  Apply immersion oil to the lens [3-CU/ECU] and place the culture dish in the slide holder on the microscope stage [4-CU].
3.1.1. Talent at computer opens up software

3.1.2. 60X microscope lens moving into position

3.1.3. Film as written

3.1.4. Film as written
3.2. Using the axis controller [1-CU], center the embryo of interest above the objective lens [2-CU/ECU] and raise the lens to meet the culture dish [3-CU]. Pour E3 Blue and Tricaine solution over the agar embedded embryos [4-CU].
3.2.1. Talent manually moves the axis controller to center the embryo

3.2.2. Dish moving with embryo of interest being positioned above objective

3.2.3. Lens is shown raising to meet culture dish

3.2.4. Added shot: Pour E3 Blue: Tricaine solution over the agar embedded embryos [CU].
3.3. Next, click on the eye port icon to view embryos through the eye piece [1-SCREEN/LM]. Disable the eye port selection and choose View>Acquisition Controls>A1 Scan Area to open the A1 Scan Area tool [2-SCREEN/LM]. Select the GFP channel, restart the scan and focus on an ROI close to the coverslip [3-SCREEN/LM].  Stop the scan, select the GFP and mCherry channels and set the line averaging option to normal [4-SCREEN/LM]. 
3.3.1. Talent clicks on eyepiece Eye Port icon and switches to GFP filter to view embryo through eye piece. 
3.3.2 Talent focuses on ROI close to coverslip

3.3.2.  [added] Talent disables Eye Port selection. Talent chooses View>Acquisition Controls>A1 Scan Area to open the A1 Scan Area Tool. 

3.3.3. Talent removes interlock, selects the GFP and mCherry channel, sets line averaging to normal restarts scan and focuses on a region of interest close to the coverslip. 
3.3.4. Talent stops scan, selects the mCherry channel and sets line averaging to normal. (TEXT: avoid unnecessary photobleaching)

3.4. Now, choose ‘View>Acquisition Controls>ND Acquisition’ to open the A1 ND Acquisition Tool.  Begin scanning [1-LM], then using the axis-controller [2-CU], position the embryos so that the scan area is filled with as much of the zebrafish as possible [3-SCREEN/LM-TXT]. 
3.4.1. Talent chooses View>Acquisition Controls>ND Acquisition then begins scanning

3.4.2. Talent adjusts axis controller

3.4.3. Talent positions embryos so scan area is filled as much as possible with a fish (TEXT: avoid unnecessary photobleaching)
3.5. [moved into 3.4] Under “View>Acquisition Controls>ND acquisition”, open the ND acquisition control panel.  Then begin scanning to set the Z-stack parameters [1-SCREEN/LM]. 
3.5.1. Talent opens ND acquisition control panel then begins scanning 
3.6. Set the Z-stack upper limit to where the cells are out of focus, allowing for an extra 3 um of space above the sample for growth and cell movement.   Then set the lower limit to where the cells are no longer visible, and set the Z-interval step size to 2 um [1-SCREEN/LM-TXT].
3.6.1. Talent moves cells out of focus then adds 3 um and sets upper Z limit then focuses through until cells are no longer visible then sets lower limit (TEXT: ~40 (m total depth for embryo tail).  Talent then sets Z interval step size to 2 um (TEXT: ~5 intervals of imaging data per cell imaged); Editor, use the first text note for ‘then set the lower limit…no longer visible.  Then use the second text note for the last sentence.
3.7. For the experiments demonstrated here, adjust the imaging laser power, HV or gain, and offset levels, respectively, as listed below [1-SCREEN/LM-TXT].
3.7.1. Talent adjusts laser power, HV, and offset levels for GFP and then mCherry (TEXT: GFP:  2 – 5, 120 – 140, (-9) – (-11); mCherry:  3 – 6, 120 – 140, (-3) – (-8)). 
3.8. Once the parameters are set, shut off the scan to prevent unnecessary laser exposure that may cause phototoxicity and photobleaching of the sample [1-SCREEN/LM].
3.8.1. Talent turns off scanning

3.9. Now, select the 2X line averaging icon, which provides the best image quality and fastest scan time [1-SCREEN/CU-TXT].
3.9.1. Talent selects 2X line averaging icon (TEXT: refer to text for additional details) 
3.10. Select the appropriate time interval and time duration necessary for the experiment [1-SCREEN/LM].  For wild-type cell divisions, two-minute time intervals for a duration of 2 hours is adequate for determining mitotic duration [2-LM].
3.10.1. Talent selects time interval and duration

3.10.2. LAB MEDIA Figure 2A
3.11. Divisions that activate the spindle assembly checkpoint for longer than 30 minutes are more suitable for five minute intervals for four hours in order to preserve fluorescence as demonstrated here [1-LM].
3.11.1. LAB MEDIA Figure 3C 
3.12. To automatically save the file as it is being acquired, check the ‘save to file’ box and name the file [1-SCREEN/LM].  Finally, double check that all parameters are set correctly and hit ‘run now’ [2-SCREEN/LM].
3.12.1. Talent checks ‘save to file’ box and names file

3.12.2. Mouse seen checking through parameters and talent hits ‘start run Run now.’

3.13.  After acquisition is complete, to view the file in a three dimensional format, click on the volume threshold icon [1-SCREEN/LM].

3.13.1. Talent clicks on volume threshold icon
4. Results:  Mitotic Cell Division Imaging in Zebrafish Embryos

4.1. This figure demonstrates the ability to observe many cell divisions using a wide field of view of an AB wild-type zebrafish tail.  The cell divisions are denoted by asterisks [1-LM].  The corresponding movie is shown here [2-LM].

4.1.1. LAB MEDIA Figure 2A, Editor, point out the tiny dots/asterisks when mentioned.
4.1.2. LAB MEDIA Movie 1, Editor, you may want to loop this a few times 
4.2. On average, 50 dividing cells in AB and 30 dividing cells in aurBm/m were observed [1-LM].  To account for the reduced number of mitotic cells imaged in the aurBm/membryo, the ratio of mitotic cells to the number of cells imaged was calculated, suggesting that there is not a lower number of cells going through mitosis in the aurBm/m embryos, but rather a fewer number of total cells being imaged [2-LM].
4.2.1. LAB MEDIA Figure 2B, Editor, point out the AB column and then the aurBm/m column when mentioned.
4.2.2. LAB MEDIA Figure 2C
4.3. To quantify mitotic duration, the number of time intervals that take up one cell division are multiplied by the interval of time between each Z-stack.  As revealed in this graph, the average AB wild-type division time is 25 minutes and 58 minutes for aurBm/m [1-LM].
4.3.1. LAB MEDIA Figure 3B, Editor, point out the AB column and then the aurBm/m column when mentioned
4.4. As seen in wild-type embryos, each mitotic phase can be distinguished [1-LM].  
4.4.1. LAB MEDIA Figure 3C and Movie 2, Editor, place the movie under Figure 3C if possible and run it slowly to be able to point out the matching phase (Prometaphase, metaphase, anaphase, etc.) in Figure 3C as it appears in the movie. 
4.5. However, mitotic defects are observed in the aurBm/m embryo which include mitotic arrest and failed cytokinesis, resulting in a binucleated cell and subsequent formation of micronuclei, which support the increased division time measured in this mutant [1-LM].
4.5.1. LAB MEDIA Figure 3D(1), Movie 3, Editor, when micronuclei are mentioned, add in the white arrows in t-40, then t=44, then t=48.   
5. Conclusion (said by authors on camera)
5.1. Author Name: Stefanie: Once mastered, this technique can be done in one hour, from screening embryos to setting up the confocal microscope parameters. 

5.2. Author Name: Stefanie: While attempting this procedure, it’s important to remember the context of the experiment at hand as it pertains to region of interest, time duration, time interval, and Z-depth. This will help maximize efficiency as well as prevent photobleaching and phototoxicity. 
5.3. Author Name: Stefanie: Following this procedure, other methods like chromosome spreads can be performed to answer additional questions about the cause of the mitotic defects observed or use of a drug treatment to determine its effects on mitotic progression, duration, or cell fate. 
5.4. Author Name: Stefanie: After its development, this technique paved the way for researchers in the field of biology to explore mitosis in the context of developmental and cancer biology using zebrafish. 
5.5. Author Name: Stefanie: After watching this video, you should have a good understanding of how to embed zebrafish embryos, capture live imaging of mitosis, and analyze mitotic frequency, duration, and cell fate. 

5.6. Author Name: Stefanie: Don’t forget that working with high powered lasers and fluorescent light can be detrimental to the eyes and precautions such as avoiding direct eye contact with the lasers should always be taken while performing this procedure. 
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.  

4.1.1 – 54218_Parant_Figure2A.psd
4.1.2 – 54218_Parant_Movie1.mov

4.2.1 – 54218_ Parant_Figure2B.psd

4.2.2 – 54218_ Parant_Figure2C.psd

4.3.1 – 54218_Parant_Figure3B.psd

4.4.1 – 54218_Parant_Figure3C.psd

4.4.1 – 54218_Parant_Movie2.mov

4.5.1 – 54218 _Parant_Figure3D.psd
4.5.1 – 54218 _Parant_Movie3.mov
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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