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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __Y_______ If yes, please list make and model of your microscope: ___Leica S6D with photo outlet___________________________

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

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps______2.3-2.9 and _3.4__and 4.11_________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ___Clean dissection with full dissociation of tissues – this is achieved by using a reproducible step-by-step dissection approach and consistent dissociation paramaters optimized for each tissue. 

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to measure the relative cell cycle phase and cell size of tissues with cell populations genetically manipulated and labeled with GFP or RFP in Drosophila (Intro). First,  set up genetic crosses to generate progeny containing cells labeled with the desired fluorescent proteins and with the desired genetic manipulations in a specific tissue or population of cells under study. (P1)  Cleanly isolate the desired tissue from the progeny of the proper developmental stage. (P2). Then dissociate the tissue to a single cell suspension and stain with a viable DNA dye to measure DNA content. (P3) Analyze the stained, dissociated samples by  flow cytometry (P4). Ultimately, the in vivo results measure changes in cell size and cell cycle phase caused by the genetic manipulations under study. (P5)
P1: Show the six flies and the “X” between them through “ … genetic crosses.” Add the down arrow and a third set of three flies directly under the arrowhead for  the remainder of the sentence (leave the six upper flies on the screen).
P2: The six upper flies, the X, the arrow, and two of the lower flies disappear. Turn the remaining fly onto its back (upside down), have two forceps come in to its belly, then have the forceps extra a cloud of white (as in the figure), but if you can make the white cloud, that would be better than the photo.

P3: Put the white cloud into a test tube shown in the third figure, then add the grey top to the tube, and have the white cloud turn into the blue solution seen in the third figure.

P4: Show the 4th figure.

P5: Fig 3C and 3E
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Laura Buttitta: The main advantage of this technique over the existing method of_flow cytomtery on live Drosophila tissues using ultraviolet dyes, is that the DyeCycle Violet dye is compatible with less expensive benchtop cytometers containing a violet 405 nm laser, which can be purchased on a small budget and maintained on a single lab scale.   

1.2. Laura Buttitta: This method can help answer key questions in the cell cycle field, by providing information on cell cycle phase and cell size, that is more detailed than just measuring overall tissue size and proliferation rate. 

1.3. **Laura Buttitta: Demonstrating the procedure will be Kerry Flegel and Dan Sun graduate students from my laboratory and Olga Grushko our technician. 

1.3.1. Interview style: Author saying the above 

1.3.2. 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):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Fly Husbandry and dissection
2.1. Collect mature larvae at the 3rd larval instar at about 110 to 120 hours of development for the larval dissections. Accurate pupal staging is essential for studies during metamorphosis. For this, harvest white prepupa at the beginning of metamorphosis. 
2.1.1. CU: Talent collects mature larvae at the 3rd larval instar at about 110 to 120 hours of development for the larval dissections. 
2.1.2. MED/CU: Talent sets up samples to harvest prepupa at the scope.
2.1.3. CU: Talent indicates and collects white prepupa at the beginning of metamorphosis. 
2.2. If necessary, immerse the vials containing progeny of the appropriate stage such as larvae, or a sealed petri-dish of pupae, in a 37°C  water bath to activate the heat-shock flipase for lineage-tracing clones. After unsealing the petri dish, place it in an incubator for aging to the desired developmental stage.  
2.2.1. CU MED: Talent immerses the vials containing progeny of the appropriate stage such as larvae, and also  a sealed petri-dish of pupae, in a 37°C  water bath 
2.2.2. Added shot: MED/CU Talent unseals petri dish of pupae and places in the incubator
2.3. For pupal dissection, gently grasp a pupa by the anterior tip of the pupal case where there is an air bubble, to avoid damaging the pupa inside. Position the floating pupa for proper grasping. 
2.3.1. SCOPE: With forceps, Talent gently grasps a pupa by the anterior tip of the pupal case where there is an air bubble, to avoid damaging the pupa inside
2.3.2. SCOPE: Talent positions the floating pupa for proper grasping. 
2.4. Then with microscissors,  cleanly cut through the posterior tip of the pupa at a slight angle toward the dorsal part of the animal to release the internal pressure without forcing the histolyzed fat into the desired tissues in the thorax and head. 
2.4.1. SCOPE: Talent uses microsciessors to cleanly cut through the posterior tip of the pupa at a slight angle toward the dorsal part of the animal.
2.4.2. SCOPE: Talent indicates histolyzed fat. 
2.5. Cut carefully along the dorsal median, avoiding damaging the wings and the anterior eye-brain complex. Then remove the pupa from the pupal case by grasping the posterior edge of the pupal epidermis with forceps and pulling it out of the pupal case. Wash to remove histolyzed fat and transfer the dissected pupa to a clean dissection dish.
2.5.1. SCOPE: Talent cuts carefully along the dorsal median, avoiding damaging the wings and the anterior eye-brain complex.
2.5.2. SCOPE: Talent removes the pupa from the pupal case by grasping the posterior edge of the pupal epidermis with forceps and pulling it out of the pupal case 
2.6. Poke a small hole in the cuticle anterior to the eye-brain complex with forceps. Using a glass Pasteur pipette with a rubber bulb, gently wash PBS dissection solution through the partially dissected pupa to remove any remaining histolyzed fat and gut tissue. 
2.6.1. SCOPE: Talent pokes a small hole in the cuticle anterior to the eye-brain complex with forceps. 
2.6.2. SCOPE: Using a glass Pasteur pipette with a rubber bulb, Talent gently washes PBS dissection solution through the partially dissected pupa to remove histolyzed fat and any remaining gut tissue. 
2.7. To obtain the pupal wings, hold the pupa down by the head with one forcep. 
2.7.1. SCOPE : Talent holds the pupa down by the head with one forcep. 
2.8. Using a second forcep, grasp the most posterior tip of the wing cuticle, pull and dislodge it from the side of the carcass. Then cut or pull off the wing at the hinge to remove it from the body, and put in a pile away from the carcasses and other material. 
2.8.1. SCOPE: Using a second forcep, Talent grasps the most posterior tip of the wing cuticle, pull and dislodge it from the side of the carcass.
2.8.2. SCOPE: Talent cuts the wing at the hinge to remove it from the body.
2.8.3. ECU: Talent puts the sample in a pile away from the carcasses and other material. 
2.9. To obtain the pupal eyes or brain, wash the pupa until the eye-brain complex becomes dislodged and free from the pupa (Fig.1F,H). Using a forcep, gently pull the pupal eye away from the brain and save the desired tissue.
2.9.1. SCOPE: Talent washes the pupa until the eye-brain complex becomes dislodged and free from the pupa. 
2.9.2. SCOPE: Talent uses a forcep to gently pull the pupal eye away from the brain and save the desired tissue.
3. Tissue Dissociation and DNA Staining
3.1. Using a lubricated pasteur pipette, carefully transfer the dissected tissues [Text over video: <0.3 ml PBS] into 0.5mL of Live DNA Stain Solution. 
3.1.1. MED/CU: Using a lubricated pasteur pipette, Talent  carefully transfers the dissected tissues  into 0.5mL of Live DNA Stain Solution in a 5mL polystyrene tube. 
3.2. Incubate the tubes with shaking at 23°C at 500rpm for 70 minutes.Then vortex gently for 5 seconds at a medium speed and return the samples to the shaker for an additional 15 to 20 minutes.  Vortex samples once more for 5 seconds at medium speed.
3.2.1. MED/CU: Talent places the tubes with shaking (show settings 23°C at 500rpm for 70 minutes).
3.2.2. ECU: Talent vortexes the sample gently for at a medium speed 
3.2.3. CU: Talent returns the samples to the shaker (use shot 3.2.1)
3.2.4. MED/CU: Talent vortexes  the samples at medium speed. (use shot 3.2.2)
3.3. For brains and pupal eyes older than 36hAPF, dissociate tissues in DNA Stain Solution at 23°C at 500rpm for 45-60 minutes. 
3.3.1. ECU: Talent places the  tissues samples 1.7ml microcentrifuge tubes in DNA Stain Solution.
3.3.2. MED-over –the-shoulder; Talent places tubes at 23°C at 500rpm for 45-60 minutes. 
3.4. Then one-by-one manually dissociate large chunks of tissue by transferring to dissecting dish along with about 50 l DNA Stain Solution.  Rapidly pipet up and down with a manually drawn pasteur pipette of approximately 100-150 m opening. 
3.4.1. SCOPE: Talent manually dissociate large chunks of tissue by transferring to dissecting dish along with about 50 l DNA Stain Solution. 
3.4.2. ECU  SCOPE: Talent rapidly pipets up and down with a manually drawn pasteur pipette of approximately 100-150 m opening. 
3.5. Pool the dissociated specimens in a 5mL tube. Incubate an additional 30 minutes at 23°C with shaking at 500rpm. Visually verify that the samples are fully dissociated, mindful that the acellular transparent pupal wing cuticle will not dissociate. 
3.5.1. CU: Talent pools the dissociated specimens in a 5mL tube. (Use shot 3.1.1)
3.5.2. MED: Talent places tube 23°C with shaking at 500rpm. (Use shot 3.2.2)
3.5.3. ECU: Talent visually verifies that the samples are fully dissociated, (if possible show wing)
4. Flow Cytometry
4.0. Begin the FACS analysis by loading the sample onto the cytometer.
4.0.0  WIDE/MED Talent loads sample on the Attune
4.1. Then, select channels to  detect forward scatter and side scatter indicating cell size and membrane complexity. 
4.1.1. SCREEN: Talent  indicates channels to  detect forward scatter and side scatter indicating cell size and membrane complexity. 
4.2. To detect the DyeCycle Violet staining of the DNA, you will need to measure VL1 height, width and area from Violet laser excitation. Also select the Blue laser Channel 1 Area to measure GFP fluorescence. 
4.2.1. _4.2.2 SCREEN: Talent indicates VL1 height, width and area for Violet laser excitation. Talent indicates the Blue laser Channel 1 Area for GFP fluorescence. 
4.3. Talent: For RFP analysis, we use the Blue laser channel 3. This channel on the Attune is optimized for RFP detection. 
4.3.1. Interview style.
4.4. Set the gates in order to restrict analysis to the selected population, and to limit debris and cell clumps from the analysis that generates dot plots.  

4.4.1. SCREEN: Talent indicates the gates for FACS.
4.5. With Gate 1, exclude debris and clumps in the plot of SSC versus FSC. In the Plot of VL1Area versus VL1Width,  use Gate 2 to exclude unstained cells, sub G1 apoptotic cells and cell clumps based upon identification of singlets. 
4.5.1. SCREEN: Talent indicates  Gate 1 based on SSC vs. FSC.
4.5.2. SCREEN: Talent indicates Gate 2 on plot of VL1Area versus VL1Width.
4.6. Gate 3 encompasses cells within gates 1 and 2, that are GFP negative on the plot of Fluorescence versus. DNA content based on VL1Height.
4.6.1. SCREEN: Talent indicates Gate 3 on the plot of Fluorescence versus. DNA content based on VL1Height.
4.7. Next, Gate 4 encompasses cells within gates 1 and 2, that are GFP positive on the plot of fluorescence versus DNA content. One can also generate gates 5 and 6 from dot plots of cell size as measured by GFP versus forward scatter.
4.7.1. SCREEN: Talent indicates Gate 4 on the plot of fluorescence versus. DNA content. 
4.7.2. SCREEN: Talent indicates gates 5 and 6 from dot plots of cell size as measured by GFP versus forward scatter.
4.8. To examine cell cycle phasing, use the two histograms that plot DNA content on the X-axis and cell count on the Y-axis for the populations, defined by Gate 3 and Gate 4. For the “cell size” histograms, set populations to Gates 5 and 6, and plot FSC on the X-axis and counts on the y-axis.
4.8.1. SCREEN: Talent indicates two histograms that plot DNA content on the X-axis and cell count on the Y-axis for the populations defined by Gate 3 and Gate 4. 
4.8.2. - 4.8.3 SCREEN: For the “cell size” histograms, Talent indicates populations of Gates 5 and plots of FSC on the X-axis and counts on the y-axis.
4.9. When running samples, set the recording to stop at 10,000 GFP positive events. Also set the acquisition volume for 300L.
4.9.1. SCREEN: Talent sets the recording to stop at 10,000 GFP positive events. 
4.9.2. SCREEN: Talent sets the acquisition volume for 300L.
4.10. The appropriate threshold and voltage settings are contained within the provided templates.
4.10.1. LAB MEDIA: Table 2.

4.11. Run the samples at standard or high sensitivity, 100L/min and record. The recorded data files generated by the Attune software are in .fcs format, which is compatible with most cell cycle modeling software.
4.11.1. SCREEN: Talent runs the samples at standard or high sensitivity, 100L/min and starts recording. 
4.11.2. SCREEN: Talent indicates location of the recorded data files generated by the Attune software are in .fcs format.
5. Results: Live Cell Cycle Analysis 

5.1. This representative workspace, containing 4 dot plots and 2 histograms, shows a larval wing sample expressing GFP and Cyclin D in the posterior wing, driven by an engrailed-Gal4 transgene. 
5.1.1. LAB MEDIA: Figure 2.
5.2. The first dot plot of cell size with Gate 1 excludes debris and clumps. The second dot plot discriminates singlets with Gate 2 to exclude unstained cells, sub-G1 DNA content and clumps. 
5.2.1. LAB MEDIA: Figure 2A.
5.2.2. LAB MEDIA: Figure 2B.
5.3. In the plot of GFP versus. DNA content, the GFP negative and positive cells can be distinguished and 2N and 4N DNA content is evident based upon position along x-axis. 
5.3.1. LAB MEDIA: Figure 2C.
5.4. This plot of cell size as measured by GFP versus forward scatter is used to generate Gates 5 and 6. 
5.4.1. LAB MEDIA: Figure 2D. 
5.5. The resulting analyses lead to histograms of DNA content versus counts for the GFP or RFP negative population, as wells as GFP or RFP positive cells. 
5.5.1. LAB MEDIA: Figure 2E and F. 
5.6. Using the provided RFP template, similar results are obtained with the same tissue type and expression pattern for RFP. 

5.6.1. LAB MEDIA: Figure 3A.

5.7. The provided templates and voltages are suitable for analysis of larval eyes, brains and wings, as well as pupal eyes, brains and wings. 

5.7.1. LAB MEDIA: Figure 3B and 3D.

5.8. In the Attune software, using the auto-scale feature for the cell cycle or cell size histograms allows determination of  the global maximum for each population. 

5.8.1. LAB MEDIA: Figure 3 B, C and D.

5.9. These  cell cycle profiles represent GFP positive and negative cells in larval eyes, expressing GFP in the posterior using the GMR-Gal4, UAS-GFP transgenes. The overlay reveals the differences in cell cycle phasing of the posterior GFP expressing cells. 

5.9.1. LAB MEDIA: Figure 3B.

5.10. The relative change in cell size between GFP positive and negative cells can be also be plotted.

5.10.1. LAB MEDIA: Figure 3C

5.11.  This cell cycle profile was derived from pupal brains at 46 hours  APF.  The GFP positive cells are lineage tracing clones expressing the G1-S regulators Cyclin D and E2F that disrupt quiescence and lead to S-phase entry.

5.11.1. LAB MEDIA: Figure 3D  green curves filled, then add red arrow, and then inset.

5.12. This is in contrast to the non-expressing GFP negative cells, which at this stage are normally arrested in G1.

5.12.1. LAB MEDIA: Figure 3D.

5.13. The Attune software generates user defined regions on the histograms delineating G1, S and G2 phases. A statistics table for each run determines the absolute counts of cells within the user defined regions and percentages

5.13.1. LAB MEDIA: Figure 3E and F.

5.14. Alternatively, modeling software such as ModFit can be used to estimate percentages in each phase as well as apoptotic cells. 

5.14.1. LAB MEDIA: Figure 3G.

INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
6. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
6.1. Laura Buttitta: Once mastered, this technique can be done in about 2-3 hours. if it is performed properly.

6.2. Laura Buttitta: Following this procedure, other methods like clonal cell lineage tracing using GFP expression can be used to calculate cell doubling time, to answer additional questions such as whether proliferation rate is altered and to approximate the length of each cell cycle phase.

6.3. Laura Buttitta: After watching this video, you should have a good understanding of how to isolate and label several tissues from Drosophila for cell cycle analysis.

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, 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, as well as an introduction to your videographer, closer to your filming date.
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