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A. Microscopy: Does your protocol involve video microscopy? N
B. 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.

C. Which steps of your protocol will viewers benefit most from having filmed? 2.2., 2.4., 3.3., 3.6.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? The most crucial aspect of this procedure is the Hoechst staining. Users need to make sure that the Hoechst is fresh (step 3.3.) and allow for longer incubation times if plots don’t look good (step 3.14.)
E. Will the filming need to take place in multiple locations? Y, less <0.5 miles apart
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 standardized procedure is to isolate distinct male germ cell types from different mammalian species using a single protocol. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ana Lima: This method can help facilitate the molecular study of spermatogenesis by the high-throughput analysis of different germ cell subsets. 
1.2. Ana Lima: The main advantage of this technique is that a single set of reagents can be applied to various mammalian species for the simultaneous isolation of 4 different germ cell populations.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Min Jung: We first had the idea for this method when we decided to investigate the evolution of specific patterns of gene expression regulation in different mammals. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Ana Lima: Chris Holley, a Medical Technologist from the Siteman Flow Cytometry Core, will be demonstrating how to operate the cell sorter and to set the gates.
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician looks up from workbench or desk or microscope and acknowledges the camera.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.1. Procedures involving animal subjects have been approved by the Animal Studies Committee at Washington University in St. Louis.
Protocol: (read by voice talent at JoVE)
2. Testicular Tissue Single Cell Suspension Generation
2.1. Begin by decapsulating a single murine testis and cutting the tissue into small pieces [1-?]. Then, use forceps to transfer small tissue pieces onto a pre-wetted 50 micrometer tissue disaggregation cartridge [1-WIDE].
2.1.1. Added shot: Few seconds Talent decapsulating and cutting testis into small pieces.
2.1.2. Few seconds Talent placing at least one piece onto cartridge (TEXT: See text for full testis harvest details)
2.2. Add 1 mL of DMEM medium to the cartridge [1-MED-over the shoulder-TXT] and load the tissue disaggregation cartridge onto the tissue disaggregation system [2-CU].

2.2.1. Few seconds Talent adding medium to cartridge, with medium container visible in frame (TEXT: See text for all medium/reagent preparation details)

2.2.2. Few seconds cartridge being added to system
2.3. Turn the knob from “standby” to “run” [1-MED] and process the tissue for 5 minutes [2-CU].
2.3.1. Talent turning knob

2.3.2. Timer being set for 5 minutes (Videographer: Which every action is more interesting) 
2.4. Then remove the cartridge [1-MED] and use a disposable 3 mL syringe to aspirate the cell suspension from the syringe port [2-CU].

2.4.1. Few seconds Talent removing cartridge

2.4.2. Few seconds cell suspension being aspirated

2.5. When all of the liquid has been recovered, filter the cells through two individual, disposable pre-wetted 40 micrometer filters to remove any cell aggregates [1-MED-TXT] and return the suspension to the disaggregation cartridge [2-CU].
2.5.1. Few seconds Talent adding cells to filter, with other filter visible in frame (TEXT: Entire 1 mL may not be reclaimed)

2.5.2. Few seconds cells being added to cartridge
2.6. Then process the cells for another 5 minutes [1-MED].

2.6.1. Few seconds Talent adding cartridge to system

3. Cell Staining and Fluorescence Activated Cell Sorting (FACS) 
Author note: “Please make sure to add text “(from rat testis)” when showing any images from Figure 1”
3.1. To stain the cells for fluorescence activated cell sorting, collect the dissociated cell suspension in a new 1.5 mL tube [1-WIDE-TXT].
3.1.1. Few seconds Talent adding cells to tube, with cartridge visible in frame (TEXT: Approximately 1-1.5 mL of suspension will be recovered)

3.2. Then transfer 150 microliters of cells into each of three new 1.5 mL tubes [1-MED], adding the remaining volume to a fourth 1.5 mL tube [2-CU].

3.2.1. Few seconds Talent adding cells to at least one tube, with all three tubes visible in frame

3.2.2. Few seconds cells being added to 4th tube

3.3. Setting aside the first tube as an unstained control [1-MED], add 2.5 microliters of Hoechst to the second tube [2-CU], 1 microliter of propidium iodide to the third tube [3-CU], and both Hoechst and propidium iodide to the fourth tube [4-CU]. (Pronunciation See http://www.benchfly.com/video/60/how-do-you-say-hoechst-/ minute 1:00)
3.3.1. Talent setting tube aside

3.3.2. Few seconds Hoechst being added to tube, with Hoechst container label visible in frame

3.3.3. Few seconds PI being added to tube, with PI container label visible in frame

3.3.4. Few seconds Hoechst being added to tube, with Hoechst and PI container labels visible in frame
3.4. After 30 minutes at room temperature in the dark with gentle rotation [1-MED-TXT], filter the cell suspensions through individual, pre-wetted 40 micron strainers into 5 mL round bottom tubes on ice protected from light [2-CU].
3.4.1. Talent placing tube(s) onto rotator (TEXT: Alternative: Manually invert tubes every 5-10 min)

3.4.2. Few seconds cells being filtered through one strainer, with other filters and tubes visible in frame

3.5. Next, place four collection tubes containing DMEM supplemented with FBS under the sorting spouts of the flow cytometer [1-MED] and load the unstained control tube for analysis [2-CU].
3.5.1. Few seconds Talent placing at least one tube
3.5.2. Few seconds unstained control tube being loaded, with unstained control tube label visible in frame
3.6. Use a forward vs side scatter plot to exclude the cell debris [1-MED-over the shoulder] and adjust the forward scatter threshold and pulse width to allow gating of the single cells [2-LM].
3.6.1. Talent at cytometer, excluding cell debris, with monitor visible in frame
3.6.2. Fig1 FSC Pulse Woidth (3.6.2).tif: please outline/indicate grey-filled rectangle in FSC vs SSC plot
3.7. “Stringent gating is crucial to optimize the quality of the collected sample. Ensure selection of single cells by excluding cell debris and multicellular aggregates.” [1-MED-interview style]
3.7.1. Ana Lima, speaking the above interview style (looking just off camera)
3.8. Use the single-stained cells to establish the threshold for Hoechst and propidium iodide fluorescence intensity in relation to the unstained sample [1/2-MED].[2-SCREEN].
3.8.1. Few seconds Talent loading single stained tube
3.8.2. Added shot: Few seconds PI threshold being set
3.9. Then load the double-stained, experimental sample and set the three parent gates as just demonstrated [1-CU][2-SCREEN].
3.9.1. Few seconds double-stained, experimental sample being loaded, with sample tube label visible in frame
3.9.2. *To be provided by Authors: Few seconds at least one parent gate being set

3.10. When the three parent gates have been set, select live cells based on their lack of propidium iodide staining [1-LM] and set the DNA content by plotting a histogram of cell counts based on the Hoechst blue fluorescence [2-LM].

3.10.1. Fig1 PI (3.8.1.).tif: please indicate/outline grey-filled rectangle 
3.10.2.  Fig1 Hoechst blue (3.8.2).tif: no animation 
3.11. Set a gate for each of the three peaks of increasing Hoechst blue fluorescence concentration, representing the haploid [1-LM], diploid [2-LM], and tetraploid cells  and observe at least 500,000 events on the forward vs side scatter plot [3-LM][4-LM].
3.11.1.  Authors: Please upload the Ho blue fluorescence histogram from Figure 1 with the gates (if possible) through the submission link as its own .ai, .tif or .psd file: please indicate 1C text and bracket
3.11.2. Ho histogram: please indicate 2C text and bracket
3.11.3. Ho histogram: please indicate 4C text and bracket
3.11.4. *To be provided by Authors: Shot of fsc vs ssc plot with 500,000 events run
3.12. Plot the propidium iodide-negative cells according to their Hoechst blue and red fluorescence intensities [1-LM]. The spermatogonia will appear as a side population [2-LM].
3.12.1.  Fig1 Hoechst blue-red (3.11.1).tif: no animation 
3.12.2.  Fig1 Hoechst blue-red (3.11.1).tif: please indicate oval gate 
3.13. “Hoechst blue fluorescence intensity correlates with the DNA content. Therefore, setting this gate prior to generating the Hoechst blue and red plots ensures selection of the cells with the desired ploidy.” [1-MED-interview style]
3.13.1.  Min Jung, speaking the above interview style (looking just off-camera)
3.14. For spermatid isolation, gate the haploid peak. For spermatocytes two isolation, gate the diploid peak. For spermatocytes one isolation, gate the tetraploid peak.
3.14.1.  Fig1 SPD (3.12.1).tif: please outline/indicate oval gate
3.14.2.  Fig1 SPC II (3.12.2).tif: please outline/indicate oval gate
3.14.3.  Fig1 SPC I (3.12.3).tif: please outline/indicate oval gate
3.15. Then sort the selected subpopulations into the individual collection tubes to collect approximately 0.5-6.0 x106 cells for each cell subset [1-CU-TXT].
3.15.1.  Few seconds cells being sorted into collection tubes (TEXT: Hoechst slightly shifts population locations over time/Refresh settings after 20-30 min)
4. Results: Representative Testicular Cell Subset Analyses
4.1. Cell suspensions obtained by mechanical dissociation of fresh tissue, unstained cells [1-LM] or stained with Hoechst demonstrate the presence of single cells in various stages of differentiation [2-LM].
4.1.1. Fig.2A&B (4.1.1).tif: please highlight/indicate top image
4.1.2. Fig.2A&B (4.1.1).tif: please highlight/indicate bottom image OR a few cells in bottom image
4.2. Importantly, the cellular structures appear to be preserved, including the flagella of the spermatozoa [1-LM-TXT].
4.2.1. Fig.2A (4.2.1).tif: please indicate at least one flagella (long thing tail of oval-headed cell in top middle/right of image) (TEXT: Reduce clumping w/ DNase as appropriate)
4.3. After cellular debris exclusion, 95-98% of cells are singlets [1-LM], 86-93% of which are alive [2-LM].
4.3.1. Table 1.xlsx: please indicate Singlets data column
4.3.2. Table 1.xlsx: please indicate Live cells data column
4.4. Plotting the function of blue-red Hoechst fluorescence during FACS facilitates the identification of specific testicular germ cell populations [1-LM].
4.4.1. Fig 3B&C (4.4.1).tiff: no animation
4.5. As expected, the haploid, spermatid population is the most abundant [1-LM], followed by diploid, spermatocyte one cells [2-LM] and tetraploid, spermatocyte two cells [3-LM], a pattern that is preserved across species [4-LM].
4.5.1. Fig 3B&C (4.4.1).tiff: please indicate bottom cell population (red arm of cells with blue center) in at least Mouse dot plot 
4.5.2. Fig 3B&C (4.4.1).tiff: please indicate second from bottom cell population (red arm of cells with blue center) in at least Mouse dot plot 
4.5.3. Fig 3B&C (4.4.1).tiff: please indicate second cell population from top of dot plot (red arm of cells with yellow and blue center) in at least Mouse dot plot 
4.5.4. Fig 3B&C (4.4.1).tiff: please outline/indicate all four small dot plots (i.e. rat, dog, guinea pig, mini pig) on right of Figure in one outline or similar appropriate animation
4.6. Microscopic analysis of the sorted cells reveals that spermatogonia display distinct, small, round, pericentric heterochromatin that stains brightly for Hoechst [1-LM].
4.6.1. Fig4B SPG (4.6.1).tif: no animation OR please indicate some heterochromatin (blue staining) in at least one cell in bottom row of images
4.7. Spermatocytes are larger, granulated cells with easily identifiable nuclei that exhibit chromatin variations characteristic of meiotic cells in the spermatocyte one subpopulation [1-LM] and binucleated or diakinesitic nuclei in the spermatocyte two subpopulations [2-LM].
4.7.1. Fig4B SPC I (4.7.1).tif: please indicate blue nucleus in at least one SPC I cell in bottom row of images
4.7.2. Fig4B SPC II (4.7.2).tif: please indicate blue nucleus in at least one SPC II cell in bottom row of images
4.8. Spermatid are small haploid cells with a round or elongated shape that can be distinguished from spermatogonia by the presence of localized chromocenters [1-LM].
4.8.1.  Fig4B SPD (4.8.1).tif: please indicate blue chromocenter in at least one SPD cell
5. Conclusion (said by authors on camera):
5.1. Min Jung: Once mastered, this technique can be completed in 2 hours if it is performed properly.
5.2. Min Jung: While attempting this procedure, it’s important to remember that Hoechst is both highly-sensitive and genotoxic and that the resolution of the cell populations can be improved by longer incubation periods as needed.
5.3. Ana Lima: Following this procedure, other high-throughput “omics” methods can be performed to answer additional questions regarding epigenetic modifications and transcript and protein abundance and diversity within mammalian species in an evolutionary context.
5.4. Ana Lima: After its development, this technique paved the way for researchers in the field of male reproductive biology to explore the regulatory mechanisms driving spermatogenesis progression in several mammalian species.
5.5. Min Jung: After watching this video, you should have a good understanding of how to process testicular samples for Ho-FACS and how to identify and isolate different male germ cell types based on their Hoechst signal.
5.6. Ana Lima: DNA-binding dyes such as Hoechst and propidium iodide can be extremely hazardous. Always wear the appropriate personal protective equipment when handling these reagents.   
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:

0123_ Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

0123_ 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.  

Fig.2A&B (4.1.1).tif
Fig.2A (4.2.1).tif

Fig 3B&C (4.4.1).tiff

Fig4B SPG (4.6.1).tif
Fig4B SPC II (4.7.2).tif
Fig4B SPD (4.8.1).tif
Fig4B SPC I (4.7.1).tif
Fig1 SPD (3.12.1).tif
Fig1 SPC II (3.12.2).tif
Fig1 SPC I (3.12.3).tif
Fig1 PI (3.8.1).tif
Fig1 Hoechst blue-red (3.11.1).tif
Fig1 Hoechst blue (3.8.2).tif
Fig1 FSC SSC (3.6.1).tif
Fig1 FSC Pulse Woidth (3.6.2).tif
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 in the email accompanying the finalized script.
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