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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (N)  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: __
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (N) 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, 2.3, 3.6, 3.10, 4.6, 5.6
 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.) Labeling (2.1) and hybridization (4.6) of the probe. To ensure proper labeling, the probe is chemically labeled using commercially available kit which prevents dNTP contamination. To ensure focused chromatin we titrate the amount of formamide used for hybridization. To improve hybridization, we suggest incorporating lock nuclei acids (LNA) within the probe.
E.  Will the filming need to take place in multiple locations? (Y) If yes, how far apart are the locations? In the same room, a few feet 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 procedure is to visualize and analyze L1 retrotransposition rates and patterns at the single nucleus level using fluorescence in situ hybridization, or FISH. 


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Kenneth S. Ramos: This method can help answer key questions in the field of L1 biology, such as rates and patterns of retrotransposition at the level of single nuclei. 
1.2. Kenneth S. Ramos: The main advantage of this technique is that it minimizes the risk of over/underestimation of retrotransposition rates and directly elucidates patterns of retrotransposition. With in-silico sequence analysis it can precisely locate L1 insertion sites within the genome. 

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Kenneth S. Ramos: Dr. Pasano Bojang, a talented senior fellow in my laboratory will demonstrate the labeling of the probes, generation of spreads and the FISH procedure.  
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. Pasano Bojang Jr.


Protocol (read by voice talent at JoVE):

2. Chemical Labeling
2.1. To begin, after preparing a 0.7-1% agarose gel in TAE buffer according to the text protocol [2.1.1-WIDE/MED], use Cy3 or FITC to label the SNeo probe [2.1.2-MED/CU] and incubate at 37 degrees C for 1 hour according to the manufacturer’s protocol [2.1.3-MED/CU].
2.1.1. Talent at bench pours agarose gel into mold
2.1.2. Talent pipettes up Cy3 or FITC and adds to tube containing SNeo
2.1.3. Talent places covered tubes at 37 degrees C
2.2. Mix the labeled SNeo probe solution with 1X DNA loading buffer [2.2.1-CU] and load into the wells of the agarose gel [2.2.2-CU].  Then run the gel at 75-100 volts for 15-20 minutes [2.2.3-MED/CU].
2.2.1. Film as written
2.2.2. Film as written
2.2.3. Talent sets power supply voltage and turns it on
2.3. Using a UV illuminator, visualize the probe band [2.3.1-MED/CU] and with a clean blade, cut the labeled SNeo probe from the gel [2.3.2-CU].  Then use a PCR clean up kit according to the manufacturer’s protocol to solubilize and purify the SNeo probe [2.3.3-MED/CU].  
2.3.1. Talent turns on UV light and visualizes band that is in view
2.3.2. Talent uses blade to place gel piece into a microfuge tube
2.3.3. Talent pipettes solution from kit into tube to dissolve gel 
2.4. After purification, rerun 5 ul of SNeo labeled probe with an unlabeled SNeo probe on a 0.7% agarose gel to confirm the size increase and loss of signal intensity [2.4.1-LM]. 
2.4.1. LAB MEDIA Figure 2, Editor, for ‘confirm increase in size and loss of signal intensity, use an arrow coming in from the right side to point out the faint band in the labeled column.
2.5. To quantify the amount of labeled SNeo probe, measure the absorbance at 260 nm [2.5.1-MED/CU] and dilute the SNeo probe to 10 ng/ul aliquots in nuclease free water [2.5.2-CU].  Store the aliquots at -20 degrees C [2.5.3-WIDE].
2.5.1. Talent places sample into spectrophotometer and measures at 260 nm
2.5.2. Film as written
2.5.3. Talent places box of probe tubes in freezer
3. Preparing Chromosome Spreads 
3.1. [bookmark: _GoBack]After generating stable clones expressing retrotransposition competent L1 or vector backbone [3.1.1-LM], grow HepG2 cells stably expressing the control or L1 vector [3.1.2-MED/CU-TXT].
3.1.1. LAB MEDIA Figure 1
3.1.2. Talent under flow hood plating HepG2 cells that express the L1 vector (TEXT: RPMI-1600, 10% FBS, 200 µg/mL, 37°C, 5% CO2)
3.2. Add 0.4 ug/ml of colcemid (“KOHL-suh-mid”) to the culture medium [3.2.1-MED/CU] and incubate for 90 minutes to arrest cells at metaphase [3.2.2-WIDE-TXT].
3.2.1. Film as written
3.2.2. Talent places cells into incubator (TEXT: refer to text protocol for additional details); B need another version for 4.1.2 below; C need another example of talent placing chromosome spreads into incubator for 4.2.4 below; D need another version for 4.7.3 below; 
3.3. Use 10 ml of 1X Dulbecco’s PBS, or DPBS to wash the cells two times, [3.3.1-CU] then add 0.25% trypsin solution and incubate for 5 minutes [3.3.2-CU-TXT].  After the incubation, add 10% FBS to inactivate the trypsin [3.3.3-CU].
3.3.1. Talent adds DPBS to cells to wash
3.3.2. Talent adds trypsin (TEXT: 37°C)
3.3.3. Film as written
3.4. Next, transfer the cells to a 15 ml tube [3.4.1-CU] and centrifuge at 1000 x g and 4 degrees C for 2 minutes [3.4.2-MED].  Then aspirate the medium from the cell pellet [3.4.3-CU] and use DPBS to wash the cells [3.4.4-CU].  
3.4.1. Film as written
3.4.2. Talent places tubes into centrifuge and sets speed and time
3.4.3. Film as written
3.4.4. Talent adds DPBS to wash the cells
3.5. Aspirate all but 200 ul of DPBS [3.5.1-CU/ECU] and use it to resuspend the cells by flicking or gently pipetting to ensure cells are mixed well and contain no clumps [3.5.2-CU/ECU-TXT].
3.5.1. Film as written
3.5.2. Film as written (TEXT: avoid vortexing)
3.6. While rotating the tube horizontally, in a drop-wise manner, add 5 ml of pre-warmed hypotonic solution [3.6.1-CU-TXT] and incubate at 37 degrees C for 20 minutes [3.6.2-WIDE/MED].
3.6.1. Film as written (TEXT: 75 mM KCl, 37°C)
3.6.2. Talent places tubes into incubator (TEXT: refer to text protocol for making hypotonic solution).
3.7. Centrifuge the cells at 120 x g and 4 degrees C for 5 minutes [3.7.1-MED] then remove all but 200 ul of hypotonic solution [3.7.2-ECU].  Wash with Fixative solution 3 times, leaving approximately 200 ul of Fixative solution in the cells between washes [3.7.3-CU].  
3.7.1. Talent places cells into centrifuge and starts spin
3.7.2. Film as written
3.7.3. Talent adds Fixative solution to pellet to wash it.

3.8. After the three washes, check that the pellet is visibly white and swollen [3.8.1-ECU].  Then with 200 ul of Carnoy Fixative solution, resuspend the pellet [3.8.2-CU], and use the fixative to make the following dilutions of the resuspended cells [3.8.3-CU-TXT].
3.8.1. Talent holds tube for camera to show swollen white pellet
3.8.2. Film as written
3.8.3. Talent prepares dilutions (TEXT:  1:2, 1:4, 1:8, 1:16) 
3.9. Drop 10 ul of each dilution onto a dry clean slide from approximately 1 cm above [3.9.1-CU/ECU] and immediately expose the spread-free side of the slide to hot steam from boiling water for 30 seconds [3.9.2-CU].
3.9.1. Film as written
3.9.2. Film as written  
3.10. After drying the spreads at room temperature [3.10.1-CU], stain with DAPI containing mounting medium and mount a coverslip [3.10.2-CU].  Following the incubation, use DPBS to wash the slides 3 times [3.10.3-CU].
3.10.1. Talent picks up a dried spread from the bench
3.10.2. Talent add DAPI containing mounting media 
3.10.3. Talent mount coverslip and seal the edges with nail polish  
3.11. To view the spreads, use a fluorescence/phase contrast microscope at 10X magnification [3.11.1-LM].  After optimizing spread preparation, it is not necessary to stain them [3.11.2-LM].  To mark good spreads, use a Diamond Point Marker on the opposite side of the slide [3.11.3-CU].
3.11.1. LAB MEDIA Figure 3B III
3.11.2. LAB MEDIA Figure 3A III
3.11.3. Talent marks a spread on opposite side of slide
4. Stabilizing, Dehydrating and Hybridization of Spreads with L1-labeled Retrotransposition Probes
4.1. To stabilize and dehydrate metaphase chromosome spreads, apply 200 ul of RNAse A to the samples [4.1.1-CU] and incubate at 37 degrees C for 1 hour [4.1.2-WIDE].
4.1.1. Talent adds RNAse A to samples
4.1.2.  Use 3.2.2B here
4.2. With 2X-SSC, wash the slides 2 times for 5 minutes each [4.2.1-CU] and use 10 mM HCl to rinse the samples [4.2.2-CU].  Then add 1% pepsin to the spreads [4.2.3-CU] and incubate at 37 degrees C for 10 minutes [4.2.4-WIDE].
4.2.1. Talent places slides into 2X-SSC
4.2.2. Talent transfers samples to 10 mM HCl
4.2.3. Film as written
4.2.4. Use 3.2.2C here  
4.3. After using deionized water to rinse the slides, use 2X-SSC to wash the samples 2 times for 5 minutes each [4.3.1-CU].  Then add 4% paraformaldehyde to the spreads [4.3.2-CU] and incubate for 10 minutes before carrying out two additional 2X SSC buffer washes [4.3.3-MED/CU].
4.3.1. Talent transfers samples from deionized water to 2X-SSC
4.3.2. Talent adds 4% paraformaldehyde to spreads
4.3.3. Talent sets samples to incubate
4.4. Following the SSC washes, dehydrate the spreads by incubating the samples for 2 minutes each in the following ethanol series [4.4.1-CU-TXT].
4.4.1. Talent places samples into 70% ethanol with other ethanol dilutions visible (TEXT:  70%, 80%, 95% ethanol).
4.5. Add 30 ng of SNeo to hybridization buffer and heat at 72 degrees C for 10 minutes [4.5.1-MED/CU] before cooling at room temperature for 2 minutes [4.5.2-MED/CU].
4.5.1. Talent adds probe to buffer and places into heat block or water bath
4.5.2. Talent removes tubes from heat and places on bench to cool
4.6. Then, pipette 30 ul of the SNeo probe onto each spread and use a coverslip to cover the sample [4.6.1-CU].  With rubber cement, seal the edges, ensuring no bubble formation occurs [4.6.2-CU/ECU].
4.6.1. Talent adds probe to a spread and covers with a coverslip
4.6.2. Talent adds rubber cement to seal edges – show no bubbles have formed under coverslip
4.7. Heat the slide on a heat block at 72 degrees C for 5 minutes, [4.7.1-MED/CU] then gradually drop the temperature to 37 degrees C [4.7.2-MED/CU].  Incubate overnight in the dark in a humidified chamber at 37 degrees C [4.7.3-WIDE]. 
4.7.1. Talent places slide on heat block
4.7.2. Film as written
4.7.3. Use 3.2.2D here
5. Washing or Addition of Secondary Antibody and Viewing
5.1. To apply a secondary antibody, begin by immersing the slides in 2X SSC buffer to remove the coverslips [5.1.1-CU].
5.1.1. Film as written
5.2. Then immerse the slides in 2X-SSC at 45 degrees C for 5 minutes to wash them [5.2.1-MED/CU] before transferring the samples to wash buffer and washing 2 times at 45 degrees C for 5 minutes each [5.2.2-MED/CU].
5.2.1. Talent places samples in 2X-SSC at 45 degrees C
5.2.2. Talent transfers samples to wash buffer
5.3. Next, immerse the slides in 0.1X SSC buffer at 45 degrees C for 10 minutes [5.3.1-CU].  Then wash the slides in 2X SSC buffer at 45 degrees C for 10 minutes [5.3.2-CU].
5.3.1. Film as written
5.3.2. Talent transfers slides to 2X SSC at 45 degrees C
5.4. After cooling the slides to room temperature, for direct-labeled probes, use 2X SSC to wash the slides 2 times for 5 minutes each [5.4.1-MED/CU].  Equilibrate the slides in detection buffer for 10 min at RT.
5.4.1. Talent picks up cooled slides and transfers to 2X SSC
5.4.2. Talent picks up cooled slides and transfers detection buffer.
5.5. Then add DAPI containing mounting medium and counterstain the samples for 10 minutes [5.5.1-CU-TXT].  Mount a coverslip [5.5.2-MED/CU], and use nail polish to seal the edges [5.5.3-ECU].
5.5.1. Talent adds DAPI containing mounting medium  to samples and covers to allow them to sit (TEXT: 0.1 µg/mL)
5.5.2. Talent adds coverslip on a slide 
5.5.3. Talent seals edges with nail polish
5.6. Finally, analyze L1 retrotransposition using a fluorescence microscope at 40X magnification [5.6.1-MED OVER SHOULDER].
5.6.1. Talent at microscope viewing sample on computer

6. Results: Long Interspersed Nuclear Element-1, or LINE-1 Retrotransposition Analysis 

6.1. As shown here, the density of metaphase chromosome spreads was determined by preparing dilutions and evaluating each spread for density, distribution and distance of spreads from the nucleus.  Low density spreads with even distribution were chosen for subsequent analysis [6.1.1-LM].
6.1.1. LAB MEDIA Figure 3A, Editor, add in the red arrows for ‘the density of metaphase chromosome spreads.’

6.2. These images represent chromosome spreads that were stained with Hoechst dye/DAPI and the spread qualities were evaluated based on the length of chromosomes, the roundness of the spreads and inter-chromosome distance [6.2.1-LM].  
6.2.1. LAB MEDIA Figure 3B, Editor, for length of chromosomes, point out a long linear blue signal in II (top right panel).  For ‘roundness of the spreads,’ point out the roundness of the pattern of the blue blobs in III (bottom left).  For ‘inter-chromosome distance,’ point out the empty space between two blue chromosomes in IV (bottom right).   

6.3. If cells were incubated for a short period in hypotonic solution, chromosome spreads became tightly knotted and individual chromosomes were difficult to visualize [6.3.1-LM].
6.3.1. LAB MEDIA Figure 3B-I, Editor, with the 4 panels still up for 3B, slowly zoom in on I. 

6.4. However, longer incubation in hypotonic solution resulted in rupture of the nuclei, scattering of chromosomes, and/or loss of chromosomes [6.4.1-LM].  Longer incubations in colcemid increased the number of cells in metaphase, but led to condensation of chromosomes [6.4.2-LM].
6.4.1. LAB MEDIA Figure 3B-iii
6.4.2. LAB MEDIA Figure 3B-ii

6.5. As illustrated here, a 90 min incubation in colcemid, 20 minutes in hypotonic solution at 37°C, and the use of a hot steam to burst the cells were found to be optimal conditions for the generation of high quality spreads [6.5.1-LM].
6.5.1. LAB MEDIA Figure 3B-iv, Editor, zoom in slowly on this image and then point out some examples of intact chromosomes (for example the long pair in the center).

6.6. In this experiment, chromosome spreads were stained for L1 retrotransposition using probes that target SNeo. The probe was labeled with both FITC and CY3 to show that in both cases L1 retrotransposition is seen only in cells expressing wild type L1 [6.6.1-LM].
6.6.1. LAB MEDIA Figure 4, Editor, for the second sentence, add in the arrows to point out the red or green spots in the L1-WT Cy3 and FITC, and merged panels when mentioned.

7. Conclusion (said by authors on camera)

7.1. Kenneth S. Ramos: Once mastered, this technique can be done in 6 to 8 hrs if hybridization is cut to 2-4 hours, and if it is performed properly. 
7.2. Kenneth S. Ramos: While attempting this procedure, it’s important to remember to wash thoroughly, optimize hybridization and chemically label probes to prevent dNTP contamination.
7.3. Kenneth S. Ramos: Following this procedure, other methods like sequencing/g-banding can be performed in order to answer additional questions, like which chromosomes undergo L1 insertion.
7.4. Kenneth S. Ramos: After its development, this technique paved the way for researchers in the field of L1 biology to explore retrotransposition rates and patterns in mouse and human cells/blood samples and to determine polymorphic L1 insertions in human populations.
7.5. Kenneth S. Ramos: After watching this video, you should have a good understanding of how to label the L1 specific probe, prepare chromosome spreads and analyze retrotransposition/insertion rates/patterns at the single nucleus level using FISH.
7.6. Kenneth S. Ramos: Don't forget that working with toxic reagents, potential pathogens such as human cell lines, and UV light can be hazardous and therefore, precautions such as wearing protective gear should always be conducted while performing this procedure.  
*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
   

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.  

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 are included in the email accompanying the finalized script.
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