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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  Authors, I changed this to “No” since you indicated no SCOPE shots would be needed.
Can you record movies/images using your own microscope camera? (Y/N)___N______  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: ________Zeiss Axiovert 2000_____________________________________

microscope: _____________________________________________

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

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.) 
_____2.6, 3.1, 3.2, 4.4, 4.5______________________________________
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.) ____3.2, 4.2_______________________
E.  Will the filming need to take place in multiple locations? (Y/N) _N______ If yes, how far apart are the locations? ___________________________________________________

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ariel Levine: Single cell RNA sequencing is a powerful tool for studying transcriptional profiles of cells, particularly in heterogeneous tissues such as the central nervous system [1-MED]. 
1.1.1. Ariel speaks towards camera (looking just off-camera), interview style.

1.2. Ariel Levine: This protocol provides a method for isolating nuclei for single nucleus RNA sequencing.  By using nuclei instead of cells, this method can be applied to difficult-to-dissociate tissues, as well as frozen tissue [1-MED]. 
1.2.1. Ariel speaks towards camera (looking just off-camera), interview style.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Kaya Matson: Furthermore, this method can be applied to study cell type specific changes in cells following disease or injury [1-MED].
1.3.1. Kaya speaks towards camera (looking just off-camera), interview style.
D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. All animal work was performed in accordance with a protocol approved by the National Institute of Neurological Disorders and Stroke Animal Care and Use Committee [1-Title Card].
1.4.1. Title Card 
Authors, we have a 30 word limit on each of the statements that the authors can say and Ariel’s statement was over 30 words.  I split the statement into 2 for Ariel to say and 1 for Kaya to say in order to meet our length requirements/maximum statements per author, while including everything you wanted to say.  Kaya will no longer need an introduction because authors are introduced with on-screen text while speaking.
Protocol: (read by voice talent at JoVE)
2. Preparation of the Spinal Cord
2.1. Begin this procedure with mouse euthanasia as described in the text protocol [1-MED].
2.1.1. Talent prepares the euthanized, draped, mouse for dissection.  
2.2. Next, make an incision along the length of the body to expose the inner organs [1-CU].
2.2.1. Draped mouse as talent gently lifts the abdominal skin with forceps and make an incision along the length of the body to expose the inner organs.
2.3. Eviscerate the mouse by pulling the inner organs from the body cavity using forceps.  Do not use paper towels to clean the area or to remove organs as this may introduce contaminants [1-MED-over the shoulder]. 
2.3.1. Incision as talent pulls the inner organs from the body cavity using forceps.  
2.4. Using spring scissors, cut the vertebral column between the L2 and L3 spinal vertebrae [1-ECU or CU].
2.4.1. Vertebral column as talent uses spring scissors to cut between the L2 and L3 spinal vertebrae.
2.5. To eject the spinal cord, fit a 3 milliliter syringe containing ice-cold PBS with a 25 Gauge one-quarter inch needle [1-MED-over the shoulder].
2.5.1. 3 mL syringe containing ice-cold PBS as talent fits with a 25 Gauge one-quarter inch needle.  
2.6. Place the tip of the needle into the sacral end of the vertebral column.  Use two fingers to pinch the vertebrae to create a tight seal around the tip of the needle and press down on the plunger to eject the spinal cord rostrally [1-CU].
2.6.1. Needle as talent places the tip into the sacral end of the vertebral column.  Talent uses two fingers to pinch the vertebrae to create a tight seal around the tip of the needle and press down on the plunger to eject the spinal cord rostrally
2.7. Place the spinal cord in a petri dish with ice-cold PBS [1-MED-over the shoulder]. If only the lumbar portion of the cord is required, trim away the sacral and thoracic portions of the spinal cord.
2.7.1. Talent places the spinal cord in a petri dish with ice-cold PBS. 
Added shot: Talent trims the spinal cord, leaving only the lumbar region.
2.8. At this point, freeze the tissue and store at minus 80 degrees Celsius or use immediately for either detergent-mechanical cell-lysis, as described here, or hypotonic-mechanical lysis, as described in the text protocol [1-WIDE].  
2.8.1. Talent places the tissue into the -80 degree Celsius freezer.  
3. Detergent-Mechanical Cell Lysis 
3.1. To determine detergent-mechanical cell lysis, place the lumbar spinal cord in a pre-chilled Dounce homogenizer and add 500 microliters of pre-chilled detergent lysis buffer [1-CU].
3.1.1. Dounce homogenizer as talent places the lumbar spinal cord there and adds 500 microliters of pre-chilled detergent lysis buffer.  
3.2. Dounce with 5 strokes of the ‘loose’ pestle A, and then 5 to 10 strokes of the ‘tight’ pestle B [1-MED-over the shoulder].  Avoid lifting the homogenizer out of the lysis solution in between strokes and avoid introducing bubbles [2-CU].
3.2.1. Talent dounces with 5 strokes of the ‘loose’ pestle A.
3.2.2. Lysis solution as talent dounces with 5 strokes of the ‘tight’ pestle.
3.3. Now, place a 40 micron strainer over a pre-chilled 50 milliliter conical tube and pre-wet with 1 milliliter of low sucrose buffer [1-MED-over the shoulder].
3.3.1. 40-micron strainer as talent places it over a pre-chilled 50 mL conical 
3.4. Add 1 milliliter of low sucrose buffer to the Dounce homogenizer containing the crude nuclei in the lysis buffer and mix gently by pipetting 2 to 3 times [1-MED].  Pass the crude nuclei prep over the 40 micron strainer into the pre-chilled 50 milliliter conical tube [2-CU].
3.4.1. Talent adds 1 mL of low sucrose buffer to the Dounce homogenizer containing the crude nuclei in the lysis buffer and mix gently by pipetting 2 to 3 times.
3.4.2. Pre-chilled 50 mL conical tube as talent passes the crude nuclei prep over the 40 micron strainer.
3.5. Pass an additional 1 milliliter low sucrose buffer over the 40 micron strainer, bringing the final volume to 3 milliliters of the low sucrose buffer and 500 microliters of the lysis buffer [1-MED-over the shoulder].
3.5.1. Talent passes 1 milliliter low sucrose buffer over the 40 micron strainer, bringing the final volume to 3 milliliters of the low sucrose buffer and 500 microliters of the lysis buffer.
3.6. Repeat these steps if combining multiple cords, pooling in the same conical tube [1-MED].  Then, centrifuge the sample at 3200 x g for 10 minutes at 4 degrees Celsius [2-MED-over the shoulder].  Once the centrifugation is complete, decant the supernatant [3-CU].
3.6.1. Talent repeats the washes and pools them.
3.6.2. Talent places the sample into the centrifuge, shuts lid and starts run.
3.6.3. Sample tube as talent decants the supernatant.
4. Homogenization and Sucrose Density Gradient 
4.1. Resuspend the pellet using 3 milliliters of low sucrose buffer [1-MED].  Gently swirl to remove the pellet from the wall to facilitate the resuspension [2-CU].  After letting the sample sit on ice for 2 minutes, transfer the suspension to an Oak Ridge tube [3-MED-over the shoulder].
4.1.1. Talent resuspends the pellet in 3 mL of low sucrose buffer.
4.1.2. Pellet as talent gently swirls it to resuspend.
4.1.3. Talent transfers the suspension to an Oak Ridge tube.
4.2. Using the homogenizer at setting 1, homogenize the nuclei in low sucrose buffer for 15 to 30 seconds, keeping the sample on ice [1-MED].
4.2.1. Talent uses a homogenizer setting at 1 to homogenize the nuclei in low sucrose buffer, keeping the sample on ice. 
4.3. Then, use a serological pipette to layer 12.5 milliliters of density sucrose buffer underneath the low sucrose buffer homogenate, taking care not to create a bubble that disrupts the density layers [1-CU].
4.3.1. Pipette as talent uses it to layer a 12.5 mL of density sucrose buffer underneath the low sucrose buffer homogenate, taking care not to create a bubble.
4.4. Centrifuge the tubes at 3200 x g for 20 minutes at 4 degrees Celsius [1-MED-over the shoulder].  Once the centrifugation is complete, immediately decant the supernatant in a flicking motion [2-MED].
4.4.1. Talent places the tubes into the centrifuge, shuts the lid, and starts the run.
4.4.2. Talent decants the supernatant in a flicking motion of the centrifuge tube.
4.5. Kaya Matson: While attempting this procedure, it’s important to remember to immediately remove the Oak Ridge tube from the centrifuge and quickly decant the supernatant [1-MED]. 
4.5.1. Kaya speaks towards camera (looking just off-camera), interview style.
4.6. Using 100 microliters to 1 milliliter of resuspension solution, resuspend the nuclei remaining on the wall [1-CU].  Avoid the myelin ‘frown’ that remains with the detergent-based preparation [2-ECU].
4.6.1. Sample tube as talent uses resuspension buffer to resuspend the nuclei remaining on the wall.
4.6.2. Myelin frown as talent avoids resuspending it.   
4.7. Kaya Matson: Failure to do these steps quickly can result in a nuclei preparation with excess cellular debris or myelin, which can impede downstream single nucleus RNA sequencing [1-MED].
4.7.1. Kaya speaks towards camera (looking just off-camera), interview style.
4.8. Filter the nuclei through a 30 to 35 micron pore-size strainer and collect in a pre-chilled tube [1-MED-over the shoulder].  Determine the nuclei yield using a hemocytometer to count nuclei under a 10X objective before proceeding to single nucleus RNA-Sequencing as described in the text protocol [2-MED].
4.8.1. Talent filters the nuclei through a 30 to 35 micron pore-size strainer and collection a pre-chilled tube.
4.8.2. Talent works at a microscope to count the nuclei.
5. Results: Representative Results of Nuclei Isolated from the Adult Mouse Spinal Cord
5.1. Brightfield and epi-fluorescent images of nuclei, isolated using the detergent-mechanical lysis protocol, are shown at 10X.  These nuclei are isolated in an unbiased manner, allowing for the study of endogenous gene expression profiles at the level of a single cell [1-LM].
5.1.1. 58413_Levine_Figure1.tif 
5.2. Shown here is a representative tSNE plot of small-nuclear-RNA-sequencing from a mouse lumbar spinal cord, using the massively parallel droplet encapsulation platform.  Nuclei isolated from fresh or frozen tissue can be used for sequencing on both commercial and academic platforms [1-LM-TXT].  
5.2.1. 58413_Levine_Figure2.tif.  TEXT Overlay (shown as the first sentence is narrated): Protocol adapted from Macasko et al 2014 
6. Conclusion (said by authors on camera)
6.1. Ariel Levine: This technique enables researchers to explore transcriptional profiles at the single cell level using difficult-to-dissociate tissues such as the spinal cord, or even frozen tissue, such as biobank material [1-MED].
6.1.1. Ariel speaks towards camera (looking just off-camera), interview style.
6.2. Kaya Matson: While attempting this procedure, it’s important to reduce the amount of time between euthanasia and cellular lysis.  Furthermore, it is important to minimize bubbles introduced into solutions, from cellular lysis to resuspension, and to pipet nuclei with care [1-MED].
6.2.1. Kaya speaks towards camera (looking just off-camera), interview style.
6.3. Ariel Levine: Following this procedure, nuclei can be used for alternative applications such as FAC sorting in order to isolate specific cell types [1-MED].
6.3.1. Ariel speaks towards camera (looking just off-camera), interview style.

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.

58413_Levine_Figure1.pptx Brightfield and epi-fluorescent images of nuclei at 10X
58413_Levine_Figure2.tif tSNE plot of results from snRNA-Seq using nuclei from this protocol
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.

�Post shoot by Caitlin





( 2017, Journal of Visualized Experiments


