Submission ID #: 58690
Editor Name: Jo Clark 
Videographer name: M. Lenz
Film Date: 9/17/2018
Link:  http://www.jove.com/files_upload.php?src=17900498

Authors and Affiliations: Anirban Paul and Z. Josh Huang

Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, USA

Title: Single-Cell RNA Sequencing of Fluorescently Labeled Mouse Neurons Using Manual Sorting and Double In Vitro Transcription with Absolute Counts Sequencing (DIVA-Seq) 

Corresponding Author:  
Z. Josh Huang
huangj@cshl.edu

Co-authors: Anirban Paul (paula@cshl.edu)

A.  Microscopy: Does yourprotocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y
Can you record movies/images using your own microscope camera? 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: Leica MZ16F fluorescent dissection scope
B.   Software Usage: Does your protocol include detailed descriptions of software usage? 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 3.8, 4.3, 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. 4.3, 4.4
E.  Will the filming need to take place in multiple locations? Y adjacent rooms

1. Introduction 

A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Anirban Paul: This method can help solve a key obstacle in the field of single-neuron isolation and sequencing, such as collecting specific population or a subpopulation of fluorescently labeled neurons from user defined brain area [1-INT]. 
1.1.1. Named author states the above, looking slightly off frame, interview style.
1.2. Anirban Paul: The main advantage of this technique is that it ensures the single neuron of interest is captured without contaminating debris. It is also relatively gentle, which is important for fragile neuron types that die quickly when subjected to fluid pressures of conventional FACS sorting [1-INT].
1.2.1. Named author states the above, looking slightly off frame, interview style.

D.  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) Cold Spring Harbor Laboratory, NY

Protocol: (read by voice talent at JoVE)
Videographer note: Because of the required lighting most of the SCOPE shots required me to bump up the ISO on my camera to ranges that will make the video rather grainy than usual. 
> 
> In addition, the lab is about to get a camera and monitor system that would be attached to the Their dissection scope. The lab could potentially send screen captures when this new system is installed in the next month or two.

2. Preparation for Dissection and Neuron Sorting 
2.1. Start by preparing pulled glass microcapillaries with 10 to 15-micron exit diameter using a capillary puller [1-MED-TXT]. Use fine scissors to cut the tip of the capillary to get the desired bore diameter [2-MED-over the shoulder]. 
2.1.1. Talent loading a glass capillary into the pipette puller, turning it on and pulling the pipette (shot can be edited for length). TEXT: Settings: heat = 508, pull = blank, vel = blank, time = blank.
2.1.2. Talent cuts the tip of a pulled capillary with a fine scissor and places it on a tray with ~40 such prepared glass capillaries.
2.2. Then use tubing connectors to attach a 120 to 150-centimeter length of flexible silicone tubing with 0.8 millimeter inside diameter to a 0.2-micron PVDF membrane syringe filter and a two-way tubing valve [1-CU]. 
2.2.1. Talent’s hands connect the silicon tubing, syringe filter and 2-way tubing valve with tubing connectors. 
2.3. Prepare 500-milliliters of chilled artificial cerebrospinal fluid, or ACSF [1-MED], and oxygenate by bubbling 5% carbon dioxide balanced oxygen through an airstone for 15 minutes [2-MED-over the shoulder] or until the solution clears completely [3-CU].
2.3.1. Talent takes a 500 mL bottle of ACSF from the stir plate and then transfers it to an ice bucket full of ice. 
2.3.2. Talent turns on flow of oxygen and then places the airstone into the beaker of ACSF. 
2.3.3. Shot of the cleared ACSF. 
2.4. Prepare three 150-milliliter beakers, each containing 100-milliliters of ACSF [1-MED]. 
2.4.1. Talent pours ACSF from the bottle last seen in 2.3.3. into three 150 mL beakers. 
2.5. To one, add a cocktail of activity blockers [1-MED-over the shoulder]. 
2.5.1. Talent places a beaker on a stir plate and then adds inhibitors. 
2.6. To another add Streptococcus fraction IV protease to a final concentration of 1 milligram per milliliter [1-CU]. 
2.6.1. Shot of a beaker of ACSF stirring on the stir plate as the Streptococcus fraction IV protease is added. 
2.7. To the final beaker add FBS to a final concentration of 1% and oxygenate with 5% carbon dioxide balanced oxygen through an airstone [1-MED].
2.7.1. Talent adds FBS and then places an airstone into one of the 150 mL beakers. 
2.8. Finally, make three long-stemmed Pasteur pipettes with decreasing exit diameters by rolling them over an open flame [1-MED-over the shoulder].
2.8.1. Talent holds a long-stemmed Pasteur pipette into the flame of a Bunsen burner and gently turns it to close off the end. 
3. Brain Sectioning and Cell Dissociation
3.1. Dissect the brain from a euthanized mouse by opening the cranium with a small scissor and extracting the fresh brain using fine forceps without damaging the cortex [1-CU]. 
3.1.1. The cranium is already open, and the brain is extracted using fine forceps ~20 seconds of footage so will need include some of the realsing actions, not sjut lifting the untethered brain from the skull. Videographer note: Split into two shots. Second shot is 3.1.1B.
3.2. Place the brain in chilled and oxygenated ACSF, leaving an airstone attached to 5% carbon dioxide balance oxygen during the entire duration of the sectioning [1-MED].
3.2.1. This will be done in the vibratome reservoir
3.3. Position the brain on the vibratome chuck [1-CU] and cut coronal or sagittal sections at 300-micron thickness [2-MED-over the shoulder]. Collect as many sections as needed to obtain a minimum of 10 to 50 labeled cells [3-CU]. Put slices on a cotton meshed slice holder, placed inside a beaker so they are bathed in oxygenated ACSF [4-CU]. 
3.3.1. The brain is positioned on the chuck. 
3.3.2. Talent operating the microtome to cut a section. 
3.3.3. A section is collected with a paint brush. 
3.3.4. The section in placed onto a cotton meshed slide holder inside a beaker of ACSF. 
3.4. Move the slices into the beaker containing ACSF with activity blockers and block for 15 to 20 minutes at room temperature while bubbling oxygen using airstone [1-MED-over the shoulder].
3.4.1. Talent moves the slice holder containing the slices into the beaker of ACSF with activity blockers prepared in 2.5.1. 
3.5. Move the slices to the beaker containing ACSF with the protease solution to perform mild digestion at room temperature [1-MED-TXT]. 
3.5.1. Talent moves the sections to the labeled beaker of ACSF containing Streptococcus fraction IV protease and places a bubbler. TEXT: 20-30 min for P4-14 animals or up to 45-60 min for P28-56 animals. 
3.6. Following the digestion, wash out the protease by moving slices back to the beaker containing ACSF with activity blockers solution for 5 to 10 minutes at room temperature. Keep bubbling oxygen [1-MED-over the shoulder].
3.6.1. Talent transfers the slices back to the beaker used in 3.4.1., places the bubbler into the beaker and then presses start on a countdown timer set to 5 minutes and sets it down next to the beaker. 
3.7. Next, prepare a 100-millimeter Petri dish containing ACSF with 1% FBS at room temperature [1-MED], and move individual sections into the dish for microdissection [2-MED-over the shoulder]. 
3.7.1. Talent pours ACSF containing 1% FBS from the beaker prepared in 2.7.1. into a Petri dish. 
3.7.2. Talent transfers a section from the beaker of ACSF with inhibitors and places it in the Petri dish. 
3.8. Under a fluorescent dissection scope [1-MED-over the shoulder], use a pair of fine forceps to microdissect areas and layers of interest having a minimum of 10 to 50 cells [2-SCOPE]. 
3.8.1. Talent places the dish on the microscope stage, looks through the oculars and adjusts the focus.  
3.8.2. The area of interest is dissected with forceps. 
3.9. Using a Pasteur pipette [1-CU], move the microdissected pieces to a 2-milliliter microcentrifuge tube containing approximately 0.8-milliliters of 1% FBS in ACSF solution [2-CU].
3.9.1. Microdissected pieces are sucked up into a Pasteur pipette from the dissection dish. Videographer note: 3.9.1 and 3.9.2 were merged into one shot. 
3.9.2. The pieces are dispensed into the microfuge tube. 
3.10. Triturate the dissected tissue in the microfuge tube at room temperature [1-MED-over the shoulder]. Perform approximately 10 strokes with each of the flamed Pasteur pipettes, starting with the biggest and ending with the smallest exit diameter [2-CU].
3.10.1. Talent picks up one of the Pasteur pipettes prepared in 2.8.1. and begins to triturate the tissue. 
3.10.2. The tissue is triturated ~10 times. 
4. Manual Sorting of Fluorescently Labeled Mouse Neurons
4.1. Dispense the dissociated cells into a 100-millimeter Petri dish containing oxygenated ACSF and wait 5 to 7 minutes for the cells to gradually settle [1-CU-TXT]. 
4.1.1. The dissociated cells are dispensed from the Pasteur pipette into a Petri dish containing ACSF. The dish is already on the stage of the dissection microscope. TEXT: Optional: Petri dish can be thinly coated with 5 mm of 1% agar or clear silicone compound at 1:10 ratio. 
4.2. Observe the GFP and RFP signal under a dissection microscope [1-MED]. Identify debris by examining the morphology under bright field illumination [2-SCOPE]. 
4.2.1. Talent looks through the microscope and moves the slider to examine GFP and RFP fluorescence. 
4.2.2. The visual field is seen under GFP or RFP fluorescence some debris and some single cells are seen, then the illumination is changed to BF. 
4.3. Once an area of cells with little debris has been identified, use the capillary and attached tubing to pick cells by blocking the end of the tubing valve with the tongue [1-MED]. 
4.3.1. Talent picks up the capillary with tubing attached (last seen in 2.2.1) and places the tubing in their mouth, blocking the end of the tubing with the tip of their tongue. 
4.4. Then position the capillary close to the cells [1-SCOPE-TXT]. Release the block on the capillary and quickly block again [2-MED] to capture the cell using capillary action [3-SCOPE]. 
4.4.1. The pipette moves close to a group of cells seen under fluorescent light. TEXT: Collect ~50-75 cells each time. 
4.4.2. Talent releases the block on the tubing with their tongue and then replaces it. 
4.4.3. The cell is sucked into the capillary. 
4.5. Move the capillary to a 100-millimeter Petri dish with fresh, oxygenated ACSF and gently blow into the tube while observing the capillary tip under fluorescence optics [1-MED] to dispense the cells into the dish [2-SCOPE]. 
4.5.1. *film as written. 
4.5.2. The cells are seen to move out of the capillary and into the dish of ACSF. NB difficult step to captire. 
4.6. Repeat the collection procedure until 100 to 150 cells are collected making sure that contaminants such as debris are minimal in bright-field differential interference contrast optics [1-MED]. 
4.6.1. Footage of Talent performing the collection procedure without interspersed scope shots so that the viewers get an idea of how rapid the collection procedure is. 
4.7. Finally, using a fresh microcapillary pipette each time [1-MED], choose a single cell [2-SCOPE], and expel it in no more than 0.5-microliters into a 0.2-microliter microfuge tube containing 1-microliter of sample collection buffer with primers [3-MED-over the shoulder-TXT]. Break the pipette tip in the microfuge tube to ensure that the cell stays in the collection buffer [4-CU]. [Note from VO: These volumes don’t make sense mathematically, so I recorded a second take with my best guess of what they’re supposed to be] 
4.7.1. [bookmark: _GoBack]Talent changes the capillary on the tubing. 
4.7.2. A single cell is seen and is aspirated into the capillary. 
4.7.3. The cell in a small volume is expelled into a 0.2 uL microfuge tube. TEXT: N10B1-N10B96 primers. 
4.7.4. The pipette tip is broken in the tube. 
4.8. Freeze the cells by putting tubes on dry ice [1-MED-over the shoulder]. Store in a    -80 °C freezer until processing for RNA amplification [2-WIDE-TXT].
4.8.1. Talent reaches over and places the tube into a bucket of dry ice. 
4.8.2. Talent approaches the -80 °C freezer, places a box of samples inside and closes the door. TEXT: See written protocol for RNA amplification procedure. 
5. Results: Microdissection of GABAergic Neurons 
5.1. GABAergic neurons were isolated from the cingulate cortex [1-LM] of the mouse brain [2-LM]. 
5.1.1. LAB MEDIA: 58690_Huang_Figure1_slice_schematic. Show image. 
5.1.2. LAB MEDIA: 58690_Huang_Figure1_slice_fluo. Show image. 
5.2. RNA amplified from the manually-sorted neurons ranged between 200 to 4000 base-pairs in size, with a peak distribution slightly above 500 base pairs [1-LM]. 
5.2.1. LAB MEDIA: 58690_Huang_Figure3A. Video Editor please show image without the vertical line and then add in the vertical line when “peak distribution…” is narrated. 
5.3. After bead-purification, the cDNA library is further size-restricted by a second round of purification using beads to eliminate fragments less than 200 base pairs and with a peak at approximately 350 base pairs [1-LM]. 
5.3.1. LAB MEDIA: 58690_Huang_Figure3C. Video Editor please show image without the vertical lines and then add in the vertical line near 350 when “a peak at approximately 350 base pairs” is narrated. 
5.4. Sequencing showed a 4.8 × 105 median, or 6.9 × 105 average mapped reads per cell [1-LM]. 
5.4.1. LAB MEDIA: 58690_Huang_Figure4A. Video Editor please show image without the red line and then add it in after a beat.  
5.5. After duplicate RNA removal using UMIs, each single cell had a 1.0 × 105 median, or 1.4 × 105 average unique reads per cell [1-LM].  
5.5.1. LAB MEDIA: 58690_Huang_Figure4B. Video Editor please show image without the red line and then add it in after a beat.  
5.6. In each single-cell external RNA controls consortium, spike-in RNA was used as an internal control to calculate absolute number of molecules added to the sample. There was a linear relationship of input to observed counts, with a slope of 0.92 and adjusted r-square of 0.94 [1-LM]. 
5.6.1. LAB MEDIA: 58690_Huang_Figure4C. Show image. 
5.7. An average of around 10,000 genes per single neuron were detected using this procedure [1-LM] with more than 95% of the single cells detecting more than 6,000 genes [2-LM]. 
5.7.1. LAB MEDIA: 58690_Huang_Figure4D. Show image. 
5.7.2. LAB MEDIA: 58690_Huang_Figure4F. Show image. 

6. Conclusion (said by authors on camera)
6.1. Anirban Paul: After its development, this technique paved the way for molecular neurobiologists to explore the transcriptome of distinct well-characterized mouse cortical interneurons and identify select gene categories that are responsible for encoding cellular identity [1-INT]. 
6.1.1. Named author states the above, looking slightly off frame, 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.


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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