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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  
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: Olympus BX 51WI (N.B a BNC out can be used to record the video signal from the analog CCD camera (Sony XC-ST70/CE))__________
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.)
4.2, 3.2, 3.7
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, pipette open tip diameter is adapted to the size of the targeted cell.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? ______ Different rooms on the same floor will be used for different aspects of the protocol (i.e. -1 dissection/recording/harvesting, -2 PCR preparation, 3- PCR analysis). The room for -80°C storage is located downstairs. ____

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 multiplex single cell reverse transcription polymerase chain reaction experiment is to probe the expression of tens of genes simultaneously from single cells characterized by patch-clamp recording in brain slices. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dr Bruno Cauli: This method can help answer key questions in neuroscience research, such as characterizing neuronal populations or identifying sources and targets of transmission systems [1-MED].
1.1.1. Interview style
1.2. Dr Juliette Piquet: The main advantage of this technique is that it allows to determine the expression profile of a preselected set of genes from a single cell quickly and easily [1-MED].
1.2.1. Interview style

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Gabrielle Devienne: Though this method can provide insight into the neuronal diversity in mouse, it can also be applied to other cell types, such as astrocytes, and in many animal models [1-MED].
1.3.1. Interview style
1.4. Benjamin Le Gac: Visual demonstration of this method is critical as the harvesting and expelling steps can be difficult to learn, because they determine the quantity of cytoplasm to be analyzed [1-MED].
1.4.1. Interview style


E.  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 Charles Darwin local ethics committee and submitted to the French Ministry of Education and Research (Approval 2015 061011367540).




Protocol: (read by voice talent at JoVE)
2. Acute Slice Preparation
2.1. Before sectioning, prepare a dissection kit containing surgical scissors, fine iris scissors, two spatulas, forceps, a disc of paper filter, and cyanoacrylate glue [1-MED-over the shoulder]. Then, saturate the ice-cold cutting solution with carbogen [2-CU], and cool down the cutting chamber at -20 °C [3-MED].
2.1.1. Talent places the tools (surgical scissors, fine iris scissors, two spatulas, forceps, a disc of paper filter, and cyanoacrylate glue) one by one in the box or on the table
2.1.2. CU the ice-cold cutting solution as it is bubbled with carbogen (Videographer Comment: take 2)
2.1.3. Talent places the cutting chamber in the freezer (Videographer Comment: 2nd part)
2.2. Next, remove the animal’s scalp and open the skull [1-CU]. Extract the brain carefully and place it into a small beaker filled with carbogenated ice cold cutting solution [2-CU].
2.2.1. CU the head as the scalp is removed and the skull is opened
2.2.2. CU the brain as it is extracted and placed a small beaker filled with ice cold cutting solution oxygenated with carbogen
2.3. Afterward, remove the cutting chamber from -20 °C [1-MED] and remove the moisture with a paper towel [2-MED]. 
2.3.1. Talent removes the cutting chamber from the freezer 
2.3.2. *Film as written
2.4. Carefully dissect the brain to isolate the region of interest [1-CU]. Glue it on the cutting chamber [2-CU], and add the carbogenated ice-cold cutting solution [3-CU].
2.4.1. CU the brain as the region of interest is being dissected
2.4.2. CU the tissue as it is glued on the cutting chamber
2.4.3. CU the cutting chamber as cutting solution is added
2.5. Using a vibratome, section 300 µm thick slices [1-MED-over the shoulder]. Transfer the slices to a resting chamber filled with oxygenated cutting solution at room temperature [2-MED-over the shoulder] and allow them to recover for at least 30 minutes [3-CU-TXT].
2.5.1. Talent sectioning the tissue using vibratome (Videographer Comment: take 2 Cu at the end)
2.5.2. Talent transferring slices to the resting chamber
2.5.3. CU the slices as they are incubated in the chamber. Text: RT, 30 min <

3. Single Cell RT-PCR after Patch-clamp Recording
3.1. For single cell RT-PCR and the targeted cell characterization, limit whole-cell recording to no longer than 20 minutes in order to preserve the mRNAs [1-MED-over the shoulder]. At the end of the recording, prepare a 500 µL PCR tube filled with 2 µL of 5x RT Mix and 0.5 µL of 20x DTT [2-MED], spin it, and store it on ice [3-CU].
3.1.1. Talent looking at the monitor to show cell activity during patch-clamping
3.1.2. Talent adding RT Mix and DTT in the PCR tube (Videographer Comment: take 4)
3.1.3. CU the tube as it is spun and placed on ice  
3.2. Then, harvest the cell cytoplasm by applying a gentle negative pressure [1-MED]. Monitor and control the cell's content from getting into the pipette while maintaining a tight seal, and avoid collecting the nucleus if some intron-less genes are considered [2-SCREEN]. 
3.2.1. Talent applies a gentle negative pressure by mouth through a syringe connected to the pipette holder
3.2.2. *To be submitted by authors Show that the cell’s content is getting into the pipette without the nucleus (Author Comment: "3-2-2_harvesting.avi" from 0:00:20;00 until the end)
3.3. Gabrielle Devienne: In the case of intronless genes, it is essential to avoid the collection of the nucleus and to include a set of primers aimed at amplifying gDNA to probe for genomic contamination [1-MED].
3.3.1. Interview style (Videographer Comment: last one)
3.4. If the nucleus is getting close to the tip of the pipette, release the negative pressure and move the pipette away [1-SCREEN]. Ensure that the tight seal is preserved [3.4.2A] and restart to collect the cytoplasm at the new pipette location [2-SCREEN] [3.4.2B]. [3- SCREEN].
3.4.1. *To be submitted by authors Show that the nucleus is getting close and the pipette moves away. (Author Comment: "3-4-1_nucleus-pipette .avi")
3.4.2. *To be submitted by authors Show that tight seal is preserved and cytoplasm collection starts at new pipette location (Author Comment: Tight seal preservation and cytoplasm collection are monitored on two different computers. This step should be split in two substeps.)
3.4.2A  [Added Shot]: Show that tight seal is preserved (Author Comment: "3-4-2A_tight seal maintained during harvesting.avi")
3.4.2B. [Added Shot]: Show that cytoplasm collection starts at new pipette location. (Author Comment: "3-4-2B_harvesting at a new location.avi")
3.4.3. *To be submitted by authors Show that no more material comes out from the cell (Author Comment: This step is not really informative and it will be difficult to show that despite the negative pressure nothing comes into the pipette. Doing nothing in the pipette will do the job as well. This step should be removed.)
3.5. Next, withdraw the pipette gently to form an outside-out patch to limit contamination by the extracellular debris and to favor the closure of the cell membrane for subsequent histochemical analysis [1-SCREEN].
3.5.1. *To be submitted by authors. Show that pipette is withdrawn gently to form an outside-out patch (Author Comment: "3-5-1_outside-out patch excision.avi" (might need to be accelerated).)
3.6. Benjamin Le Gac: Keep in mind that knobs, micromanipulators, computer keyboard, or computer mouse are potential sources of RNase contamination. If they have been touched during the recording, change the gloves [1-MED].
3.6.1. Interview style
3.7. Subsequently, attach the pipette to the expeller and expel its content into the PCR tube by applying a positive pressure [1-MED]. Break the tip of the pipette into the PCR tube to help the collection of its content [2-CU].
3.7.1. Talent attaches the pipette to the expeller and applies positive pressure
3.7.1B [Added Shot]: and applies positive pressure (Author Comment: Don’t use this)
3.7.2. CU applies positive pressure and the pipette to show its broken tip helps in content collection  
3.8. Then, briefly centrifuge the tube [1-MED].  Add 0.5 µL of RNase inhibitor and 0.5 µL of RTase, mix gently, centrifuge again [2-MED-over the shoulder], and incubate overnight at 37 °C [3-CU-TXT]. 
3.8.1. Talent places the tube in centrifuge
3.8.2. Talent adding RNase inhibitor and RTase, mixes and places in centrifuge
3.8.3. CU the tube as it is placed in the incubator. Text: Overnight, 37 °C
3.9. The next day, spin the tube [1-MED] and store it at -80 °C for up to several months until PCR analysis and performing first amplification step [2-MED].
3.9.1. *Film as written
3.9.2. Talent places the tube in the freezer

4. PCR Validation 
4.1. To validate PCR, mix and dilute a primer pair at 1 µM with the pipette dedicated to single cell RT-PCR [1-MED-over the shoulder]. 
4.1.1. Talent mixing and diluting a primer pair with a pipette. (Videographer Comment: take 2 Cu at the end)
4.1.2. [Added Shot]: Extra vortex (Editor: This does not need to be used as there is no VO to cover it)
4.2. Set the thermocycler for 3 minutes at 95 °C, run 40 cycles followed by a final elongation step at 72 °C for 5 minutes [3-MED-TXT]. To minimize the formation of primer-dimers, perform a hot start by placing the PCR tubes in the thermocycler pre-heated at 95 °C [1-MED-over the shoulder]. After 30 seconds, quickly expel 20 µL of the primer mix on top of the oil [2-CU]. [3-MED-TXT]. 
4.2.3. Talent sets the thermocycler’s setting. Text: 95 °C, 30 s; 60 °C, 30 s; 72 °C, 35 s; 72 °C, 5 min.  
4.2.1. Talent places the PCR tubes in the thermocycler pre-heated at 95 °C (Videographer Comment: no take number slated)
4.2.2. Show that 20 µL of the primer mix is expelled on top of the oil (Videographer Comment: take 2)
4.2.3. Talent sets the thermocycler’s setting. Text: 95 °C, 30 s; 60 °C, 30 s; 72 °C, 35 s; 72 °C, 5 min.  (Move above 4.2.1) (Author Comment: this step goes before 4.2.1)
4.3. Once the primer pair has been validated, test it with the multiplex protocol [1-LM]. Mix and dilute the external primer together at 1 µM [2-MED-over the shoulder]. Store the multiplex primer mix at -20 °C for up to several weeks [3-MED].
4.3.1. LAB MEDIA_57627_Cauli_ 57627fig3large.jpg:Show the figure 
4.3.2. *Film as written
4.3.3. Talent places the primer mix in the freezer 
4.4. Next, prepare a premix and place it on ice [1-MED-over the shoulder-TXT]. Flick the PCR tube and spin it [2-CU], and add two drops of mineral oil [3-CU].
4.4.1. Talent places a premix on ice. Text: See the accompanying manuscript for premix’s components
4.4.2. *Film as written
4.4.3. CU the PCR tube as it is flicked and spun 
4.4.4. CU the PCR tube as two drops of mineral oil are added 
4.5. After 3 minutes at 95 °C, run 20 PCR cycles [2-MED-over the shoulder]. Perform a hot start as described with 20 µL of multiplex primer mix [1-MED]. 
4.5.2. Talent setting the PCR machine to 20 cycles
4.5.1. Talent places PCR tubes in the thermocycler (Videographer Comment: 2nd part)
4.5.2. Talent setting the PCR machine to 20 cycles (Author Comment: this step goes before 4.5.1)
4.6. Then, prepare a number of PCR tubes identical to the number of genes being analyzed [1-CU]. Prepare a premix using 1 µL of the first PCR product per gene as template. Adjust all the volumes according to the number of genes to analyze and consider using 10% of extra volume to compensate for pipetting errors [2-MED-over the shoulder].
4.6.1. CU a number of PCR tubes
4.6.2. Talent preparing a premix using 1 µL of the first PCR product per gene as template (Videographer Comment: take 2)
4.7. Shake gently, spin the tube, and dispatch 80 µL of premix in each PCR tube [1-MED]. Add two drops of mineral oil per tube without touching the wall or the cap of the tubes [2-CU].
4.7.1. Talent shakes gently, spins the tube and dispatches 80 µL of premix in each PCR tube (Videographer Comment: CU at the end)
4.7.2. CU the tubes as two drops of mineral oil are added
4.8. Run 35 PCR cycles [4.8.1B], then perform a hot start by expelling 20 µL of internal primer mix. [1-MED-TXT]. Analyze the second PCR products by agarose gel electrophoresis [2-CU].
4.8.1B [Added Shot]: Talent sets the setting. Text: 95 °C, 30 s; 60 °C, 30 s; 72 °C, 35 s; 72 °C, 5 min (this step goes before 4.8.1) (Videographer Comment: take 2)

4.8.1. Talent places the tubes in PCR and sets the setting. Text: 95 °C, 30 s; 60 °C, 30 s; 72 °C, 35 s; 72 °C, 5 min
4.8.1B [Added Shot]: Talent sets the setting. Text: 95 °C, 30 s; 60 °C, 30 s; 72 °C, 35 s; 72 °C, 5 min (this step goes before 4.8.1) (Videographer Comment: take 2) (Editor: Not all of the actions in 4.8 seem to be shown, so I’m not sure if this is exactly how the authors want things shifted)
4.8.2. CU an agarose gel as it is being run

5. Results: Characterization of Layer V Neocortical Pyramidal Cells
5.1. A layer V pyramidal neuron was visually identified by its large soma and a prominent apical dendrite [1-LM]. Whole cell recording revealed typical electrophysiological properties of layer V regular spiking neurons with a low input resistance, long-lasting action potentials, and pronounced spike frequency adaptation [2-LM]. 
5.1.1. LAB MEDIA_57627_Cauli_Figure 5A-top.tif: Show the microphoto of a cell (Author Comment: "5-1-1_Figure 5A-top.tif")
5.1.2. LAB MEDIA_57627_Cauli_Figure 5A.tif: Show the rest of the Figure 5A (Author Comment: "5-1-2_Figure 5A.tif")
(Editor: I split 5.1 because the sound bite was too long)
5.1a.  The molecular analysis of this neuron revealed the expression of vGluT1, confirming its glutamatergic phenotype [3-LM]. This neuron also expressed SOM, ATP1α1, and 3 subunits of the Sodium/potassium ATPase. Biocytin labeling of the recorded neurons confirmed a pyramidal morphology [4-LM].
5.1.3. LAB MEDIA_57627_Cauli_Figure 5B.tif: Show the figure and emphasize “vGluT1” (Author Comment: "5-1-3_Figure 5B.tif")
5.1.4. LAB MEDIA_57627_Cauli_Figure 5D.tif: Show the image of the cell (Author Comment: "5-1-4_Figure 5D.tif")
5.2. As expected from glutamatergic neurons, the molecular analysis of 26 layer V pyramidal cells revealed the expression of VGluT1, but neither of the two GADs [1-LM].
5.2.1. LAB MEDIA_57627_Cauli_Figure 5C.tif: Show the graph (Author Comment: "5-1-4_Figure 5D.tif")


6. Conclusion (said by authors on camera)
6.1. Gabrielle Devienne: Once mastered, this technique can be done within two days if it is performed properly [1-MED].
6.1.1. Interview style
6.2. Benjamin Le Gac: While attempting this procedure, it’s important to remember to be very careful to avoid contaminations [1-MED].
6.2.1. Interview style
6.3. Dr Juliette Piquet: After watching this video, you should have a good understanding of how to probe the expression of tens of genes simultaneously from single cells characterized by patch-clamp recording in brain slices, cytoplasm harvesting, reverse transcription and hot-start PCRs [1-MED].
6.3.1. Interview style
6.4. Gabrielle Devienne: Don't forget that working with ethidium bromide can be extremely hazardous and precautions such as wearing gloves and lab coat should always be taken while performing this procedure [1-MED].
6.4.1. 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.
 2018, Journal of Visualized Experiments

