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Author Questionnaire:

1. 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.

2. Does your protocol include software usage? (Y/N) 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.
Yes, we can use screen capture for steps 3.1-3.6
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)

2.1, 4.1, 4.2, 4.4, 4.12, 4.13
4. 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.)
Steps 4.12 and 4.13 are the most challenging. We ensure success by proper pipette technique, steady hands, and focus. 
5. Will the filming need to take place in multiple locations? (Y/N) N
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Sean O’Sullivan: This is a highly accurate and cost-effective method for understanding the complex regulation of gene expression at the single-cell level [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Sean O’Sullivan: The main advantage of this technique is that we can look at 96 single-cells in one batch. This high number of cells lets us identify cellular sub-phenotypes with anatomic specificity [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. James S. Schwaber: This method can be applied to almost any biological system to gain insight into how single-cells respond and if there is an anatomic architecture to that cellular response. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Thomas Jefferson University and Drexel University College of Medicine [1].

1.4.1. Title Card


Section - Protocol
2. Preparing the Samples
2.1. Remove brain from tissue collection box and place onto cryostat chuck
2.2. Collect 10-micron sections containing the central nucleus of the amygdala, or other preferred brain region, by thaw-mounting 10-micron sections onto plain glass slides [1-TXT]. 
2.2.1. 10 micron sections containing the CeA as talent thaw-mounts them onto plain glass slides. TEXT: See text for preparing sections
2.3. Immediately place the glass slides onto a metal pan resting on dry ice [1]. Put the slides with brain sections into a minus 80-degree Celsius freezer as soon as possible [2-TXT].
2.3.1. Metal pan resting on dry ice as talent immediately places the glass slides there. 
2.3.2. Talent places the slides with brain sections into a minus 80 degree Celsius freezer. TEXT: See text for immunofluorescence staining 
2.4. To perform ethanol and xylene dehydration series, first dip the slides into 75% ethanol for 30 seconds [1]. Immediately after, dip the slides in 95% ethanol for 30 seconds [2]. 
2.4.1. Talent dips the slides into 75% ethanol. Use labeled containers.
2.4.2. Slides as talent dips them in 9% ethanol. Use labeled containers.
2.5. Then, dip the slides into 100% ethanol for 30 seconds [1]. Finally, dip the slides directly into a second container containing 100% ethanol for 30 seconds [2].
2.5.1. Slides as talent dips them into 100% ethanol. Use labeled containers.
2.5.2. Slides as talent transfers them to the second container of 100% ethanol. Use labeled containers.
2.6. Following the ethanol dehydration series, dip the slides into freshly poured xylene for 1 minute [1]. Immediately after, dip the slides into a second container of xylene for 4 minutes before drying as described in the text protocol [2]. 
2.6.1. Talent dips the slides into xylene. Use labeled containers.
2.6.2. Slides as talent transfers them to the second container of xylene. Use labeled containers.
3. Laser Capture Microdissection 
3.1. Use fluorescence to identify the stained cell type and its nucleus in the region of interest. Choose one cell or multiple cells if doing single-cell pooled samples. Mark the cells of interest using laser capture microdissection, or LCM, software [1].
3.1.1. 60612_screenshot_1.mp4 – Video editor, this video can be shown starting at 0:30 and going until necessary to cover the narration.
3.2. Place the LCM cap on top of the slice on the region of interest and melt the LCM cap adhesive over the area of the selected single cell as described in the text protocol [1].
3.2.1. Talent works at the microscope to place the LCM cap as talent places on top of the slide on the region of interest. 
3.3. Select the individual cells to be collected for analysis using the LCM software tools. Cells selected must be in the anatomic area of the central nucleus of the amygdala, based on the rat brain atlas and the bregma. Cells should be at least 3 microns from the adjacent stained nuclei [1]. 
3.3.1. 60612_screenshot_2.mp4 – Video editor, please show 1:10-1:40.
3.4. Then, fire the infrared laser to collect the identified single cells [1]. 
3.4.1. 60612_screenshot_3.mp4 – Video editor, please show 0:08-0:25.
3.5. Place the cap in the QC station and view it to ensure that only the desired cells were selected. If other cells were mistakenly selected, an ultraviolet laser can be used to destroy the unwanted cells while the cap remains in the QC station [1-TXT].
3.5.1. Talent places the cap in the QC station and views it. TEXT: QC = quality control 
3.6. Take a photo of the tissue section from where the cell was collected to document its anatomic specificity. Record the distance of the slice from the bregma if appropriate using a rat brain atlas as a reference [1].
3.6.1. 60612_screenshot_4.mp4 – Video editors, please show 0:00-0:22.
3.7. Remove the LCM cap from the QC station and attach the sample extraction device [1]. Then, pipette 5.5 microliters of lysis buffer onto the sample [2-TXT]. 
3.7.1. Talent removes the LCM cap from the QC station and attaches the sample extraction device.
3.7.2. Sample as talent pipettes 5.5 microliters of lysis buffer onto the sample. TEXT: See text for lysis buffer 
3.8. Fit the extraction device onto a 0.5 milliliter microcentrifuge tube and place on a hotplate at 75 degrees Celsius for 15 minutes [1].
3.8.1. Talent fits the extraction device onto a 0.5 mL microcentrifuge tube and places on a hotplate at 75 degrees Celsius.
3.9. Spin down the sample and lysis buffer for 30 seconds at low speed and place the collected sample into a minus 80-degree Celsius freezer [1-TXT].
3.9.1. Talent places the sample into a microcentrifuge. TEXT: 0.01–0.02 x g
4. Single-cell Microfluidic RT-qPCR 
4.1. To perform pre-amplification of single cell mRNA for a dynamic array chip, first add 5 microliters of 5x VILO (5 X V-eye-L-O) to each well of a new 96 by 96 PCR plate [1].
4.1.1. Talent adds 5 microliters of 5x VILO to each well of a 96 well PCR plate (Sample Plate 1).
4.2. Remove LCM single-cell samples from minus 80 degrees Celsius and let thaw briefly [1]. Following centrifugation at a low speed, add 5.5 microliters of the lysed single-cell sample to the PCR plate, adding each sample to its own well [2].
4.2.1. Talent removes the LCM single cell sample from the -80 degree freezer.
4.2.2. Talent adds 5.5 microliters of lysed single-cell sample to 96 well PCR plate (Sample Plate 1). 
4.3. Place the PCR plate with the samples and VILO into the thermocycler and heat at 65 degrees Celsius for 1.5 minutes [1]. Then, spin the plate for 1 minute at 1,300 x g and 4 degrees Celsius, and place the plate on ice [2].
4.3.1. Talent places the PCR plate with the samples and the VILO into the thermocycler and starts heating.
4.3.2. Talent places the plate into the centrifuge.
4.4. Add 10x cDNA synthesis master mix, T4 Gene 32 protein, and DNA suspension buffer to each well [1-TXT]. Place the PCR plate, which is the Sample Plate 1, into the thermocycler and run as detailed in the text protocol [2].
4.4.1. Plate on ice as talent adds 1 microliter of cDNA master mix solution to each well in 96 well PCR plate (Sample Plate 1). 1 microliter of cDNA master mix solution consists of 0.15 microliters of 10x cDNA synthesis master mix, 0.12 microliters of T4 Gene 32 protein, and 0.73 microliters of DNA suspension buffer. TEXT: See text for volumes
4.4.2. Talent places the PCR plate into the thermocycler and sets up program.
4.5. After the cycle, add 9 microliters of Taq polymerase solution to each well in the 96 well PCR plate. 9 microliters consists of 7.5 microliters of Taq polymerase master mix and 1.5 microliters of the primer pool. [1-TXT]. 
4.5.1. Talent adds 9 microliters of Taq polymerase solution to each well in 96 well PCT plate (Sample Plate 1). Taq polymerase solution consists of 7.5 microliters of Taq polymerase master mix, and 1.5 microliters of the primer pool. Use labeled containers. TEXT: See text for preparing the primer pool
4.6. Now, place the PCR plate in the thermocycler and run the preamplification protocol detailed in the text protocol [1].
4.6.1. Talent places the PCR plate into the thermocycler and starts the preamplification protocol.
4.7. Following the preamplification protocol, add 6 microliters of exonuclease solution to each well in the 96 well PCR plate. The exonuclease solution consists of 0.6 microliters of exonuclease-one reaction buffer 10X, 1.2 microliters of exonuclease-one, and 4.2 microliters of DNA suspension buffer [1-TXT]. Place the PCR plate in the thermocycler and run the protocol as listed in the text protocol [2].
4.7.1. Talent adds 6 microliters of exonuclease solution to each well in 96 well PCR plate (Sample Plate 1). Use labeled containers. TEXT: See text for volumes
4.7.2. Talent places 96 well PCR plate (Sample Plate 1) into the thermocycler and starts the protocol.
4.8. Finally, add 54 microliters of TE buffer to each well of the Sample Plate 1 [1]. Spin the PCR plate at 1,300 x g at 5 minutes. Store at 4 degrees Celsius if immediately continuing to the next step [2-TXT]. 
4.8.1. Talent adds TE buffer to each well of Sample Plate 1. Use labeled containers. 
4.8.2. Talent places the PCR plate in the centrifuge and starts run. TEXT: Store at -20 °C if >12 h for next step
4.9. In a new 96 well PCR plate, which is Sample Plate 2, add 5 microliters of DNA binding dye and low ROX mastermix solution. Add 3 microliters of preamplified samples from Sample Plate 1 into the corresponding well in Sample Plate 2 [1-TXT]. Spin the PCR plate at 1,300 x g, and then put the plate on ice [2].
4.9.1. Talent adds add 5 microliters of DNA binding dye and low ROX mastermix solution to Sample Plate 2. 5 microliters of DNA binding dye and low ROX mastermix solution consists of 0.45 microliters of 20X DNA binding dye and 4.55 microliters of Low Rox Master Mix. Use labeled containers 
4.9.2. Talent adds 3 microliters of preamplified sample from Sample Plate 1 its corresponding well in Sample Plate 2. Use labeled containers. TEXT: See text for volumes
4.9.3. Talent removes the centrifuged plate from the centrifuge and places on ice.
4.10. In a new 96-well PCR plate, which is Assay Plate 2, add 5 microliters of assay loading solution to each well. Assay loading solution consists of 3.75 microliters of 2X GE assay loading reagent and 1.25 microliters of DNA suspension buffer per well. [1-TXT]. Then add 2.5 microliters of 10 microMolar qPCR (Q-P-C-R) primer from Assay Plate 1 to its corresponding well in Assay Plate 2 [2]. Spin the PCR plate at 1,300 x g for 5 minutes [3].
4.10.1. [bookmark: _GoBack]Talent adds 5 microliters of assay loading solution to each well in new 96-well PCR plate (Assay Plate 2). Use labeled containers. TEXT: See text for volumes
4.10.2. Talent adds 2.5 microliters of 10 microMolar qPCR primer from Assay Plate 1 into its corresponding well in Assay Plate 2 with a multichannel pipette.
4.10.3. Talent places the PCR plate into the centrifuge.
4.11. To load and run the dynamic array chip, first prime the chip with control line fluid [1]. Then, place the chip in an IFC Controller HX (I-F-C controller H-X ) and run the Prime (136X) (one thirty six X) script [2].
4.11.1. Talent performs a manual injection of fluid into the dynamic array with a syringe. 
Author comment: Note: This was a previously used chip that had already been injected with control line fluid so the chamber overflows in the video.
4.11.2. Talent places the chip into the IFC Controller HX and begins the Prime (136X) script.
4.12. Sean O’Sullivan: Air bubbles are probably the most underappreciated challenge to microfluidic qPCR. Throughout dynamic array chip loading, pipette techniques to mitigate air bubbles should be employed [1].
4.12.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
4.13. Add 6 microliters from Sample Plate 2 into the corresponding sample wells in the 96 x 96 Dynamic Array Chip [1].
4.13.1. Chip as talent adds 6 microliters of the sample from the PCR sample plate into the corresponding sample wells in the 96 x 96 Dynamic Array Chip.
4.14. Now, add 6 microliters from Assay Plate 2 into the corresponding assay wells in the the 96 x 96 Dynamic Array Chip [1]. 
4.14.1. Talent adds 6 microliters from Assay Plate 2 into the corresponding assay wells in the 96 x 96 Dynamic Array Chip.
4.15. Use needles to pop any air bubbles in the wells of the 96 x 96 Dynamic Array Chip [1]. Then, place the chip into the IFC Controller HX and run the Load Mix (136x) script [2].  
4.15.1. Chip as talent uses needles to pop any air bubbles.
4.15.2. IFC Controller HX as talent places the chip there and runs the Load Mix (136x) script.
4.16. Next, remove the chip from the IFC Controller HX [1]. Place the 96 x 96 Dynamic Array Chip into a microfluidic RT-qPCR platform and run the GE Fast 96 x 96 PCR protocol [2]. 
4.16.1. Chip as talent removes it from the IFC Controller HX and peels off the protective sticker.
4.16.2. Talent places the chip into a microfluidic RT-qPCR platform.




Section – Results
5. Results: Microfluidic qPCR Yields Accurate and Anatomically Specific Transcriptional Profiles of Single-Cells 
5.1. The selection of the single cells was validated both visually and molecularly. Visually, cellular morphology was viewed before cell collection [1].
5.1.1. Figure 2 
5.2. Shown here are representative images of a slide with hemisected rat forebrain containing the central nucleus of the amygdala [1]. 
5.2.1. Figure 2A – Video editors, please transition to this figure from the last figure (where it is the top portion).
5.3. Subsequent images show the selection of single cells… [1] and their removal from the tissue for transcriptomic analysis [2]. 
5.3.1. Figure 2BCD.tif – Video editors, please emphasize the middle image.
5.3.2. Figure 2BCD.tif – Video editors, please emphasize the right image.
5.4. Molecularly, cell type-specific markers demonstrated increased expression in their respective cell type [1]. Specifically, increased expression of NeuN (new-N) was observed in neurons… [2], Maf (M-A-F) in microglia… [3], and Gfap (G-F-A-P) in astrocytes [4].
5.4.1. Figure 1C.tif 
5.4.2. Figure 1C.tif - Video editors, please emphasize the purple bar in the left panel (labeled NeuN).
5.4.3. Figure 1C.tif - Video editors, please emphasize the yellow bar in the middle panel (labeled Maf).
5.4.4. Figure 1C.tif - Video editors, please emphasize the green bar in the right panel (labeled Gfap).
5.5. The heat map shows the expression of all samples across 40 assayed genes. Rows are 10-cell pooled samples. The numbers denote the sample clusters and the columns are the genes [1]. 
5.5.1. Figure 1D.tif 
5.6. Multivariate analysis methods show that astrocytes in the withdrawal group were the most affected cell type [1]. Based on these data in the context of other studies, astrocytes likely play a key role in inflammation in the central nucleus of the amygdala during opioid withdrawal [2]. 
5.6.1. Figure 3B 
5.6.2. Figure 3B - Video editors, please emphasize the bottom right panel of the figure (withdrawal column/astrocytes row).



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Sean O’Sullivan: The most important thing to remember about this procedure is to use proper pipette technique to prevent air bubbles [1].

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Video editor: Broll suggestion – shot 4.13.1

6.2. Sean O’Sullivan: Methods to validate transcriptional findings, including protein measures such as Western blot or immunofluorescence, can be used on the same tissue [1]. 

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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