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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
4.1., 3.8.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.2.3, 3.3.2. To avoid bubbles in these two steps, we will add the cells and beads slowly and carefully. 
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


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

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

1.1. Guang Li: Single cell mRNA sequencing is widely used to understand biological processes 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. Guang Li: The advent of multiplexing strategies has further expanded their application by allowing the profiling of multiple samples in a single experiment, dramatically reducing the cost and avoiding batch effects [1].

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

Introduction of Demonstrator (Said by you on camera):

1.3. Guang Li: Demonstrating the procedure will be Wei Feng, a post doc, and Andrew Przysinda, a technician from my laboratory [1][2].   

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the 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 the University of Pittsburgh.


Section - Protocol
2. Lipid-Based Barcoding 
2.1. After counting, split the cells isolated from embryonic day 18.5 heart chambers into 5 x 105 aliquots [1-TXT] and wash the cells two times with fresh PBS per wash [2].
2.1.1. WIDE: Talent adding cells to tube(s) TEXT: See text for E18.5 heart and chamber isolation details
2.1.2. Talent adding tubes to centrifuge
2.2. Resuspend the pellets in 180 microliters of PBS per sample [1] and add 20 microliters of anchor barcode stock solution to each tube with gentle mixing [2].
2.2.1. Talent adding PBS to tube(s), with PBS container visible in frame
2.2.2. Anchor barcode stock solution being added to tube with mixing, with anchor barcode stock solution container visible in frame
2.3. After a 5-minute incubation on ice, add 20 microliters of co-anchor barcode stock solution to each tube with gentle mixing for an additional 5-minute incubation on ice [1] before washing the cells three times with 1 milliliter of cold PBS supplemented with 1% bovine serum albumin per wash [2-TXT].
2.3.1. Co-anchor barcode stock solution being added to tube with mixing, with co-anchor barcode stock solution container visible in frame
2.3.2. Talent adding PBS + BSA to tube(s), with PBS + BSA container visible in frame TEXT: 5 min, 300 x g, 4 °C
2.4. Then filter the samples into new tubes through one 40-micrometer cell strainer per tube [2].
2.4.1. Cells being filtered
3. Droplet Generation and mRNA Reverse Transcription 
3.1. After counting, assemble the chip B into a chip holder [1] and add 75 microliters of a 50% glycerol solution to the unused wells in row 1 [2], 40 microliters to the unused wells in row 2 [3], and 280 microliters to the unused wells in row 3 [4-TXT]. Note that a training chip is used here to demonstrate the procedure. 
3.1.1. WIDE: Talent assembling chip B
3.1.2. Talent adding glycerol to row 1 well(s), with glycerol container visible in frame
3.1.3. Glycerol being added to row 2, with glycerol container visible in frame
3.1.4. Glycerol being added to row 3, with glycerol container visible in frame TEXT: Do not add glycerol to top row recovery wells 
3.2. Add freshly prepared master mix [1-TXT] and nuclease-free water to the appropriate volume of cells with gentle pipetting [2] and add 75 microliters of the resulting cell solution to the bottom center of the sample well in row 1 without bubbles [3].
3.2.1. Talent adding master mix to cells, with master mix and cell containers visible in frame TEXT: See Table 1 for all solution preparation details
3.2.2. Talent adding water to cells, with water and cell containers visible in frame
3.2.3. ECU: Cells being added to well Videographer: Difficult step
3.3. Vortex the gel beads for 30 seconds [1] before slowly adding 40 microliters of beads to the bottom center of the gel bead well in row 2 without bubbles [2].
3.3.1. Beads being vortexed
3.3.2. Beads being added to well Videographer: Difficult step
3.4. Add 280 microliters of partitioning oil down the sidewall of the partitioning oil well in row 3 [1] and attach the gasket to the chip without pressing down on the gasket and keeping the gasket horizontal to avoid wetting the gasket [2].
3.4.1. Oil being added to well Videographer: Important step
3.4.2. Gasket being attached to chip Videographer: Important step
3.5. Load the assembled chip with the gasket in the chromium controller [1] and run the chromium single cell B program [2]. Note that the screen shows “Chromium training” for the training chip, but for the real experiments, the screen will display “chromium single cell B”. 
3.5.1. Talent loading chip
3.5.2. Talent running program
3.6. When the program has completed, immediately remove the chip [1] and discard the gasket [2].
3.6.1. Talent removing chip
3.6.2. Gasket being discarded 
3.7. Fold the lid back to expose the wells at a 45-degree angle [1] and check the liquid levels to make sure no clogs are present [2].
3.7.1. Lid being folded
3.7.2. Shot of liquid level/absence of clogs
3.8. Slowly aspirate 100 microliters of gel beads-in-emulsion from the lowest points of the recovery well [1] and check the uniformity of the beads [2].
3.8.1. GEM being aspirated Videographer: Important step
3.8.2. Shot of GEM Videographer: Important step
3.9. Dispense the emulsified beads down the wall of a new PCR tube on ice [1] and place the tube in a thermal cycler for reverse transcription [2-TXT].
3.9.1. Beads being added to side of tube
3.9.2. Talent placing tube into cycler TEXT: Product can be stored ≤1 wk at -20 °C
4. Post Single Cell Reverse Transcription Cleanup
4.1. To prepare the cDNA for amplification, add 125 microliters of recovery agent to the sample at room temperature to acquire a biphasic mixture [1-TXT]. No opaque liquid should be observed and avoid pipetting or vortexing [2]. 
4.1.1. WIDE: Talent adding agent to sample TEXT: cDNA: complementary DNA
4.1.2. Shot of clear liquid
4.2. Wait 60 seconds before slowly removing the recovery agent from the bottom of the tube [1] and add 200 microliters of vortexed bead cleanup mixture to the sample [2].
4.2.1. Shot of tube, then reagent being removed
4.2.2. Talent adding beads to tube, with bead container visible in frame
4.3. Pipette the mixture 10 times [1] before incubating for 10 minutes at room temperature [2].
4.3.1. Mixture being pipetted
4.3.2. Talent setting timer, with tube at RT visible in frame
4.4. Next, place the samples onto a magnet in the high position [1]. When the solution clears, remove the supernatant [2] and add 200 microliters of 80% ethanol to the pellet [3].
4.4.1. Talent placing sample onto the magnet in high position
4.4.2. Shot of clear solution, then supernatant being removed
4.4.3. Ethanol being added, with ethanol container visible in frame
4.5. After 30 seconds, remove the ethanol [1] and repeat the wash two more times [2].
4.5.1. Ethanol being removed
4.5.2. Talent adding ethanol to tube, with ethanol container visible in frame
4.6. After the last wash, briefly centrifuge the sample [1] and place the tube on the magnet in the low position [2] to allow the sample to air dry for less than 2 minutes [3].
4.6.1. Talent adding tube(s) to centrifuge
4.6.2. Tube being placed into low position
4.6.3. Talent setting timer, with tube visible in frame
4.7. When the sample has dried, remove the tube from the magnet [1] and add 35.5 microliters of freshly prepared elution solution [2].
4.7.1. Talent removing magnet
4.7.2. Talent adding elution solution to tube, with elution solution container visible in frame
4.8. After a 2-minute incubation at room temperature, place the sample on the magnet in the high position until the solution clears [1] before transferring 35 microliters of the sample to a new tube strip [2].
4.8.1. Talent placing tube onto magnet in high position
4.8.2. Sample being added to strip
5. cDNA Amplification
5.1. For cDNA amplification using the lipid-based barcoding strategy, add amplification reaction mixture to the 35-microliter cDNA samples with thorough mixing [1] before briefly centrifuging [2].
5.1.1. WIDE: Talent mixing mixture into tube, with mixture container visible in frame
5.1.2. Talent placing tube(s) into centrifuge
5.2. At the end of the spin, incubate the sample in a thermal cycler following the appropriate cDNA amplification procedure [1-TXT].
5.2.1. Talent adding tube to thermocycler TEXT: See Table 2 for thermocycler parameter details 
5.3. After vortexing the reaction product, add 120 microliters of select reagent [1] and 100 microliters of ultrapure water to 100 microliters of sample [2] and pipette the resulting 0.6x select reagent 15 times [3].
5.3.1. Talent adding select reagent to tube, with select reagent container visible in frame
5.3.2. Talent adding water to tube
5.3.3. Tube being mixed
5.4. [bookmark: _Hlk20417020]After a 5-minute incubation at room temperature, place the sample on magnet until the solution becomes clear [1] and transfer the supernatant to a 1.5-milliliter low bind tube for multiplexing barcoded cDNA library construction [2-TXT].
5.4.1. Talent placing sample onto magnet
5.4.2. Talent adding supernatant to tube TEXT: See text for barcoded cDNA library multiplexing details
5.5. Wei Feng:  Remember to save both the supernatants and beads, as the supernatants contain the sample barcode cDNA and the beads contain the endogenous cDNA [1].

5.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
5.6. Clean the endogenous cDNA with fresh elution buffer as demonstrated [1] and elute the DNA with 40 microliters of elution buffer [2].
5.6.1. Talent adding 80% ethanol to tube, with elution solution container visible in frame
5.6.2. Talent adding EB buffer to tube, with EB buffer container visible in frame
5.7. Then run a quality control check of the endogenous cDNA [1] before preparing an endogenous transcript library [2-TXT].
5.7.1. LAB MEDIA: Figure 2
5.7.2. Talent adding buffer to sample, with library kit visible in frame TEXT: See text for full library preparation details



Section – Results
6. Results: Representative Multiplexed Single Cell mRNA Sequencing Analysis

6.1. The cDNA concentration should be quantified and qualified before library construction [2].

6.1.1. LAB MEDIA: Figure 2A

6.2. The constructed libraries, including the endogenous cDNA [1] and barcode libraries, should also be quantified and qualified before sequencing [2].

6.2.1. LAB MEDIA: Figures 2B and 2C Video Editor: please emphasize Figure 2B
6.2.2. LAB MEDIA: Figures 2B and 2C Video Editor: please emphasize Figure 2C

6.3. After sequencing, the barcode expression can be analyzed in each single cell [1].

6.3.1. LAB MEDIA: Figure 3A

6.4. For example, in this analysis, 8 groups of single cells that uniquely expressed one type of barcode, representing cells from 8 different samples, were observed [1].

6.4.1. LAB MEDIA: Figure 3A Video Editor: please emphasize 8 groups of yellow lines starting from the top to the bottom of the image

6.5. In addition, some cells did not express any barcode and therefore were defined as negative cells [1], while other cells expressed two different barcodes, representing doublets [2].

6.5.1. LAB MEDIA: Figure 3B Video Editor: please emphasize green dots
6.5.2. LAB MEDIA: Figure 3B Video Editor: please emphasize red dots

6.6. Using the singlet cells, the cellular heterogeneity and molecular regulations could be assessed by cell type annotation [1], novel and rare cell type identification [2], anatomical zone comparative analysis [3], and gene ontology pathway analysis, such as cell cycle phase separations [4].

6.6.1. LAB MEDIA: Figure 4 Video Editor: please emphasize Figure 4A
6.6.2. LAB MEDIA: Figure 4 Video Editor: please emphasize Figure 4B
6.6.3. LAB MEDIA: Figure 4 Video Editor: please emphasize Figure 4C
6.6.4. LAB MEDIA: Figure 4 Video Editor: please emphasize Figure 4D


Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Andrew Przysinda: It is helpful to image the gel beads-in-emulsion if you can, as the image will show whether or not the procedure has been successful up to this point [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 3.8.)
7.2. Guang Li: The sample multiplexing adds great flexibility to designing your own single cell experiments. After watching this demonstration, I hope you will be more confident about starting your own experiments [1]. 
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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