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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No 

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

4. Filming location: Will the filming need to take place in multiple locations?   No



Current Protocol Length

Number of Steps:  13
Number of Shots:  32

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Kurt Weir:  This protocol will enable the use of scRNA-seq for initial phenotyping and, when paired with scATAC-seq, reconstruction of gene regulatory networks.
1.1.1. INTERVIEW: Named talent says the statement above in an interview style shot, looking slightly off-camera
1.2. Kurt Weir: The use of MULTI-seq keeps costs low for initial investigation and fixing paired samples for scRNA-seq and scATAC-seq enables time course analysis of gene regulatory networks.
1.2.1. INTERVIEW: Named talent says the statement above in an interview style shot, looking slightly off-camera

OPTIONAL:
1.3. Patrick Leavey: Investigators can apply this protocol to understand the genetic networks controlling development and disease progression.
1.3.1. INTERVIEW: Named talent says the statement above in an interview style shot, looking slightly off-camera


Ethics Title Card
1.4. The use of animals for these studies was conducted using protocols approved by the Johns Hopkins Animal Care and Use Committee, in compliance with ARRIVE guidelines, and were performed in accordance with relevant guidelines and regulations.

Protocol
2. Cell Barcoding
2.1. To begin, add 20 microliters of anchor-barcode solution to each sample and pipette it to mix [1]. Incubate it on ice for 5 minutes [2], then add 20 microliters of co-anchor solution to each sample and incubate on ice for another 5 minutes [3]. 
2.1.1. WIDE: Establish the shot of talent working on the bench
2.1.2. Incubating the tube on ice
2.1.3. Talent adding solution to the sample Videographer: This step is important!
2.2. Add 1 milliliter of ice-cold 1% BSA in PBS to each sample [1] and centrifuge the cells at 300 times g for 5 minutes at 4 degrees Celsius [2]. Remove the supernatant without disturbing the cell pellet [3], then add 400 microliters of ice cold 1% BSA in PBS. Centrifuge at 300 x g for 5 minutes at 4 degrees Celsius [4-TXT].
2.2.1. Talent adding BSA to each sample
2.2.2. Talent putting the tubes for centrifugation 
2.2.3. Talent removing the supernatant Videographer: This step is important!
2.2.4. Talent putting the tubes in centrifuge TEXT: Repeat wash 2X
2.3. Determine the concentration of cells for each sample using a hemocytometer and calculate the total number of cells and volume required for gel bead-in-emulsion, or GEM (pronounce ‘gem’) [1]. Combine the calculated volumes from each sample in a new sterile 1.5-milliliter tube and determine the final cell concentration of the combined samples [2].
2.3.1. Talent using hemocytometer and looking in microscope
2.3.2. Talent adding the cells to the tube
2.4. After GEM generation and barcoding, perform gene expression cDNA cleanup using size selection, making sure to not discard the supernatant from the first round of selection, which contains the sample barcode. Transfer the supernatant to a new sterile 1.5-milliliter microcentrifuge tube and store it on ice [1]. 
2.4.1. Talent transferring the supernatant to a tube Videographer: This step is difficult and important!
2.5. Vortex the paramagnetic bead-based size selection reagent [1] and add 260 microliters of the reagent and 180 microliters of 100% isopropanol to the supernatant [2]. Pipette the mix 10 times and incubate at room temperature for 5 minutes [3]. 
2.5.1. Talent vortexing the reagent
2.5.2. Talent adding the reagent to the tube
2.5.3. Talent mixing the tube and keeping it at room temperature
2.6. Place the tube on a magnetic rack and wait for the solution to clear [1]. Once the solution is clear, remove and discard the supernatant [2]. Add 500 microliters of 80% ethanol to the beads for 30 seconds [3], then discard the supernatant. Repeat this for a total of 2 washes [4]. 
2.6.1. Tube on magnetic rack with clear solution
2.6.2. Talent removing and discarding the supernatant
2.6.3. Talent keeping the tube on rack
2.6.4. Talent removing the tube and discarding the supernatant
2.7. Briefly centrifuge the beads and return them to the magnetic rack [1]. Set the timer to two minutes, then remove the residual ethanol with a P10 pipette and air-dry the beads on the magnetic rack for the remaining two minutes [2].
2.7.1. Talent putting the tube on magnetic rack
2.7.2. Talent removing the ethanol with pipette Videographer: Take this shot with clearly visible timer in backdrop/ one side, this step is difficult!
2.8. Remove the beads from the magnetic rack and resuspend them in 100 microliters of elution buffer [1]. Pipette thoroughly to resuspend and incubate at room temperature for 2 minutes [2], then return the beads to the magnetic rack and wait for the solution to clear [3]. 
2.8.1. Talent resuspending the beads in elution buffer
2.8.2. Talent pipetting beads with buffer solution
2.8.3. Talent putting the tube on magnetic stand
2.9. Transfer the supernatant to a fresh 1.5-milliliter microcentrifuge tube. Repeat the cleanup as demonstrated, using half the volume of elution buffer [1].
2.9.1. Talent transferring the supernatant to the tube

3. Paired scRNA-seq and scATAC-seq 
3.1. For the samples destined for scATAC-seq, remove any liquid from the microcentrifuge tube using a P200 pipette [1] and flash freeze the samples in ethanol-dry ice. To dissociate the cells in the samples destined for scRNA-seq, perform the dissociation steps using papain as described in the text manuscript [2].      
3.1.1. Talent removing the liquid using pipette Videographer: This step is important!
3.1.2. Talent flash freezing the sample
3.2. Centrifuge the cells at 300 times g for 3 minutes at room temperature [1] and remove the supernatant without disrupting the cell pellet [2]. Add 1 milliliter of chilled PBS and mix 10 times or until the cells are completely suspended [3]. Again, centrifuge at 300 times g for 5 minutes at 4 degrees Celsius and repeat the wash with PBS twice [4]. 
3.2.1. Talent putting the tube in the centrifuge. 
3.2.2. Talent removing the supernatant
3.2.3. Talent adding PBS to the cells
3.2.4. Talent putting the tubes for centrifugation 
3.3. Start vortexing the tube at the lowest speed setting and add 900 microliters of chilled methanol drop by drop while continuing to gently vortex the tube to prevent the cells from clumping [1]. Incubate the cells on ice for 15 minutes [2]. 
3.3.1. Talent vortexing the tube while adding methanol drop by drop Videographer: This step is important!
3.3.2. Talent incubating the cells on ice for 15 minutes
3.4. Determine the concentration of the fixed cells using a hemocytometer and assess the efficacy of the fixation step using trypan blue [1]. Store the frozen tissue and fixed cells at minus 80 degrees Celsius [2].
3.4.1. Talent performing trypan blue staining
3.4.2. Talent storing the cells in -80 degree 

Results
4. Results: Multiplexed Analysis using scRNA-Seq and scATAC-Seq for Characterization of Cell Origin, Phenotype and Gene Regulatory Networks
4.1. MULTI-seq barcoding enables the combined sequencing of multiple samples and their subsequent computational deconvolution [1]. The sample of origin can be determined for each cell based on their barcode expression [2]. 
4.1.1. LAB MEDIA: Figure 2
4.1.2. LAB MEDIA: Figure 2A
4.2. These combined samples can be analyzed as a single dataset for the purposes of cell clustering and cell type identification [1].
4.2.1. LAB MEDIA: Figure 2B 
4.3. Because each cell is barcoded before GEM generation, cell doublets will have a high probability of showing expression for multiple MULTI-seq barcodes and a majority of doublets can therefore be identified and removed prior to clustering and cell type identification [1]. 
4.3.1. LAB MEDIA: Figure 2C
4.4. The single cell ATAC-seq can be used to generate a dataset with cell types to match those found by single cell RNA-seq. The pairing of single cell RNA-seq gene expression and single cell ATAC-seq DNA accessibility information enables the reconstruction of gene regulatory networks [1].
4.4.1. LAB MEDIA: Figure 2D



Conclusion
5. [bookmark: _heading=h.30j0zll]Conclusion Interview Statements

5.1. Patrick Leavey: When attempting this protocol, keep in mind that the two-minute timing of the ethanol evaporation is crucial for sequence retrieval in the subsequent elution steps.
5.1.1. INTERVIEW: Named talent says the statement above in an interview style shot, looking slightly off-camera Suggested B-roll: 2.7.2
5.2. Kurt Weir: Reconstructing gene regulatory networks using paired scRNA-seq and scATAC-seq produces targets for gene overexpression and knockout studies. MULTI-seq can be employed at this stage to identify cell type-specific effects.
5.2.1. INTERVIEW: Named talent says the statement above in an interview style shot, looking slightly off-camera
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