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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)  
Y. Step 1.3.3. needs to be done under microscope.
Can you record movies/images using your own microscope camera? (Y/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.
N. The microscope we have in the tissue culture room has no camera attached. The microscope is Nikon Eclipse TS100.
2. Does your protocol include software usage? (Y/N)
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.
Y. I use a Mac, and can record screen using QuickTime Player. One important note about “software usage”. We don’t use software with user interface, instead, we execute command lines in terminal or Rstudio to do data analysis.
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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
The most important steps are 2.4, 3.1, 3.3, and 3.4.
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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
The most difficult aspect of this procedure is step 3 which is highlighted by the three critical sub-steps above 3.1, 3.3, and 3.4.
5. Will the filming need to take place in multiple locations? (Y/N) 
If yes, how far apart are the locations? 
Yes, two locations on the same floor separated by a hallway.


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. Yurong Xin: This protocol generates high-throughput transcriptome data of individual human islet cells which can be used to study endocrine cell heterogeneity, identify rare cell types and gene regulation in diseases [1].
1.1.1. INTERVIEW

1.2. Yurong Xin: This technique produces large-scale single-cell data, is easy to use, and has fairly short processing time [1].
1.2.1. INTERVIEW


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

1.3. Jinrang Kim: This method can be applied to islets from other species and to profile other freshly isolated tissues. However, the protocol needs to be optimized to suit tissue-specific dissociation procedures [1]. 
1.3.1. INTERVIEW

1.4. Christina Adler: It is critical to prepare high-quality dissociated cells. QC of the cell suspension before single cell partitioning is key, as is handling the emulsion carefully and quickly [1]. 
1.4.1. INTERVIEW

1.5. Christina Adler: Some quality checkpoints, like knowing if a chip might have clogged, are better seen than read [1]. 
1.5.1. INTERVIEW

Section - Protocol
The isolated pancreatic islets were acquired from organ donors with appropriate consent from one of the Organ Procurement Organizations (OPO’s) for use of human islets for research at Prodo Labs.
2. Human Islet Dissociation
2.1. After obtaining human islets and incubation overnight, count and hand-pick 200-300 islets using a P200 pipette [1], and transfer the islets to a 15-milliliter conical tube containing 5 milliliters complete islet media pre-warmed to 37 degrees Celsius [2].
2.1.1. CU: Talent picks islets.
2.1.2. CU: Talent places the islets into a tube.
2.2. Place the tube in a centrifuge at 200 times g for 2 minutes [1]. Gently aspirate the supernatant without disturbing the pellet on the bottom [2].
2.2.1. MED: Talent places the tube in a centrifuge.
2.2.2. CU: Talent removes supernatant. Close up of the pellet on the bottom.
2.3. Add 1 milliliter of pre-warmed cell dissociation solution and disrupt the pellet by pipetting gently up and down [1]. Incubate the islets at 37 degrees Celsius for 9-11 minutes [2]. Every 3 minutes [3], pipette up and down slowly for 10 seconds to dissociate the cells into single cells [4].
2.3.1. CU: Talent adds solution and pipets up and down.
2.3.2. MED: Talent places the tube in an incubator.
2.3.3. MED: Talent takes out the tube from the incubator.
2.3.4. CU: Talent pipettes up and down.
2.4. Once the islet cells are well dissociated and the solution becomes cloudy, add 9 milliliters of complete islet media [1] and filter through a 30-micrometer cell strainer into a new 15-milliliter conical tube [2].
2.4.1. CU: Talent shows the cloudy solution, and adds media.
2.4.2. CU: Talent filters the solution into a tube. Close up of the clear solution coming out.
2.5. Collect cells by centrifugation at 400 times g for 5 minutes [1]. Aspirate the supernatant and resuspend the cell pellet in 200-300 microliters of 1x PBS-0.04% BSA solution [2].
2.5.1. MED: Talent places the tube in a centrifuge.
2.5.2. CU: Talent removes supernatant and ads solution to resuspend pellet.
3. Single Cell Suspension Quality Control and Single Cell Partitioning
3.1. Now, mix 10 microliters of the cell culture with 0.5 microliters of AO/DAPI (pronounce as A-O-DAPI, DAPI is pronounced as a word). Pipette up and down to mix thoroughly [1-TXT]. Load 10.5 microliters onto a slide [2], and run the cell count assay on a fluorescence-based automated cell counter to determine count and viability [3]. 
3.1.1. CU: Talent mixes two solutions, and mixes. TEXT: AO/DAPI: Acridine orange/DAPI Video editor: Show TEXT when VO says the word.
3.1.2. CU: Talent loads the solution on a slide.  Author comment: 3.2.1 and 3.2.2 were merged into one shot 
3.1.3. MED: Talent runs the cell counter.
3.2. Place a microfluidic chip into a chip case [1-TXT]. Orient the chip case ensuring oil wells are closest to the person performing the experiment [2].
3.2.1. CU: Talent places a microfluidic chip into a case. TEXT: Follow protocol from microfluidic chip manufacturer.
3.2.2. CU: Talent orients the case, with view of the person performing the experiment. Video editor: Put an arrow to the row labeled 3 when VO says “oil wells”.
3.3. Use a pipette to add the calculated volume of cells into the prepared strip tubes. Pipette to mix 5 times [1]. Without discarding the pipette tips, transfer 90 microliters of cell mixture to row 1 of the chip [2]. 
3.3.1. CU: Talent adds cells into tubes and pipettes to mix.
3.3.2. ECU: Talent adds the mixture into row 1 of the chip. Close up of row 1.
3.4. Wait for 30 seconds, then pipette very slowly to load 40 microliters of gel beads to row 2 [1]. Dispense 270 microliters of partitioning oil to the wells of row 3 [2]. Hook the chip gasket onto the tabs of the chip holder [3]. Place the assembled chip holder into the single cell partitioning device and press the run button [4]. 
3.4.1. ECU: Talent loads beads to row 2.
3.4.2. ECU: Talent loads oil to row 3.
3.4.3. CU: Talent hooks the gasket onto tabs.
3.4.4. MED: Talent places the chip holder into the device, and starts the run.
3.5. Upon run completion, remove the chip gasket from the holder [1], open the chip case at a 45° angle, and transfer 100 microliters of the emulsion from the chip [2] into a well in a blue plastic 96-well plate [3]. 
3.5.1. CU: Talent takes out the gasket from the holder.
3.5.2. CU: Talent opens the case and draws solution from the chip. Author comment: 3.5.2 and 3.5.3 were merged into one shot 
3.5.3. CU: Talent transfers the solution into a plate.
4. Single Cell cDNA Amplification
4.1. Dispense 125 microliters of pink emulsion-breaking reagent into each emulsion [1]. Wait for 1 minute, then transfer the entire volume of each well into each 0.2-milliliter tube [2]. Ensure that there is a layer of clear and a layer of pink in the strip tube [3].
4.1.1. CU: Talent adds reagent into each well.
4.1.2. CU: Talent transfers the solution from each well into a tube. Author comment:  4.1.2 and 4.1.3 were merged into one shot 
4.1.3. CU: Talent shows the tube with two layers. 
4.2. With a pipette, remove 125 microliters of the pink layer from the bottom of the strip tube without disturbing the clear layer [1]. It is normal for a small volume of approximately 15 microliters of the pink layer to remain in the tube [2].
4.2.1. CU: Talent removes the pink layer.
4.2.2. CU: Talent shows the tube with a small volume of pink layer.
4.3. Then, add 200 microliters of cleanup mix [1] to each of the strip tubes [2-LM] and incubate at room temperature for 10 minutes [3]. Transfer the strip tubes to a magnetic stand and wait for 2 minutes to allow the solution to clear [4].
4.3.1. MED: Talent adds solution into the tube.
4.3.2. Table 2
4.3.3. MED: Talent places the tube on a rack.
4.3.4. CU: Talent places the tube on a magnetic stand.
4.4. Remove the supernatant and discard [1], then wash the beads with 80% ethanol twice [2-TXT]. Allow the beads to dry for 1 minute [3].
4.4.1. CU: Close up of the clear solution. Talent removes supernatant.
4.4.2. MED: Talent adds ethanol into the tube, shakes, and places it on the magnetic stand. TEXT: Wash 2x
4.4.3. CU: Shot of the beads without solution.
4.5. Remove the strip tubes from the magnet and add 35.5 microliters of elution solution [1] to the beads [2-LM]. Pipette to resuspend the beads in the solution, and incubate for 2 minutes at room temperature [3].
4.5.1. MED: Talent removes the tube from the magnet and adds elution solution.
4.5.2. Table 3
4.5.3. CU: Talent resuspends the beads and places the strip on a rack.
4.6. Transfer the strip tubes to a magnetic stand and allow the solution to clear [1]. Transfer the purified cDNA (pronounce as complementary DNA) from the strip tubes to clean 0.2-milliliter strip tubes [2]. 
4.6.1. CU: Talent transfers the tube to a magnetic stand.
4.6.2. CU: Talent transfers supernatant into new tubes.
4.7. [bookmark: _GoBack]To amplify the cDNA, first add 65 microliters of cDNA Amplification Master Mix to each sample [1]. Place the strip tubes in a thermal cycler and run the program according to the manuscript [2]. Samples can be stored at 4 degrees Celsius for up to 72 hours [3-TXT].
4.7.1. MED: Talent adds solution into each tube.
4.7.2. MED: Talent places the tubes in a thermal cycler and adjusts settings.
4.7.3. MED: Talent takes out the sample and places the sample in a refrigerator. TEXT: NOTE: This is a safe stopping point.
5. Library Sequencing
5.1. After normalizing the cDNA to 50 nanograms in 20 microliters, aliquot 30 microliters of tagmentation mix to each cDNA sample on ice [1-TXT]. Put the samples in the thermal cycler and run the tagmentation protocol at 55 degrees Celsius for 5 minutes, decreasing to 10 degrees Celsius and hold [2].
5.1.1. MED: Talent adds tagmentation mix to each cDNA sample on ice. TEXT: See text for tagmentation mix composition.
5.1.2. MED: Talent places the tubes into the thermal cycler and adjusts settings, then purifies the sample.
5.2. Then, add 60 microliters of Sample Index PCR master mix and 10 microliters of 20 micromolar, 4-oligo sample index to the 30-microliter purified cDNA sample [1]. Return the tubes to the thermal cycler to purify the final library product [2].
5.2.1. MED: Talent adds solution and places in the thermal cycler.
5.2.2. CU: Talent purifies the final library product.
5.3. Normalize each sample with water to 2 nanograms per microliter [1] and pool 3 microliters of each normalized sample together in a 1.5 milliliter tube [2]. Dilute the pool with Elution Buffer to 0.25 nanograms per microliter [3].
5.3.1. MED: Talent dilutes sample.
5.3.2. CU: Talent combines the samples.
5.3.3. CU: Talent dilutes the sample.
5.4. Denature the pool by combining 12 microliters of the diluted pooled sample, 1 microliter of 1 nanomolar DNA control, 2 microliters of Elution Buffer, and 5 microliters 0.4 normal sodium hydroxide [1].
5.4.1. MED: Talent combines 4 solutions.
5.5. Incubate the mixture for 5 minutes, then add 10 microliters of 200 millimolar Tris at pH 8 [1], and load 4.05 microliters of the mixture into 1345.95 microliters of HT1 (pronounce as H-T-one) [2].
5.5.1. MED: Shot of the tubes on a rack, then talent approaches to add solution.
5.5.2. CU: Talent transfers the mixture into another tube with solution.
5.6. Next, load 1.3 milliliters into the sequencer’s cartridge [1] and run according to the manufacturer’s guidelines using a sequencing recipe [2-TXT].
5.6.1. CU: Talent loads the solution into a cartridge.
5.6.2. MED: Talent operates on the sequencer. TEXT: 26 cycles (Read 1) + 8 cycles (i7 Index) + 0 cycles (i5 Index) + 55 cycles (Read 2)
6. Read Alignment and Data Analysis
6.1. On the computer, run Cell Ranger to demultiplex raw base call files generated by sequencing into FASTQ (pronounce as FAST-Q) files [1]. Align FASTQ files to human B37.3 (pronounce as B-thirty-seven-point-three) Genome assembly and UCSC gene model to obtain expression quantification [2].
6.1.1. SCREEN: Talent opens Cell Ranger, and transforms raw base call files into FASTQ files.
6.1.2. SCREEN: Talent shows the command line for aligning files.
6.2. Examine the barcode rank plot to make sure the separation of the cell-associated barcodes and the background [1].
6.2.1. SCREEN: Talent checks the barcode rank plot.
6.3. To control cell quality, exclude cells with less than 500 detected genes [1], less than 3000 total number of unique molecular identifiers [2], and greater than 0.2 viability score [3]. Adjust the cutoffs according to tissue and cell types [4].
6.3.1. SCREEN: Talent deletes cells with genes < 500.
6.3.2. SCREEN: Talent deletes cells with UMI < 3000.
6.3.3. SCREEN: Talent deletes cells with viability score > 0.2.
6.3.4. SCREEN: Talent shows the command lines for adjusting the cutoffs.
6.4. Next, use R package mclust (pronounce as M-clust) to remove cells that express more than one hormone gene [1]. Use R package Seurat to normalize gene expression by the total unique molecular identifiers [2] and multiply by the scale factor of 10,000 at cell level [3].
6.4.1. SCREEN: Talent shows Mclust R package.
6.4.2. SCREEN: Talent shows the command lines for normalizing data.
6.4.3. SCREEN: Talent shows the command lines for multiplying the scale factor of 10,000.
6.5. Then, detect variable genes using the average expression and dispersion of all cells [1]. Adjust the cutoffs according to the tissue and cell types [2]. 
6.5.1. SCREEN: Talent uses the average expression and dispersion to detect variable genes.
6.5.2. SCREEN: Talent adjusts cutoffs.
6.6. Perform the principal component analysis with the variable genes. Cluster cells with the selected number of principal components [1]. Derive cell-cluster enriched genes by comparing one cell cluster with the rest of the cells [2].
6.6.1. SCREEN: Talent shows the PCA R package, and points to the selected number of PC.
6.6.2. SCREEN: Talent points to the cell cluster.



Section – Results
7. Results: Dissociation, Single-cell Emulsion, cDNA Library, and Cell Types
7.1. In this single-cell RNA sequencing protocol [1], the acquired human islets [2] were first dissociated, as validated by the alpha and beta cells in RNA fluorescence in situ hybridization [3].
7.1.1. Figure 2
7.1.2. Figure 2 – Video editor: emphasize Figure 2A
7.1.3. Figure 2 – Video editor: emphasize Figure 2B, and emphasize the red cells when VO says “alpha”, emphasize the white cells when VO says “beta”.
7.2. A successful example of emulsion following the partitioning step shows uniform pale cloudy solution with minimal partitioning oil separated from the gel beads [1]. In contrast, a poor-quality emulsion with clear phase separation between the gel beads and oil could be due to a clog during the chip run [2]. 
7.2.1. Figure 3 – Video editor: emphasize Figure 3A
7.2.2. Figure 3 – Video editor: emphasize Figure 3B
7.3. After cDNA amplification, a representative fragment size distribution shows the typical peak for a good quality cDNA sample resided near 1000-2000 base pairs [1]. The spike near 600 base pairs was specific to islet cDNA [2]. The fragment size distribution for the RNA-sequencing libraries was between 300 and 500 base pairs [3].
7.3.1. Figure 4 – Video editor: emphasize Figure 4A
7.3.2. Figure 4 – Video editor: emphasize Figure 4A, and emphasize the peak at 600 bp.
7.3.3. Figure 4 – Video editor: emphasize Figure 4B
7.4. The clustering analysis revealed 12 cell types in the space of t-distributed stochastic neighbor embedding dimensions [1]. Three subpopulations in alpha cells [2] and four in beta cells were revealed [3].
7.4.1. Figure 5
7.4.2. Figure 5 – Video editor: emphasize the three alpha groups one by one. The third group is a tiny blue cluster at y axis 25.
7.4.3. Figure 5 – Video editor: emphasize the three alpha groups one by one. The third group is a tiny blue cluster at y axis 25.
7.4.4. Figure 5 – Video editor: emphasize the four beta groups one by one.



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

8.1. Yurong Xin: This technique allows researchers to build a comprehensive cell atlas for human islets. With more data from non-diabetic and diabetic donors, it is a useful resource for therapeutic target discovery [1].
8.1.1. INTERVIEW
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