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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Yes. Portions of the protocol such as removing unwanted fat and connective tissue from the skin will involve video microscopy.
Can you record movies/images using your own microscope camera? No, we can’t record movies on the microscope.  

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: 
ZEISS SteREO Discovery.V8 microscrope.
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Yes. The protocol and the video script includes step-by-step descriptions of R-based bioinformatics softwares for scRNA-Seq analysis. 

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.) 

The following five steps will benefit the most from being filmed:

1. Step 3.2 Immediately after FACS cell sorting, once all cells are collected in a 15 milliliter tube, use 1% BSA/HBSS to wash and push cells down from the side surface of the tube. [1-CU-TXT] Then centrifuge each sample at 260 x g for 8 min. [2-MED]
2. Step 3.3 After discarding supernatant resuspend cell pellet in 33.8 microliters of 1% BSA/HBSS… [1-CU] and keep on ice.
3. Step 4.1 Place a chip, prepared according to manufacturer’s protocol, in a chip holder. [1-MED] Prepare cell master mix on ice. [2-CU]

4. Step 4.2 Add 90 microliters of the cell master mix to well 1, [1-CU] 90 microliters of gel beads to well 2, [2-CU] 270 microliters of partitioning oil to well 3 [3-CU] and 50% glycerol to unused wells. [4-CU] Cover the chip with a gasket. [5-MED]
5. Step 4.3 To load the chip and run in a single-cell controller, first eject the tray, [1-MED] place the chip in tray… [2-CU], retract the tray… [3-MED] and press Play. [4-MED] After the complete run, use low retention tips to collect 100 microliters of reach sample and place each in a PCR tube. [5-CU]
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.) ___________________________

The following two steps are the most difficult aspects of this procedure. The key is to complete these steps quickly. It helps to do this in parallel where one trainee prepares the single-cell suspension and the other prepares the chip.
1. Step 3.3 After discarding supernatant resuspend cell pellet in 33.8 microliters of 1% BSA/HBSS… [1-CU] and keep on ice.
2. Step 4.1 Place a chip, prepared according to manufacturer’s protocol, in a chip holder. [1-MED] Prepare cell master mix on ice. 
E.  Will the filming need to take place in multiple locations? (Y/N) No. 
All filming will take place in different portions of the Biernaskie Lab located at HMRB 403B 3330 Hospital Drive NW Calgary.
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. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jeff Biernaskie: This method can help answer key questions in the field of molecular biology, such as understanding gene expression changes across thousands of single cells after an injury or a disease. [1-MED]
1.1.1. Interview style: Jeff Biernaskie saying the above

1.2. Jeff Biernaskie: The main advantage of this technique is that it allows us to dissect transcriptomes of individual cells within a complex tissue and to better appreciate the functional dynamics within a given population. [1-MED]
1.2.1. Interview style: Jeff Biernaskie saying the above
B. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Sarthak Sinha: The advantage of our protocol is that it provides comprehensive methods, [1-MED] from isolation of single cells from primary tissues to analysis and presentation of data. [2-LM]
1.3.1. Interview style: Sarthak Sinha saying the above
1.3.2. Figure 1. 
1.4. Sarthak Sinha: Though this method starts from single cells suspensions from the skin and the nerve, the RNA sequencing methods described can be applied to other mammalian tissues. [1-MED]
1.4.1. Interview style: Sarthak Sinha saying the above
1.5. Sarthak Sinha: Visual demonstration of this method is critical as generating single cell suspensions, cDNA libraries, and performing the backend bioinformatics are difficult to learn, because they require careful tissue processing and computer programming. [1-MED]
1.5.1. Interview style: Sarthak Sinha saying the above
      Protocol Interview Statements:
2.6.A.  Jeff Biernaskie:  Since some cell types are more sensitive than others to mechanical stress, excessive dissociation techniques can bias your population. Gentle dissociation is critical for achieving high cell yields and an accurate representation of tissue composition. [1-MED]

   2.6.A.1. Interview style: Jeff Biernaskie saying the above Editor: This step comes after 2.6.3.
2.8.A. Jeff Biernaskie, The addition of viability dye [1-MED] will help optimize your preparation. You should aim for at least 80% viable cells. Once optimized, this and other quality-control steps control can be omitted in order to hasten the dissociation process [2-LM], which will better preserve RNA quality and reduce cell loss. [1-MED]

      2.8.A.1. Interview style: Jeff Biernaskie saying the above Editor: This step comes after 2.8.2. 
      2.8.A.2. Figure 2. Editor: Emphasize Figure 2 D and E when Jeff about viability dye and viable cells, and the rest of Figure 2 (A, B, C, F, G) when Jeff talks about other quality-control steps.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.6. ** Jeff Biernaskie: Demonstrating the procedure will be Elodie Labit, a post-doctoral trainee from my laboratory. 

1.6.1. Interview style: Jeff Biernaskie saying the above 

1.6.2. Elodie Labit looks up and acknowledges the camera.

D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.7. All protocols described here are in accordance with and approved by the University of Calgary’s Animal Care Committee. 
Protocol: (read by voice talent at JoVE)
2. Dissociating Tissue (Day 1)
2.1. To begin, dissect the sciatic nerve of a euthanized mouse by first cutting the skin away from the hind region of the back of mouse. [1-CU-TXT] Use a sterile scalpel blade to make an incision along the length of the thigh. [2-CU] Then use fine forceps and scissors to expose and remove the sciatic nerve. [3-ECU/SCOPE]
2.1.1. Talent cuts the skin away from the hind region of the back of mouse. TEXT: Detailed protocol found at Stratton et al.
2.1.2. Talent make an incision along the length of the thigh.

2.1.3. Scope: Talent exposing and removing the sciatic nerve
2.2. To dissect the dorsal back skin, use fine forceps and scissors to make incisions from shoulder to shoulder, across the rump and down the back. [1-CU-TXT] 
2.2.1. Talent making incisions TEXT: Detailed protocol found at Biernaskie et al.
2.2.2. Talent cutting the skin with scalpel. TEXT: Skin slices: 0.5 cm thick Moved after 2.3.2.
2.3. Wash the tissues twice with ice-cold HBSS. [1-CU] Under a dissecting microscope remove unwanted connective tissue, fat deposits or debris. [2-SCOPE] Cut the skin into thin slices using a sterile scalpel blade. [2.2.2-TXT]
2.3.1. Talent adds HBSS to tissues. (0045: With only Back skin sample; 0046: With Back skin and nerve sample- Editor: Use 0046 if possible 
2.3.2. Scope: Talent removing unwanted tissue… 
            2.2.2. Talent cutting the skin with scalpel. TEXT: Skin slices: 0.5 cm thick
2.4. To obtain the skin dermis, float the skin slices in dispase (pronounce as here) in HBSS in a 10 cm dish for 30 to 40 min at 37 °C. [1-CU-TXT] Use fine forceps to peel and separate the epidermis from the dermis and then discard the epidermis. [2-SCOPE] 
2.4.1. Talent placing the skin slices into dispase/HBSS. TEXT: Dispase: 5 mg/mL, 5 U/mL
2.4.2. Scope: Talent separating epidermis from dermis.
2.5. Use a pair of sterile scalpel blades to mince each sample into 1 to 2 mm pieces. [1-ECU/SCOPE-TXT] Place the tissue pieces into freshly-thawed 2 milligrams/milliliter cold collagenase-IV enzyme in a 15-milliliter conical tube [2-CU-TXT] Incubate each sample in the enzyme in a 37 °C bath for 30 min with gentle shaking every 10 min. [3-MED]
2.5.1. Talent mincing a sample. TEXT: Dermis and sciatic nerve.

2.5.2. Talent placing tissue pieces in collagenase. TEXT: collagenase-IV: 2 mg/mL in H20, 125 CDU/mg 
2.5.3. Talent placing the samples in the water bath.
2.6. At 30 min use a P1000 pipettor to triturate the tissue 20-30 times and return to the water bath. [1-CU] Repeat trituration every 30 min until solution appears cloudy and chunks of tissue are largely dissociated. [2-ECU-TXT] In the last hour of incubation add 1 milligrams/milliliter DNase to the skin sample. [3-CU] 
2.6.1. Talent triturating the tissue.
2.6.2. Show the tube with the cloudy solution and dissociated chunks of tissue. TEXT: Nerve: 1-1.5 hours total. Skin: 2 hours total.
2.6.3. Talent adding DNase.
2.7. After that, use a 40-micrometer filter on top of a 15-milliliter conical tube to filter each tissue sample twice. [1-CU-TXT] Rinse the filter with 1% BSA/HBSS. [2-CU] 
2.7.1. Talent filtering the tissue.

2.7.2. Talent adding BSA/HBSS.

2.8. After centrifuging the samples as described in the manuscript, resuspend the cell pellet in HBSS containing 1% BSA using a wide-bore tip, [1-CU-TXT] and place on ice. [2-MED-TXT] 

2.8.1. Talent adding HBSS to the pellet and starts resuspending. TEXT: Resuspension volume depends on tissue volume – see text.

2.8.2. Talent placing the sample on ice. TEXT: Viability dye can be added here – see text.
3. Isolating Viable and Healthy Cells (Day 1)
3.1. To isolate viable and healthy cells using FACS, first prepare 15-milliliter narrow-bottom tubes with 8 milliliters of ice-cold 1% BSA/HBSS for sample collections. [1-MED] To ensure that interface between surface of liquid and the inside of the tube is moist and to prevent static and surface tension, invert the tubes before collections. [2-MED] 
3.1.1. Talent preparing the tubes.

3.1.2. Talent inverting the tubes. 

3.2. Immediately after FACS cell sorting… [1-MED-TXT] once all cells are collected in a 15-milliliter tube use 1 milliliter of 1% BSA/HBSS to wash and push all the cells down from the side surface of the tube. [2-CU] Then centrifuge each sample at 260 x g for 8 min. [3-MED]
3.2.1. Talent inserting the tube into the FACS slot. TEXT: For FACS details see text.
3.2.2. Talent taking one tube and washing the cells down with BSA/HBSS. 
3.2.3. Talent placing the sample in the centrifuge and starts the run.
3.3. After discarding supernatant resuspend cell pellet in 1% BSA/HBSS… [1-CU-TXT] and add 33.8 microliters from the tube to a fresh colored small tube [2-CU] and keep the tubes on ice. [3-MED] 
3.3.1. Talent adding BSA/HBSS and starts resuspending in the 15-milliliter tube. TEXT: Resuspension volume depends on the desired cell numbers.
3.3.2. Talent adding 33.8 µL from the 15 mL to a fresh colored small tube that says “Skin cells” or “Nerve cells”. 

3.3.3. Talent placing the sample on ice.

4. GEM (Gel Bead in Emulsion) Generation and Barcoding (Day 1) 
4.1. To prepare for GEM (pronounce like a word “gem”) generation, place a chip in a chip holder [1-MED]. Then prepare cell master mix on ice, according to manufacturer’s protocol. [2-CU] The add 56.2 microliters of the master mix to the colored tube with 33.8 microliters cell suspension [3-CU].
4.1.1. Talent placing the chip in the chip holder.

4.1.2. A colored tube for master-mix (that says “Master mix” on it- show label in shot) and the regents/ingredients are on ice and talent adding one of the ingredient into the colored master mix tube and mixing.
4.1.3. Talent placing 56.2 µL of master mix into the 33.8 µL cell tube and mixing. 
4.2. First add 50% glycerol to the wells that will not be used, [1-CU] then add 90 microliters of the cell master mix to well 1, [2-CU] 40 microliters of gel beads to well 2, [3-CU] and 270 microliters of partitioning oil to well 3. [4-CU] Cover the chip with a gasket. [5-MED]
4.2.1. Talent starts adding 50% glycerol to unused wells
4.2.2. Talent adding 90 µL of the cell master mix to well 1
4.2.3. Talent adding 40 µL of gel beads to well 2
4.2.4. Talent adding 270 µL of partitioning oil to well 3
4.2.5. Talent covering the chip with a gasket
4.3. To load the chip and run in a single-cell controller, first eject the tray, [1-MED] place the chip in tray… [2-CU], retract the tray… [3-MED] and press Play. [4-MED] After the complete run, use low retention tips to collect 100 microliters of reach sample and place each in a PCR tube. [5-CU]
4.3.1. Talent ejecting the tray
4.3.2. Talent placing the chip in tray
4.3.3. Talent retracting the tray
4.3.4. Talent pressing Play
4.3.5. Talent collecting one sample and placing in a PCR tube.
4.4. Place PCR tubes in pre-set PCR machine and run according to the kit. [1-MED] Following the run, GEMs will include full-length, barcoded cDNA from poly-adenylated mRNA. [2-MED] Place the tubes at – 20 ºC overnight, and then proceed with clean-up, amplification, library construction and quantification according to kit. [3-MED] 
4.4.1. Talent placing the tubes in the PCR machine and starts the run.
4.4.2. Talent taking the tubes out.

4.4.3. Talent placing the tubes in the freezer.
5. NCBI’s GEO and SRA Submissions
5.1. Once samples are sequenced and aligned as described in the manuscript, deposit the data on a public repository, such as NCBI’s GEO (pronounce as one word “geo”, as in geography). To do this, register for the Submitter account… [1-SCREEN] complete GEO submission, including three components compiled into a directory/folder titled as the GEO submitter’s username. [2-SCREEN]
5.1.1. Screen to be provided by the authors: Talent opening NCBI/Geo website and starting to register for the account.

5.1.2. Screen to be provided by the authors: Talent opening GEO Submitter. Video editor, when the VO says “compiled into a directory/folder“ show the text. 
5.2. Download and complete the first component - Metadata (pronounce meta-data) spreadsheet, making sure that there is one spreadsheet per project submission. [1-SCREEN] Place the spreadsheet in the directory. [2-SCREEN]
5.2.1. Screen to be provided by the authors: Talent downloading Metadata spreadsheet.
5.2.2. Screen to be provided by the authors: Talent placing the spreadsheet in the directory.

5.3. Second folder is Raw Data Files. [1-SCREEN] Place Raw Data Files generated from cell ranger count script for all libraries into the directory. [2-SCREEN]
5.3.1. Screen to be provided by the authors: Talent opening raw data files.
5.3.2. Screen to be provided by the authors: Talent placing raw data files into the directory.

5.4. Third folder is Processed Data Files. [1-SCREEN] Place Processed Data Files generated from cell ranger count script for all libraries into the directory. [2-SCREEN]
5.4.1. Screen to be provided by the authors: Talent opening Processed Data Files
5.4.2. Screen to be provided by the authors: Talent placing Processed Data Files into the directory

5.5. Use GEO submitter’s FTP server credentials to transfer directory containing all three components. [1-SCREEN]
5.5.1. Screen to be provided by the authors: Talent opening the ftp server. NOTE: **5.5.1 – Screen recording will have specific instructions to blur out certain pieces of personal information. The author highlights and reads out what parts to blur
6. Results: Bioinformatics Analysis of Single Cell Transcriptomics
6.1. After running Cell-Ranger, analysis-ready gene-barcode matrices can be further processed using advanced bioinformatics. First, pre-processing quality checks [1-LM] were done using violin [2-LM] and scatter plots [3-LM] to visualize the number of genes, number of unique molecular identifiers and percentage of mitochondrial genes to identify cell doublets and outliers. [1-LM]
6.1.1. Figures 4 a and b together Editor: When the VO says “number of genes” emphasize graphs on a and b that are marked with nGene, when they say number of unique molecular identifiers, emphasize nUMI graph on 4 a, and when they say percentage of mitochondrial genes emphasize graphs marked with percent.mito on both a and b.
6.1.2. Figure 4 a

6.1.3. Figure 4 b

6.2. For selection of principal components or PCs, elbow plots were used, in which PCs beyond the plateau of the standard deviation of PC axis were excluded. [1-LM]
6.2.1. Figure 4 c Editor: When the VO says “PCs beyond the plateau of the standard deviation of PC axis” emphasize black horizontal line going from number 2 on the standard deviation of PC axis.
6.3. The resolution of clustering was also manipulated. Low resolution led to fewer cell clusters with each cluster likely representing a defined cell type. High resolution lead to higher cell probably representing subtypes or transitional states of a cell population. [1-LM]
6.3.1. Figure 4 d, e Editor: When the VO says second sentence emphasize d, when they say third sentence emphasize e.
6.4. Low-resolution cluster settings were used for further analysis of expression heat-maps to identify the most highly expressed genes in a given cluster. 
6.4.1. Figure 4 f
6.5. Individual candidate genes were visualized on tSNE plots using Seurat’s (pronounce as here) Feature Plot function, what allowed deciphering whether there were clusters that represented macrophages. [1-LM] Both clusters 2 and 4… [2-LM] expressed Cd68 – a pan-macrophage marker. [1-LM]
6.5.1. Figure 4 g Editor: When the VO says “were expressing Cd68” emphasize a cluster with purple dots.
6.5.2. Figure 4 d Editor: When the VO says “Both cluster 2 and 4” emphasize the two clusters marked with 2 and 4 on the graph.

6.6. For verifying cell clusters and for building cell trajectories, [1-LM] poor-quality cells were first removed so that the distribution of mRNA across all cells was log normal and fell between upper and lower bounds. [2-LM]
6.6.1. Figure 5

6.6.2. Figure 5 a Editor: When the VO says the second sentence emphasize the part of the graph between 0 and 20,000.
6.7. Single cells were then classified and counted using known lineage marker genes, and cells expressing markers of interest were assigned to Cell Type number 1. [1-LM] This population was assessed to build fibroblast’s developmental trajectory. [2-LM]
6.7.1. Figure 5 b and c Editor: When the VO says ”cell type number 1” emphasize the red part of the chart on b and words Cell Type #1 on both b and c.
6.7.2. Figure 5 d, e, f 
7. Conclusion (said by authors on camera)
7.1. Sarthak Sinha: While attempting this procedure, it’s important to remember to be gentle while dissociating tissues and to handle all reagents with caution to prevent cell shearing and RNA degradation. [1-MED]
7.1.1. Interview style: Sarthak Sinha saying the above
7.2. Jeff Biernaskie: Following this procedure, other methods like quantitative PCR, in situ hybridizations and immunohistochemistry should be performed to validate gene expression results. [1-MED]
7.2.1. Interview style: Jeff Biernaskie saying the above
7.3. Jeff Biernaskie: After its development, single-cell RNA-Sequencing paved the way for researchers in many different fields to explore cell-to-cell heterogeneity and identify functional dynamics within different tissues during homeostasis and how these change in pathological disease states. [1-MED]
7.3.1. Interview style: Jeff Biernaskie saying the above
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:

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.
We can provide raw (full sized) image of any of the images used in our figures in JPEG or TIFF file format.
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.
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