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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  No 

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes, all done.

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


Introduction

1. Introductory Interview Statements

1.1. Jo Huiqing Zhou: In this protocol, we describe a procedure containing two parts: a 2D in vitro keratinocyte differentiation method by contact inhibition and its molecular characterization by RNA-seq. (original) (revised: In this protocol, we describe a procedure containing two parts: first, a monolayer 2D in vitro keratinocyte differentiation method by contact inhibition; second, its molecular characterization by RNA-seq.)

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

1.2. Jo Huiqing Zhou: the 2D in vitro keratinocyte differentiation method is straightforward and easy to perform while the detailed RNA-seq pipeline is clear and transparent for researchers with basic bioinformatic knowledge. (original) (revised: the 2D in vitro keratinocyte differentiation method is straightforward and easy to perform. can be used widely to study epidermal differentiation, especially when a large number of cells are required, such as in epigenomic analyses.)

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

OPTIONAL: 
1.3. Jo Huiqing Zhou: The 2D differentiation procedure can be used widely to study epidermal differentiation, especially when a large number of cells are necessary, such as in epigenomic analyses. The reported RNA-seq analysis pipeline can be used for any bulk RNA-seq analysis. (original) (revised: The detailed RNA-seq pipeline is clear and transparent for researchers with basic bioinformatic skills. It can be used for any bulk RNA-seq analysis.)

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

1.4. Jos Smits: When attempting the 2D differentiation protocol for the first time, keep in mind that seeding density could be tricky. One should test the seeing density for each cell line. 

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

Introduction of Demonstrator on Camera

1.5. Jo Huiqing Zhou: Demonstrating the procedure will be _______________ from my laboratory.   
1.5.1. INTERVIEW: Author saying the above. Videographer: Authors will let you know if they need this statement on the day of the shoot.
1.5.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.



1.6. 

Protocol
2. Human Primary Keratinocyte Differentiation by Contact Inhibition
2.1. Begin by preparing keratinocyte growth medium, or KGM, and 500 milliliters each of proliferation medium and differentiation medium according to manuscript directions [1]. Seed primary keratinocytes at a density of 5 to 20 thousand cells per centimeter squared [2-TXT] and add enough proliferation medium to cover the cells. Two days after cell seeding, refresh the cells with the proliferation medium [3]. Videographer: This step is important!
2.1.1. WIDE: Establishing shot of talent at the lab bench preparing medium. 
2.1.2. Talent seeding cells. TEXT: Test seeding density for each cell line
2.1.3. Talent adding KGM prol medium to the cells. 
2.2. Check the cells regularly under the microscope and refresh medium every other day [1]. When the cells reach 90% confluency, induce differentiation by changing the medium to the differentiation medium [2].

2.2.1. Talent taking cells out of the incubator and inspecting them. 
2.2.2. Talent adding fresh KGM-diff medium to cells with the container of KGM-dif medium in the shot and clearly labeled.  

2.3. To collect cells for further RNA analyses, wash the cells twice with DPBS [1] and then add lysis buffer. Collect cells on differentiation days 0, 2, 4, and 7 [2]. 
2.3.1. Talent adding DPBS to cells, with the DPBS container in the shot. 
2.3.2. Talent adding lysis buffer to cells. 
2.3.3. Talent removing spent medium from cells and adding fresh medium. 

3. RNA-seq Data Analysis
3.1. After downloading and installing R packages, generate a count table from the ReadsPerGene.out.tab files [1] and write a sample data file containing all filenames, the day of differentiation, and other relevant sample data. Refer to the supplementary coding files for an example [2].
3.1.1. SCREEN: 6.13.3_count_table.mov. 0:24 – 0:50. Video Editor: Nothing is happening 0:35 – 0:45, speed this part up or get rid of it. 
3.1.2. SCREEN: 6.13.4_sample_data.mov. 1:35 – end. Video Editor: Speed this up. 
3.2. Then, use the count table and sample data to generate a Deseq2 (pronounce ‘D-E-seek-2’) object containing both the countable and sample data [1]. 
3.2.1. SCREEN: 6.13.5_deseq2_object.mov. 0:00 – 0:22 and small bit from 0:54 – 0:57. 
3.3. For gene expression normalization, normalize the count table in the Deseq2 object, using either Deseq2 RLD or VST normalization. While RLD normalization is preferred, VST normalization is much faster [1].
3.3.1. SCREEN: 6.14.1_vst_norm.mov. 0:02 – 0:32. Video Editor: Speed this up. 
3.4. Use the dist function in R to plot the sample distance based on the normalized read count intensities, then perform hclust (pronounce ‘H-clust’) clustering based on sample distance. Next, plot the heatmap using the pheatmap (pronounce ‘P-heat map’) function [1].
3.4.1. SCREEN: 6.14.2_sample_distance.mov. 0:00 – 0:25. Video Editor: Speed this up.
3.5. Finally, generate a principal component analysis, or PCA, plot of the normalized read count intensities using the plotPCA (pronounce ‘plot-P-C-A’) function of Deseq2. PCA serves as a tool in exploratory data analysis and can be used to visualize distance and connection between different samples [1].
3.5.1. SCREEN: 6.14.3_PCA.mov. Video Editor: Speed this up until about 0:20, if needed. 
3.6. Perform highly variable gene expression analysis with the rowVars function, which extracts the top 500 highly variable genes by ordering on the variance between samples from different time points. These genes have the highest standard deviation of their normalized intensity across days of differentiation [1].
3.6.1. SCREEN: 6.15.1_highly_variable_genes.mov. 0:15 – 0:32. 
3.7. Perform kmeans (‘K-means’) clustering on the highly variable genes to cluster them by different expression patterns [1]. Visualize the genes in a heatmap with the pheatmap (‘P-heat map’) package. The intensity plotted in the heatmap is the Deseq2 normalized intensity with the median value subtracted [2].
3.7.1. SCREEN: 6.15.1_highly_variable_genes.mov. 0:32 – end. 
3.7.2. SCREEN: 6.15.3_variable_genes_heatmap.mov. 0:24 – 0:38. 
3.8. Generate a list of expressed background genes that includes all genes with more than 10 counts in a single sample [1] and make a list with genes from each cluster [2].
3.8.1. SCREEN: 6.16.1_gene_background_list.mov. 0:20 – 0:27.
3.8.2. SCREEN: 6.16.1_gene_background_list.mov. 0:27 – 0:42. Video Editor: Speed this up. 
3.9. Finally, perform gene ontology analysis using GOrilla (‘go-rilla’). Use the background gene list as the Background set and the lists of the highly variable genes in clusters as the Target set, then click on Search Enriched GO terms [1]. Alternatively, more advanced R-users can use the package clusterProfiler to automate Go-term enrichment analysis [2].
3.9.1. SCREEN: 6.16.2_GO-term_enrichment.mov. 0:06 – 0:41. 
3.9.2. SCREEN: 6.16.2_GO-term_enrichment.mov. 0:45 – 1:00. Video Editor: Speed this up.


Results
4. Results: Keratinocyte Differentiation and Analysis 

4.1. Keratinocyte lines derived from five individuals were used for differentiation and RNA-seq analyses [1]. Principle component analysis showed that keratinocytes undergoing differentiation had connected but distinct overall gene expression profiles [2].

4.1.1. LAB MEDIA: Figure 1 A. 
4.1.2. LAB MEDIA: Figure 1 B. 

4.2. Highly variable genes were clustered to visualize gene expression dynamics and patterns during differentiation [1]. Each cluster of genes was represented by the keratinocyte differentiation hallmark genes, and gene ontology annotation showed a clear difference in gene functions [2]. 

4.2.1. LAB MEDIA: Figure 1 C. 
4.2.2. LAB MEDIA: Figure 1 D. Video Editor: Zoom in on the table and scroll down as VO speaks. 

4.3. In the second experiment, cell morphology and gene expression differences were compared [1] between keratinocytes from healthy controls [2] and cell lines derived from patients carrying p63 mutations [3].

4.3.1. LAB MEDIA: Figure 2 A. 
4.3.2. LAB MEDIA: Figure 2 A. Video Editor: Emphasize the first row of images. 
4.3.3. LAB MEDIA: Figure 2 A. Video Editor: Emphasize the second and third rows of images.

4.4. Principal component analysis showed that [1] the control cell lines clearly followed a differentiation pattern [2], but the gene expression pattern of mutant cells during differentiation stays largely similar to that of proliferating or undifferentiated cells [3].

4.4.1. LAB MEDIA: Figure 2 B. 
4.4.2. LAB MEDIA: Figure 2 B. Video Editor: Emphasize all the blue shapes. 
4.4.3. LAB MEDIA: Figure 2 B. Video Editor: Emphasize all the red shapes. 

4.5. In the clustering analysis [1], genes in cluster 1 were downregulated in control cells [2] and partially downregulated in R204W and R279W [3], but not in R304W [4]. These genes likely play roles in cell proliferation, as shown by gene ontology analysis [5].

4.5.1. LAB MEDIA: Figure 2 C and D. 
4.5.2. LAB MEDIA: Figure 2 C. Video Editor: Emphasize the control/cluster 1 section, (first row, left corner). 
4.5.3. LAB MEDIA: Figure 2 C. Video Editor: Emphasize the R204W and R279 sections in cluster 1 (2nd and 3rd in the first row). 
4.5.4. LAB MEDIA: Figure 2 C. Video Editor: Emphasize the R304W section in cluster 1 (first row, right).
4.5.5. LAB MEDIA: Figure 2 D, just the top table. 

4.6. Cluster 2 genes were first induced and subsequently downregulated in control cells [1]. These genes are likely involved in keratinocyte differentiation, as epidermal differentiation and keratinization functions were highly enriched for this cluster [2]. 

4.6.1. LAB MEDIA: Figure 2 C. Video Editor: Emphasize the control/cluster 2 section (2nd row, 1st column). 
4.6.2. LAB MEDIA: Figure 2 D, just the middle table. 

4.7. Genes in cluster 3 were only induced at the end of differentiation in control cells, which indicates that they may play a role in the outermost layer of the epidermis [1]. 

4.7.1. LAB MEDIA: Figure 2 D, just the bottom table. 






Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. Jos Smits: When analyzing RNAseq data, it is important to know what to expect. This will help you to check whether the RNAseq Quality control and the PCA plot are correct and to understand whether the results make sense.

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: Anything from 3.6 – 3.9. 

5.2. Jos Smits: Our method can be used to study gene expression in epidermal biology, as well as in many other biological systems

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