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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?  Yes

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:  19
Number of Shots:  34

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Gunjan Dixit:  This protocol provides a comprehensive understanding of the gene isoforms generated by alternative splicing and polyadenylation by providing a step-by-step workflow to identify splicing sites, differentially expressed exons and polyA sites.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 2.18.1.

1.2. Gunjan Dixit: The main advantage is that this protocol evaluates both exon-based and event-based approaches for studying alternative splicing. It also applies the exon-based approach to detect alternative polyadenylation.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


OPTIONAL: 
1.3. Gunjan Dixit:  The R markdown files that include all the code and notes for AS and APA analysis have been provided. It would be advisable follow the steps in the R markdown files and read the notes provided for each step. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 2.1.2.


1.4. 

Protocol

2. Alternative Splicing (AS) Analysis using RNA-seq

2.1. To identify differential splicing using diffSplice (pronounce ‘diff-Splice’) from LIMMA [1], follow the R Notebook file. Prepare the input files as described in the text manuscript [2]. 
2.1.1. Talent at the computer.
2.1.2. SCREEN: 62636_screenshot_1.mp4. 00:02 – 00:10. Video Editor: Emphasize the following text on screen: AS_analysis_RNASeq.Rmd.
2.2. Ensure steps 1 through 3 in the manuscript have been followed sequentially to prepare input files before proceeding further [1]. Begin by loading the necessary libraries. [2]. Video editor: This step is important!
2.2.1. SCREEN: 62636_screenshot_1.mp4. 00:24 – 00:35. Video editor: Speed up the video from 00:24 – 00:35.
2.2.2. SCREEN: 62636_screenshot_1.mp4. 01:10 – 1:15. Video Editor: Emphasize the following code on screen: library(limma) library(edgeR)

2.3. To perform non-specific filtering, first extract the matrix of read counts obtained previously [1] and create a list of features using the DGEList (pronounce ‘D-G-E-List’) function from the edgeR package, where rows represent genes and columns represent samples [2]. Video editor: This step is important!
2.3.1. SCREEN: 62636_screenshot_2.mp4. 00:10 – 00:17. Video Editor: Emphasize the following code on screen: mycounts = countData$counts
2.3.2. SCREEN: 62636_screenshot_2.mp4. 00:23 – 00:34. Video Editor: Emphasize the following code on screen: rownames(mycounts) = exoninfo$ExonID…. dge <- DGEList(counts=mycounts)
2.4. Then, transform the data from raw scale to counts per million using the ‘cpm’ function from the edgeR package and keep exons with counts greater than a settable threshold [1]. This dataset contains 6 samples, hence the cpm is set at greater than 1 in at least 3 samples out of 6.[2]

2.4.1. SCREEN: 62636_screenshot_2.mp4. 01:03 – 01:14 Video Editor: Emphasize the following code on screen: isexpr<- rowSums(cpm(dge)>1) >=3
2.4.2. SCREEN: 62636_screenshot_2.mp4. 00:53 – 01:01

2.5. Normalize the counts across samples with the calcNormFactors (pronounce ‘calk-Norm-Factors’) function from the edgeR package using Trimmed Mean of M values. This function will compute scaling factors to adjust library sizes [1]. 
2.5.1. SCREEN: 62636_screenshot_3.mp4. 00:05 – 00:21 Video Editor: Emphasize the following code on screen: dge <- calcNormFactors(dge)

2.6. Use the previously generated sampleTable and create the design matrix to define the experimental conditions for each sample [1].
2.6.1. SCREEN: 62636_screenshot_3.mp4. 00:33 – 00:43. Video editor: Emphasize the following code on screen: Treat<- factor(sampleTable$condition)……. colnames(design) <- levels(Treat)

2.7. Run the voom function of the limma package to process RNA sequencing data to estimate the variance. This function will generate precision weights to correct for Poisson count noise and transform the exon-level counts to log2-counts per million or logCPM [1]. 
2.7.1. SCREEN: 62636_screenshot_4.mp4. 00:03 – 00:24. Video Editor: Emphasize the following code on screen: v <- voom(dge,design,plot=FALSE)

2.8. Run the lmfit function to fit linear models to the expression data for each exon [1]. Then, run the eBayes (pronounce ‘e-bays’) function to compute empirical Bayes statistics for the fitted model to detect differential exon expression [2].

2.8.1. SCREEN: 62636_screenshot_5.mp4. 00:14 – 00:20. Video Editor: Emphasize the following code on screen: fit <- lit(v,design)

Video editor: This step is important!

2.8.2. SCREEN: 62636_screenshot_5.mp4.  00:41 – 00:51. Video Editor: Emphasize the following code on screen: fit <- eBayes(fit)

2.9. Define a contrast matrix for the experimental comparisons of interest. Use the contrasts.fit function to obtain coefficients and standard errors for each pair of comparisons [1].

2.9.1. SCREEN: 62636_screenshot_6.mp4. 00:25 – 00:40. Video Editor: Emphasize the following code on screen: colnames(fit)…... fit2 <- contrasts.fit (fit, cont.matrix)


2.10. Run diffSplice on the fitted model to test the differences in exon usage of genes between wild-type and knockout [1]. Explore the top-ranked results using the topSplice function where test equal to ‘t’ gives a ranking of AS exons [2], and test equal to ‘simes’ gives a ranking of genes [3]. 

2.10.1. SCREEN: 62636_screenshot_7.mp4. 00:24 – 00:31. Video Editor: Emphasize the following code on screen: ex <- diffSplice(fit2, geneid = exoninfo$GeneID, exonid = exoninfo$ExonID)

Video editor: This step is important!

2.10.2. SCREEN: 62636_screenshot_7.mp4. 00:51 – 01:01 Video Editor: Emphasize the following code on screen: ts <-topSplice(ex, n=Inf, FDR=0.1, test= "t", sort.by = "logFC")

2.10.3. SCREEN: 62636_screenshot_7.mp4. 01:16 – 01:21 Video Editor: Emphasize the following code on screen: tg <-topSplice(ex, n=Inf, FDR=0.1, test= "simes")


2.11. Run the plotSplice function to plot the results, inputting the gene of interest in the geneid argument [1]. The red points show the differentially expressed exons [2]. Generate a volcano plot using ‘enhancedVolcano’ Bioconductor package to exhibit the differentially expressed exons [3].

2.11.1. SCREEN: 62636_screenshot_8.mp4. 00:18 – 00:24. Video Editor: Emphasize the following code on screen: plotSplice(ex, geneid="Wnk1", FDR=0.1)
2.11.2. SCREEN: 62636_screenshot_8.mp4. 00:39 – 00:44.

2.11.3. SCREEN: 62636_screenshot_8.mp4. 00:59 – 01:11Video Editor: Emphasize the following code on screen: EnhancedVolcano(ts, lab = ts$ExonID, selectLab = head((ts$ExonID),2000),xlab =………. = bquote(~Log[2]~ "Fold change cutoff, 2; FDR 10%"))

2.12. To use rMATS, ensure the latest version of rMATS version 4.1.1 is installed either using conda or github in the working directory [1]. Go to the folder containing bam files obtained after mapping. Prepare text files, as required by rMATS, for the two conditions by copying the name of bam files and their path separated by a comma [2].

2.12.1. SCREEN: 62636_screenshot_9.mp4. 00:18 – 00:20, 00:46 – 00:53.

2.12.2. SCREEN: 62636_screenshot_9.mp4. 01:00 – 01:20. Video Editor: Emphasize the following code on screen: mkdir rMATS_analysis…… mv *.txt ../rMATS_analysis



2.13. Run rmats.py using the two generated input text files describing the path of the bam files and the annotation.gtf file obtained previously [1]. This generates an output folder rmats_out containing text files describing statistics, including p-values and Inclusion levels for each splicing event separately [2].

2.13.1. SCREEN: 62636_screenshot_10.mp4. 00:11 – 00:20, 00:33 – 00:36. 00:51 – 00:53. Video Editor:  Emphasize the following code on screen: python rmats-turbo/rmats.py --b1 KO.txt --b2 Wt.txt --gtf annotation.gtf -t paired –-readLength 50 --nthread 8 --od rmats_out/ --tmp rmats_tmp --task pos

Video editor: This step is important!

2.13.2. SCREEN: 62636_screenshot_10.mp4. 01:00 – 01:10


2.14. Use the Bioconductor package maser (pronounce ‘mey-zer’) to explore the rMATS results. Load the Junction and exon counts text files with the extension .JCEC into the maser object and include at least five average reads per splicing event to filter the result based on coverage [1]. 

2.14.1. SCREEN: 62636_screenshot_11.mp4. 00:05 – 00:08, 00:12 – 00:18, 00:31 – 00:41. Video Editor: Emphasize the following code on screen: library(maser)…… mbnl1_filt <- filterByCoverage(mbnl1, avg_reads = 5)

2.15. To visualize the rMATS results, first, run the topEvents function from the maser package, selecting the significant splicing events at a False Discovery Rate of 10 percent and a minimum 10 percent change in Percent Spliced In, or PSI [1].

2.15.1. SCREEN: 62636_screenshot_12.mp4. 00:08 – 00:25, Video Editor: Emphasize the following code on screen: mbnl1_top <- topEvents(mbnl1_filt, fdr = 0.1, deltaPSI = 0.1)…..mbnl1_top

2.16. Check the gene events for individual genes of interest and plot PSI values for each splicing event of that gene. Generate a volcano plot by specifying the event type [1]. 

2.16.1. SCREEN: 62636_screenshot_13.mp4. 00:16 – 00:21, 00:37 – 00:46 Video Editor: Emphasize the following code on screen: mbnl1_wnk1 <- geneEvents(mbnl1_filt, geneS = "Wnk1", fdr = 0.1, deltaPSI = 0.1)…… Pvalue")+ ggtitle("Volcano Plot of exon skipping events")

2.17. Use the splicing events result obtained with rMATS in the form of text files to generate Sashimi plots using the rmats2shahimiplot (pronounce r-mats-two-sashimi-plot’) package [1]. Video editor: This step is important!

2.17.1. SCREEN: 62636_screenshot_14.mp4. 00:06 – 00:10, 00:19 – 00:26 Video Editor: Emphasize the following code on screen: python ./src/rmats2sashimiplot/rmats2sashimiplot.py --……. exon_s 1 --intron_s 5 -o ../rMATS_analysis/rmats2shasmi_output

Video editor: Speed up the video from 00:19 – 00:26

2.18. The Sashimi plot shows a skipped exon event in the Wnk1 gene [1], each row represents an RNA-Seq sample: three replicates of wild-type [2] and Mbnl1 knock-out [3]. 

2.18.1. SCREEN: 62636_screenshot_14.mp4. 01:09 -01:14.
2.18.2. SCREEN: 62636_screenshot_14.mp4. 01:15 – 01:20 Video Editor: Emphasize the red Sashimi plots.
2.18.3. SCREEN: 62636_screenshot_14.mp4. 01:20 – 01:23 Video Editor: Emphasize the orange Sashimi plots.


2.19. The height shows read coverage in RPKM [1] and the connecting arcs depict junction reads across exons [2]. The bottom part shows annotated gene model alternative isoforms [3].

2.19.1. SCREEN: 62636_screenshot_14.mp4. 01:31 – 01:35. Video Editor: Emphasize the height of the 1st orange Sashimi plot using a vertical arrow.
2.19.2. SCREEN: 62636_screenshot_14.mp4. 01:38 – 01:43. Video Editor: Emphasize the connecting arc in the 2nd red Sashimi plot.
2.19.3. SCREEN: 62636_screenshot_14.mp4. 01:45 – 01:49.





Results
3. Results: Alternative Splicing and Polyadenylation in RNA-seq Data

3.1. A substantial fold change and strong statistical evidence of genuine differences can be observed in the genes located at the top left or right quadrants of the volcano plots obtained using diffSplice [1] and DEXSeq (pronounce ‘dex-seek’) [2]. 
3.1.1. LAB MEDIA: Figure 2A (left panel).
3.1.2. LAB MEDIA: Figure 2B (left panel).

3.2. A cassette exon was found to be varying between different conditions for the gene Wnk1 (pronounce ‘Wink-one’) [1]. The differential exon usage plot showed evidence of differential splicing at five exon sites near Wnk1.6.45. with the exons highlighted in pink likely to be spliced out in Mbnl1 KO (pronounce ‘M-b-n-l one knockout’ ) samples compared to wild type [2]. 

3.2.1. LAB MEDIA: Figure 2A (right panel).
3.2.2. LAB MEDIA: Figure 2B (right panel).

3.3. A volcano plot of genes that are alternatively spliced helped distinguish between the genes that were excluded from wild type [1] and those that were included in wild type [2]. The types of splicing events SE, A5SS [3] , A3SS, MXE and RI were visualized using Sashimi plots of the top significant genes of those events [4].

3.3.1. LAB MEDIA: Figure 2C (left panel). Video Editor: Emphasize the red points.
3.3.2. LAB MEDIA: Figure 2C (left panel). Video Editor: Emphasize the blue points.
3.3.3. LAB MEDIA: Figure 3B, 3C.
3.3.4. LAB MEDIA: Figure 3D, 3E and 3F.

3.4. The differential APA activity in 3 prime untranslated regions of genes was observed using volcano plots [1]. The significantly differential pA site usage results acquired from different pipelines were visualized using a Venn plot [2].

3.4.1. LAB MEDIA: Figure 4A.
3.4.2. LAB MEDIA: Figure 4B.

3.5. A significant distal to proximal shift of pA site usage in double knockouts can be observed in both genes Fosl2 (pronounce ‘Fos-il two’ ) [1] and Papola [2]. The mean coverage in flanking regions anchored at known pA cleavage sites on the genome-wide level was determined using a diagnostic plot [3]. 

3.5.1. LAB MEDIA: Figure 4C.
3.5.2. LAB MEDIA: Figure 4D.
3.5.3. LAB MEDIA: Figure 5.









Conclusion
4. [bookmark: _Hlk27388131]Conclusion Interview Statements

4.1. Gunjan Dixit: Ensure the parameters such as ‘strand-specific’ information and ‘allowMultiOverlap’ are correctly used when calculating the count matrix with the featureCounts function. Linear model fitting and generating contrast pairs is important for proper comparison. For rMATS, ensure all the parameters are set correctly based on your own data before running the command.

4.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested b-roll: 2.8.1, 2.9.1, 2.13.1


4.2. Gunjan Dixit: The genes obtained by gene-level differential splicing activity can subsequently be used to perform gene set enrichment analysis (GSEA) of key pathways involved. MISO can also be performed for additional event-based analysis.

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