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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 
☐ Incorrect 

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

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k

Authors: Please create screen capture videos of the shots labeled as SCREEN,
create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21615398

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 08/30/2026


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 

Current Protocol Length

Number of Steps:  22
Number of Shots:  53 

Interviews 

Authors: Answers are slightly edited in accordance with journal guidelines. Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Oche George Ambrose: My research focuses on examining how cerebral malaria alters brain gene expression and how artesunate reverses inflammatory and neurovascular changes. 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Oche George Ambrose: Existing analyses are often ad hoc and irreproducible; this protocol standardizes metadata validation, DESeq2 analysis, immune profiling, and interpretation. 
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:
What does this protocol allow researchers to study or measure?
1. 
1.1. 
1.2. 
1.3. Oche George Ambrose: This protocol measures disease- and treatment-associated gene-expression changes, immune pathway activity, and neuroinflammatory and blood–brain barrier responses.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the most important consideration or challenge when performing this protocol.
1.4. Oche George Ambrose: The most important challenge is accurate metadata alignment and quality control, preventing sample misclassification and misleading differential-expression results.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Protocol  
2. Preparation of the RNA-seq Dataset and Initial Quality Control
Demonstrator: Click here to enter name of demonstrator(s)
Authors: After the shoot, please let us know who demonstrated the procedure for each protocol section.
2.1. To begin, prepare the computational environment [1] by installing the required software and R packages and creating the project directory structure [2]. Verify the downloaded RNA-seq (R-N-A sequencing) count dataset and confirm the sample group assignments using Gene Expression Omnibus or GEO (Geo) metadata [3-TXT]. 
2.1.1. WIDE: Talent working at the computer to begin the computational setup.
2.1.2. SCREEN: The project folder and output directories are configured with the required software and R packages.
2.1.3. SCREEN: RNA-seq count dataset and corresponding GEO metadata being reviewed to verify the sample group assignments. TXT: GEO RNA-seq Dataset: GSE162535
[bookmark: OLE_LINK4]Authors: Please create screen capture videos of the shots labeled as SCREEN,
create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21615398
2.2. Replace missing values in the count matrix with zero [1] and confirm the absence of missing values [2]. Create the DESeq2 (Deseq-two) dataset [3], remove genes with a total count of less than 10 across all samples [4], and record the number of retained genes by printing the object summary [5].
2.2.1. SCREEN: Missing values being replaced with zero in the count matrix 
2.2.2. SCREEN: Display the cleaned dataset without missing values.
2.2.3. SCREEN: Display the code editor and run DESeqDataSetFromMatrix() with: countData = counts;  colData = sample_info; design = ~ group.
2.2.4. SCREEN: Display the Low-count genes being removed using dds <- dds[rowSums(counts(dds)) >= 10, ]. 
2.2.5. SCREEN: Display the printed object summary with the number of retained genes.

2.3. Compute the library sizes as the column sums of the filtered count matrix [1]. Generate a library-size barplot, and save it [2]. Inspect the library size plot to confirm that no sample has an extreme sequencing depth inconsistent with the study design [3].
2.3.1. SCREEN: Display library sizes computed as column sums of the filtered count matrix.
2.3.2. SCREEN: Display the library size barplot saved as results/fig/library_sizes.pdf.
2.3.3. SCREEN: Display the library size plot with no sample showing extreme sequencing depth.
3. DESeq2 Modeling and Generation of Transformation Objects for Visualization
Demonstrator: Click here to enter name of demonstrator(s)

3.1. Run differential expression modeling [1]. Retain the fitted DESeqDataSet, or DDS (D-D-S), object for all downstream results extraction [2].
3.1.1. SCREEN: Display the code editor and run dds <- DESeq(dds).
3.1.2. SCREEN: Display the fitted dds object retained in the workspace.
3.2. Compute the regularized log transformation [1] and the variance-stabilizing transformation [2]. Use rld (R-L-D) and vsd (V-S-D) for principal component analysis, or PCA (P-C-A), clustering, and heatmaps [3].
3.2.1. SCREEN: Display the code editor and run rld <- rlog(dds, blind = FALSE).
3.2.2. SCREEN: Display the code editor and run vsd <- vst(dds, blind = FALSE).
3.2.3. SCREEN: Display the rld and vsd transformed expression matrices and the corresponding principal component analysis, clustering, and heatmap workflows in the script. 

4. PCA and Sample Distance Clustering
Demonstrator: Click here to enter name of demonstrator(s)
4.1. Compute PCA [1]. Extract the percent variance explained for PC 1 and PC 2 [2]. Plot PC 1 versus PC 2 using ggplot2 (G-G-plot-two), label points by sample name, and coloring by group [3].
4.1.1. SCREEN: Show the code editor and run plotPCA(rld, intgroup = "group", returnData = TRUE).
4.1.2. SCREEN: Show the extraction of the percent variance explained for principal component 1 and principal component 2.
4.1.3. SCREEN: Show the principal component analysis plot being generated in ggplot2, and the samples being labeled by sample name and colored by group.
4.2. Save the PCA plot [1]. Confirm that biological replicates cluster by group and that no sample separates as an outlier [2].
4.2.1. SCREEN: Show the PCA plot being saved as results/fig/PCA_samples.pdf.
4.2.2. SCREEN: Display the saved principal component analysis plot showing biological replicates clustering by group, and no sample appearing as an outlier.
4.3. Compute pairwise sample distances [1]. Convert the distance object to a matrix for visualization [2]. Create a column annotation table containing the group factor for each sample [3].
4.3.1. SCREEN: Show the code editor and run dist(t(assay(vsd))).
4.3.2. SCREEN: Show the pairwise distance object being converted to a matrix.
4.3.3. SCREEN: Show creation of the column annotation table containing the group factor for each sample.
4.4. Plot the distance matrix and save it [1]. Confirm that samples cluster primarily by group [2].
4.4.1. SCREEN: Show the code editor and run pheatmap() to generate the sample distance heatmap and save it as results/fig/sample_distance_heatmap.pdf.
4.4.2. SCREEN: Display the sample distance heatmap with samples clustering primarily by group.

5. Differential Expression Analysis Across Experimental Contrasts
Demonstrator: Click here to enter name of demonstrator(s)

5.1. Define the disease effect as experimental cerebral malaria, or ECM (E-C-M), versus control by comparing the malaria brain group, or MB (M-B), with the control brain group, or CB (C-B) [1]. Define the treatment effect within the ECM by comparing the artesunate-treated brain, or AB (A-B), with the MB [2]. Define the treatment-versus-baseline effect by comparing AB with CB [3].
5.1.1. SCREEN: Show the disease effect being defined as the comparison between the malaria brain group and the control brain group.
5.1.2. SCREEN: Show the treatment effect within experimental cerebral malaria being defined as the comparison between the artesunate-treated brain group and the malaria brain group.
5.1.3. SCREEN: Show the treatment-versus-baseline effect being defined as the comparison between the artesunate-treated brain group and the control brain group.

5.2. Extract raw results for each contrast [1]. Shrink log2 (log-two) fold changes [2].
5.2.1. SCREEN: Show raw differential expression results extracted for each contrast using results(dds, contrast = c("group", groupA, groupB)).
5.2.2. SCREEN: Show log base 2 fold changes shrunk for each contrast using lfcShrink(dds, contrast = c("group", groupA, groupB), res = res, type = "normal").
5.3. Convert the results to a data frame and store the gene identifier as a column [1]. Order the results by nominal p-value for stable reporting [2].
5.3.1. SCREEN: Show the results converted to a data frame with the gene identifier stored in the gene_id column.
5.3.2. SCREEN: Show the results ordered by nominal significance value.

5.4. Save each full results table [1].
5.4.1. SCREEN: Show the full results tables saved in the results/tables/ folder.
5.5. Define differentially expressed genes, or DEG (D-E-G), using an adjusted p-value less than 0.05 and an absolute log2 fold change, or FC (F-C), greater than or equal to 1 [1]. Filter each contrast to exclude genes with missing adjusted p-values [2].
5.5.1. SCREEN: Show the filtering criteria applied to define differentially expressed genes.
5.5.2. SCREEN: Show each contrast filtered to exclude genes with missing adjusted significance values.
5.6. Export significant DEG tables [1].
5.6.1. SCREEN: Show the significant differentially expressed gene tables exported to the results/tables/ folder.
5.7. Compute the number of significant genes per contrast and save the summary table [1].
5.7.1. SCREEN: Show the number of significant genes computed for each contrast and the summary table being saved. 

6. Visualization of Differential Expression Results
Demonstrator: Click here to enter name of demonstrator(s)

6.1. Compute minus log10 for each gene [1]. Classify each gene as up, down, or not significant using the thresholds [2-TXT].
6.1.1. SCREEN: Show negative log base 10 of the adjusted p-value computed for each gene.
6.1.2. SCREEN: Show each gene classified as up, down, or not significant based on the filtering thresholds. TXT: Thresholds: FDR < 0.05 and |log2FC| ≥ 1
6.2. Plot log2 FC, on the x-axis versus minus log10 of the false discovery rate, or FDR (F-D-R), on the y-axis using ggplot2 [1]. Add dashed threshold lines [2-TXT]. Save each plot [3].
6.2.1. SCREEN: Display the volcano plot generated using ggplot2, with log base 2 fold change on the x-axis and negative log base 10 of the false discovery rate on the y-axis.
6.2.2. SCREEN: Show dashed threshold lines on the volcano plot at log base 2 fold change values of negative 1 and positive 1, and at negative log base 10 of 0.05. TXT: Thresholds: log2FC = ±1 and -log10(0.05)
6.2.3. SCREEN: Show the three volcano plots saved as pdf files in the results/fig/ folder.

6.3. Open a PDF device [1]. Plot MA (M-A) plots for each raw DESeq2 result object [2]. Label each plot with the contrast name and close the PDF device [3].
6.3.1. SCREEN: Show the PDF device opened as results/fig/MA_plots.pdf.
6.3.2. SCREEN: Show MA plots generated with plotMA() and labeled by contrast name.
6.3.3. SCREEN: Show MA plots being labeled by contrast name and the PDF device closed.
6.4. Compute row-wise variance across samples from the vsd assay matrix [1]. Select the top 100 most variable genes [2]. Mean-center each gene across samples [3].
6.4.1. SCREEN: Show row-wise variance computed from the vsd assay matrix.
6.4.2. SCREEN: Show the top 100 most variable genes selected.
6.4.3. SCREEN: Show the selected genes mean-centered across samples.
6.5. Generate a heatmap with sample group annotations and save the figure [1].
6.5.1. SCREEN: Show the annotated heatmap generated using pheatmap() and saved as results/fig/heatmap_top100_variable_genes.pdf.
6.6. Select the top 50 genes by adjusted p-value for each contrast [1]. Extract their VSD expression matrix and mean-center by gene [2]. Generate a heatmap for each contrast and save them [3].
6.6.1. SCREEN: Show the top few genes being selected by adjusted p-value for each contrast.
6.6.2. SCREEN: Show the vsd expression matrix being extracted and mean-centered by gene.
6.6.3. SCREEN: Show the heatmap being generated and saved as pdf files in the results/fig/ folder.
Results
7. Results 

7.1. PCA of rlog (R-log) transformed counts showed separation of samples by experimental group, with replicates clustering within groups [1].
7.1.1. LAB MEDIA: Figure 1A. Video editor: Highlight the red, green, and blue dots clustered on the right side of the graph.
7.2. Sample-to-sample Euclidean distance heatmaps showed clear clustering by condition [1].
7.2.1. LAB MEDIA: Figure 1B. 
7.3. Volcano plots were generated for each contrast to visualize effect size and statistical significance distributions [1].
7.3.1. LAB MEDIA: Figure 2.
7.4. The top differentially expressed genes for MB vs CB [1], AB vs MB [2], and AB vs CB showed consistent separation of samples according to experimental condition [3].
7.4.1. LAB MEDIA: Supplementary Figure 4. Video editor: Highlight the columns labelled 'MB_1' through 'MB_4' and 'CB_1' through 'CB_4'. 
7.4.2. LAB MEDIA: Supplementary Figure 3. Video editor: Highlight the columns labelled 'AB_1' through 'AB_4' and 'MB_1' through 'MB_4'.
7.4.3. LAB MEDIA: Supplementary Figure 2. Video editor: Highlight the columns labelled 'AB_1' through 'AB_4' and 'CB_1' through 'CB_4'.
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