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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?  Enter Yes or No.  
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
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

As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

[bookmark: Text5]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: MM/DD/YYYY

DO NOT use this draft script for filming. Please wait until your script is finalized to begin the filming process. 

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

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps: 14
Number of Shots: 33 

Interviews 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: 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. Enter full author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter full author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1. 
1.1. 
1.2. 
1.3. 
1.4. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter full author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that you/your videographer will capture. 

2. Project Directory Structure for Reproducible Seurat-based CD4⁺ T-cell scRNA-Sequencing Analysis (Authors: We have modified the section title to introduce context. Please specify if this is appropriate?)
Demonstrator: Click here to enter name of demonstrator(s)

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, create a project directory for the analysis after establishing the CD4⁺ T-cell (C-D-four-positive-T-cell) malaria reinfection framework and setting up the R software requirements [1]. Create subdirectories named data, scripts, and results_spleen_cd4 (results-spleen-CD4) [2]. (Authors: Please verify if the narration perfectly aligns with the visual shown in the screen capture for all shots.)
2.1.1. WIDE: Talent creating a project directory for the analysis.
2.1.2. SCREEN: The data, scripts, and results_spleen_cd4 subdirectories being created.
2.2. Ensure that the workflow writes output [1] to the various directories [2]. 
2.2.1. SCREEN: The output directory paths being entered into the workflow.
2.2.2. TEXT ON A PLAIN BACKGROUND
Output Directories:
· results_spleen_cd4/GSE233703/fig/
· results_spleen_cd4/GSE233703/tables/
· results_spleen_cd4/GSE233703/rds/
· results_spleen_cd4/GSE233713/fig/
· results_spleen_cd4/GSE233713/tables/
· results_spleen_cd4/GSE233713/rds/
· results_spleen_cd4/post_markers/
2.3. Rename the Gene Expression Omnibus, or GEO (G-E-O) input files to match the paths expected by the script [1]. Use the exact file names specified and name the optional metadata [2] files in the required format [3]. 
2.3.1. SCREEN: The GEO input files being renamed.
2.3.2. SCREEN: The exact file names being verified in the data directory.
2.3.3. TEXT ON A PLAIN BACKGROUND
GEO Input File Names
· data/GSE233703_matrix.mtx.gz
· data/GSE233703_genes.tsv.gz
· data/GSE233703_barcodes.tsv.gz
· data/GSE233713_d27_3_matrix.mtx.gz
· data/GSE233713_d27_3_features.tsv.gz
· data/GSE233713_d27_3_barcodes.tsv.gz
· data/GSE233713_d30_matrix.mtx.gz
· data/GSE233713_d30_features.tsv.gz
· data/GSE233713_d30_barcodes.tsv.gz
Optional Metadata File names
· data/GSE233703_cell_metadata.csv
· data/GSE233713_cell_metadata.csv
2.4. Confirm that every metadata file contains a barcode column, and add optional columns such as sample, timepoint, and replicate when available [2]. Use exact barcode matches between the metadata and count matrices [3]. 
2.4.1. SCREEN: The optional metadata files being named.
2.4.2. SCREEN: The barcode column being confirmed and optional metadata columns being added.
2.4.3. SCREEN: Exact barcode matching being performed between the metadata and count matrices.
3. Matrix Import, Integrity Verification, and Gene Panel Definition
Demonstrator: Click here to enter name of demonstrator(s)
3.1. Read each matrix.mtx.gz (matrix-dot-M-T-X-dot-G-Z) file as a sparse matrix [1]. Read the corresponding features or genes file and barcode file as tab-delimited tables [2]. Assign gene symbols to matrix rows using the second column of the features file when available and enforce unique gene symbols using make.unique() (make-dot-unique-function) [3].
3.1.1. SCREEN: Each matrix.mtx.gz file being read as a sparse matrix.
3.1.2. SCREEN: The corresponding features file or genes file and barcode file being read as tab-delimited tables.
3.1.3. SCREEN: Gene symbols being assigned to matrix rows and made unique using make.unique().
3.2. Assign barcode identifiers to matrix columns [1]. Execute the code to import the matrix and assign identifiers [2].
3.2.1. SCREEN: Barcode identifiers being assigned to matrix columns.
3.2.2. SCREEN: The code from Supplementary file 2 being executed to import the matrix and assign identifiers.
3.3. Verify that the number of matrix rows equals the number of features [1]. Verify that the number of matrix columns equals the number of barcodes [2] and stop the workflow if any mismatch is detected [3].
3.3.1. SCREEN: The matrix row count being compared with the feature count.
3.3.2. SCREEN: The matrix column count being compared with the barcode count.
3.3.3. SCREEN: The workflow stopping when a mismatch is detected.
3.4. Define named gene panels for Th1 (T-H-one), Tfh (T-F-H), Tr1 (T-R-one), Treg (T-reg), Tcm (T-C-M), Tem (T-E-M), Exhaustion, Proliferation, Cytotoxic, Activation_early (Activation-early), Interferon_response (Interferon-response), and Immune_regulation (Immune-regulation) [1]. Store these panels in a named R list for downstream module scoring [2].
3.4.1. SCREEN: The named gene panels being defined.
3.4.2. SCREEN: The named gene panels being stored in a named R list.
3.5. Run the R code to define the gene panels [1]. Define a separate validation panel containing canonical marker genes such as Foxp3 (Fox-P-three), Bcl6 (B-C-L-six), Cxcr5 (C-X-C-R-five), Il21 (I-L-twenty-one), Ifng (I-F-N-gamma), Ctla4 (C-T-L-A-four), Pdcd1 (P-D-C-D-one), Lag3 (Lag-three), Tbx21 (T-B-X-twenty-one), Tcf7 (T-C-F-seven), and Lef1 (L-E-F-one) [2].
3.5.1. SCREEN: The R code from Supplementary file 2 being run to define the gene panels.
3.5.2. SCREEN: The separate validation panel being defined with the canonical marker genes.
4. Create Seurat Objects and Compute Quality-Control Metrics
Demonstrator: Click here to enter name of demonstrator(s)
4.1. Create a Seurat object for each dataset and set the values for min.cells (min-dot-cells) as 3 and min.features (min-dot-features) as zero [1], without imposing arbitrary feature cutoffs at import [2].
4.1.1. SCREEN: A Seurat object being created for each dataset using min.cells equals 3 and min.features equals 0.
4.1.2. SCREEN: The import code being checked to confirm that no arbitrary feature cutoffs are imposed.
4.2. Add dataset, sample, and timepoint metadata [1]. Merge the optional metadata using barcode matching [2].
4.2.1. SCREEN: Dataset, sample, and timepoint metadata being added.
4.2.2. SCREEN: The optional metadata being merged using barcode matching.
4.3. Execute the R code to create a Seurat object and assign metadata [1]. Calculate the mitochondrial transcript fraction using the murine prefix ^mt- (starts-with-M-T) [2].
4.3.1. SCREEN: The R code from Supplementary file 2 being executed to create a Seurat object and assign metadata.
4.3.2. SCREEN: The mitochondrial transcript fraction being calculated using the murine prefix ^mt-.
4.4. Quantify nFeature_RNA (N-Feature-R-N-A), nCount_RNA (N-Count-R-N-A), and percent.mt (percent-dot-M-T) metrics [1] and run the example code [2].
4.4.1. SCREEN: nFeature_RNA, nCount_RNA, and percent.mt being quantified.
4.4.2. SCREEN: The example code from Supplementary file 2 being run.
4.5. Generate violin plots for nFeature_RNA, nCount_RNA, and percent.mt [1]. Generate feature-scatter plots for nCount_RNA versus nFeature_RNA and nCount_RNA versus percent.mt [2]. Save the pre-filter figures using standardized names such as QC_pre_filter_AllCells_vln.png (Q-C-prefilter-All-Cells_violin-dot-P-N-G) and QC_pre_filter_AllCells_scatter.png (Q-C-prefilter-All-Cells_scatter-dot-P-N-G) for filtering, normalization, clustering, and analysis of the datasets [3].
4.5.1. SCREEN: Violin plots being generated for nFeature_RNA, nCount_RNA, and percent.mt.
4.5.2. SCREEN: Feature-scatter plots being generated for nCount_RNA versus nFeature_RNA and nCount_RNA versus percent.mt.
4.5.3. SCREEN: The pre-filter figures being saved with standardized names.


Results
Please review this section to make sure that it accurately reflects your findings.
· You/Your videographer does not have to record this section. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 205.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. Pre-filter quality-control distributions showed heterogeneous transcript complexity, with most cells displaying moderate detected gene and transcript counts [1], and a smaller subset showing high-count outlier profiles consistent with potential multiplets [2].
5.1.1. LAB MEDIA: Figure 2A. Video editor: Highlight the dense group of points centered in the nFeature_RNA and nCount_RNA distributions.
5.1.2. LAB MEDIA: Figure 2A. Video editor: Highlight the sparse points at the upper end of the nFeature_RNA and nCount_RNA distributions.
5.2. Scatterplots showed a strong positive relationship between nCount_RNA and nFeature_RNA [1], while percent.mt remained weakly associated with total transcript counts [2].
5.2.1. LAB MEDIA: Figure 2B. Video editor: Highlight the scatterplot showing nCount_RNA on the horizontal axis and nFeature_RNA on the vertical axis with the upward trend of points and emphasize the value 0.97.
5.2.2. LAB MEDIA: Figure 2B. Video editor: Highlight the scatterplot showing nCount_RNA on the horizontal axis and percent.mt on the vertical axis with the broadly flat distribution of points and highlight the value -0.12.
5.3. Canonical marker expression supported central memory-like or less differentiated states marked by Tcf7 (T-C-F-seven), Lef1 (L-E-F-one), Ccr7 (C-C-R-seven), and Il7r (I-L-seven-R) [1], Th1-skewed (T-H-one-skewed) effector states marked by Ifng (I-F-N-gamma), Tbx21 (T-B-X-twenty-one), and Cxcl10 (C-X-C-L-ten) [2], T follicular helper-associated states marked by Bcl6 (B-C-L-six), Cxcr5 (C-X-C-R-five), and Il21 (I-L-twenty-one) [3], and additional regulatory, exhaustion-associated, and proliferative signatures [4].
5.3.1. LAB MEDIA: Figure 4A. Video editor: Highlight the columns labelled "Tcf7", "Lef1", "Ccr7", and "Il7r".
5.3.2. LAB MEDIA: Figure 4A. Video editor: Highlight the columns labelled "Ifng", "Tbx21", and "Cxcl10".
5.3.3. LAB MEDIA: Figure 4A. Video editor: Highlight the columns labelled "Bcl6", "Cxcr5", and "Il21".
5.3.4. LAB MEDIA: Figure 4A. Video editor: Highlight the columns labelled "Foxp3", "Ctla4", "Pdcd1", "Lag3", "Havcr2", "Mki67", and "Top2a".
5.4. Pre-filter quality-control profiles for day 27 [1] and day 30 malaria re-infection timepoints showed comparable distributions of detected genes, transcript counts, and mitochondrial transcript fractions, indicating similar library quality across timepoints [2]. Post-filter quality-control plots showed reduced low-quality tails and outlier populations in both samples, resulting in more coherent distributions of detected genes, transcript counts, and mitochondrial transcripts [3].
5.4.1. LAB MEDIA: Figure 6A. Video editor: Highlight the three plots for D27_3 showing nFeature_RNA, nCount_RNA, and percent.mt.
5.4.2. LAB MEDIA: Figure 6B. Video editor: Highlight the three plots for D30 showing nFeature_RNA, nCount_RNA, and percent.mt.
5.4.3. LAB MEDIA: Figure 6C–D. Video editor: Highlight the the reduced extreme points in nFeature_RNA, nCount_RNA, and percent.mt distributions after filtering.
5.5. Temporal immune response dynamics between reinfection timepoints showed increased expression of activation, inhibitory, Th1, and Tfh (T-F-H)-associated genes, including Lag3 (lag-three), Pdcd1 (P-D-C-D-one), Ctla4 (C-T-L-A-four), Ifng (I-F-N-gamma), Tbx21 (T-B-X-twenty-one), Il21 (I-L-twenty-one), Cxcr5 (C-X-C-R-five), and Bcl6 (B-C-L-six) on day 27 [1]. By comparison, day 30 showed reduced activation-associated expression, indicating a transition from an earlier activated state toward a later memory-enriched state [2].
5.5.1. LAB MEDIA: Figure 10A. Video Editor: Highlight the columns corresponding to Lag3, Pdcd1, Ctla4, Ifng, Tbx21, Il21, Cxcr5, and Bcl6 and vertical axis D27_3
5.5.2. LAB MEDIA: Figure 10B. Video Editor: Please emphasize the dark blue color boxes corresponding to Lag3, Ctla4, Pdcd1 in D30 column.
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