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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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
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.

2. 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.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

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: 19
Number of Shots:  50 (33 SC)

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

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 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 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 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?
1.4. Enter 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 most important consideration or challenge when performing this protocol.
1.5. Enter 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 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 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.


Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at (insert Institutional Name)

Authors: Please state the full name of the ethics board and the specific institution responsible for the ethical oversight of the study.


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.) with purple font 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 the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Colony Re-plating of MNX1-Engineered Mouse Hemogenic Gastruloids (haemGx)
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, add 1.5 milliliters of prewarmed phosphate-buffered saline, or PBS (P-B-S) to the wells of a 6-well plate containing hemogenic gastruloid colonies in methylcellulose medium [1]. Use a P1000 (P-one thousand) pipette set to 500 microliters to gently resuspend the methylcellulose by slowly pipetting up and down, taking care to avoid foaming [2]. 
2.1.1. WIDE: Talent pipetting 1.5 milliliters of PBS into an individual well.  Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent slowly pipetting the methylcellulose suspension up and down using a P1000 pipette set to 500 microliters.
2.2. Once the methylcellulose is fully dispersed and free of visible clumps, transfer the contents of each well to a 15-milliliter conical tube [1]. Rinse the well with an additional 1.5 milliliters of PBS to collect remaining cells [2]. Pipette slowly to resuspend any residual methylcellulose and add the suspension to the same tube [3]. After performing a final 500 microliter rinse with PBS, pool it with the previous suspensions [4]. 
2.2.1. Talent transferring the contents of the well into a 15 mL conical tube.
2.2.2. Talent rinsing the same well with 1.5 mL of PBS.
2.2.3. Talent adding the suspension into the same conical tube.
2.2.4. Talent pooling the final wash with the previous collected suspensions in the same tube.
2.3. Centrifuge the collected suspension at 400 g for 5 minutes at room temperature to pellet the cells [1]. Carefully aspirate the supernatant [2]. Wash the pellet with 5 milliliters of PBS to remove any remaining methylcellulose [3].
2.3.1. Talent placing the conical tube into the centrifuge.
2.3.2. Talent aspirating the supernatant from the pellet after centrifugation.
2.3.3. Talent adding phosphate-buffered saline to the pellet and resuspending the cells.
2.4. Centrifuge the suspension again at 400 g for 5 minutes [1]. Discard the supernatant [2] and resuspend the final cell pellet in 200 to 1000 microliters of N2B27 (N-two-B-twenty seven) culture medium based on pellet size [3].
2.4.1. Talent placing the tube into the centrifuge for the second centrifugation.
2.4.2. Talent discarding the supernatant from the tube.
2.4.3. Talent resuspending the final cell pellet in N2B27 culture medium.
2.5. Count the viable cells using a hemocytometer [1]. Add the gastruloid single-cell suspension containing 100,000 cells, suspended in 300 microliters of N2B27 medium, to 3 milliliters of thawed, thoroughly mixed methyl cellulose medium free of air bubbles [2]. After vortexing to achieve a uniform cell distribution, use a 5 mL serological pipette and a pipettor to dispense the medium into 2 wells of the 6-well plate to replate the cells and assess the colony-forming potential of hemogenic gastruloid cells over successive generations [3]. (Authors: We included these steps to provide context for the colony formation procedure of hemogenic gastruloid cells. Please let us know whether this approach is appropriate or if you would recommend an alternative.)
2.5.1. Talent loading the cell suspension onto a hemocytometer and counting viable cells.
2.5.2. Talent adding the cell suspension to 3 mL of pre-thawed methyl cellulose medium.
2.5.3. Talent using a 5 mL serological pipette to plate the cells into the wells of 6-well plate.
2.6. At the desired endpoint, dissociate the colonies into a cell suspension by diluting the methyl cellulose medium with PBS, then proceed for downstream characterization, including cytospin preparation [1] and Giemsa Wright staining [2]. (Authors: We included this step to maintain the overall flow of the protocol and would appreciate your suggestions on whether it is appropriate or if an alternative would be preferable.)
2.6.1. Representative shot of talent performing cytospin preparation.
2.6.2. Representative shot of talent performing Giemsa Wright staining.

3. In Silico Temporal Mapping of Candidate Cell of Origin (CoO) via HaemGx and Patient RNA-sequencing
Demonstrator: Click here to enter name of demonstrator(s) 
3.1. Download patient data from the TARGET data repository for pediatric acute myeloid leukemia, or AML (A-M-L) [1]. Download clinical data and ribonucleic acid, or RNA (R-N-A) sequencing data in transcripts per million, or TPM (T-P-M) or normalized counts compatible with gene set enrichment analysis, or GSEA (G-S-E-A) [2]. Select patients for the analysis based on phenotype and clinical annotations [3].
3.1.1. SCREEN: Show the TARGET repository webpage and navigate to the pediatric acute myeloid leukemia dataset download section.
3.1.2. SCREEN: Show downloading of clinical data and ribonucleic acid sequencing transcripts per million files compatible with gene set enrichment analysis.
3.1.3. SCREEN: Show filtering and selecting patients using phenotype and clinical annotation fields.
3.2. Download cell type gene sets in a compatible format for GSEA from the EnrichR (enrich-R) database [1]. Download the PanglaoAugmented 2021 (pahng-LAOW- augmented-twenty twenty one) for cell type gene sets from PanglaoDB (pahng-LAOW-D-B) [2].
3.2.1. SCREEN: Show the Enrichr libraries webpage and the download of compatible gene set files.
3.2.2. SCREEN: Show the PanglaoDB webpage and download the PanglaoAugmented 2021 gene set file.
3.3. Download and install the GSEA software [1]. Prepare the files required for GSEA using a custom gene set as per the template populated in spreadsheets and saved as .txt (dot-T-X-T) files [2]. 
3.3.1. SCREEN: Show the gene set enrichment analysis software download webpage and installation process.
3.3.2. SCREEN: Show the preparation of spreadsheet files for GSEA input using a custom gene set.
3.4. Change the file extensions to. gct (dot-G-C-T) for dataset file containing samples, genes, and expression values [1]. Prepare the. cls (dot-C-L-S) phenotype label file matching the .gct file and containing the phenotype classes to compare [2]. Prepare the .gmt gene set file containing gene set names and corresponding genes [3].
3.4.1. SCREEN: Show a .gct file containing sample names, gene identifiers, and expression values.
3.4.2. SCREEN: Show a .cls file with phenotype labels corresponding to the expression dataset.
3.4.3. SCREEN: Show a .gmt file containing gene set names and associated genes.
3.5. Use Ensembl identifiers when possible to minimize issues caused by duplicated gene symbols [1].
3.5.1. SCREEN: Show gene identifiers in the prepared files with Ensembl identifiers highlighted.
3.6. Upload all prepared files into the GSEA software by selecting Load Data and choosing Method 1 and click on Browse for Files [1].
3.6.1. SCREEN: Show the GSEA software interface and select Load Data > Method 1 > Browse for Files to upload files.
3.7. Select Run GSEA and populate the required fields to compare two phenotype classes [1]. Select the Expression dataset for the file containing counts for the desired samples [2]. Select the Gene set database such as PanglaoAugmented 2021 to compute the gene sets [3].
3.7.1. SCREEN: Show selection of the Run GSEA option in the software interface.
3.7.2. SCREEN: Show selection of the expression dataset file from the input menu.
3.7.3. SCREEN: Show selection of the PanglaoAugmented 2021 gene set database from the available options.
3.8. Set the number of permutations to 1000 or higher for increased statistical resolution [1]. Select the .cls phenotype label file for the comparison of categories [2].
3.8.1. SCREEN: Show the number of permutations field populated with 1000.
3.8.2. SCREEN: Show selection of the .cls phenotype label file.
3.9. Select the appropriate option for Collapse/Remap to gene symbols based on the format of the .gct file [1]. Choose Collapse if multiple identifiers map to the same gene symbol [2]. Choose Remap-only to convert identifiers without collapsing duplicates [3]. Choose No collapse if the identifiers already match the .gmt file [4]. (Authors: Please suggest if this is an optional step. If yes, we will remove this step or retain only whatever is necessary to align with the flow of the protocol.)
3.9.1. SCREEN: Show the Collapse/Remap to gene symbols menu within the software settings.
3.9.2. SCREEN: Show selection of the Collapse option for duplicate gene symbol mapping.
3.9.3. SCREEN: Show selection of the Remap-only option in the settings menu.
3.9.4. SCREEN: Show selection of the No collapse option when identifiers already match the gene set file.
3.10. Select the permutation type as phenotype or gene set depending on the dataset characteristics [1]. Use the gene-set permutation option for RNA sequencing data with limited replicates to minimize phenotypic variability [2]. Use the Chip platform  to select the ID (I-D) type of genes used in the .gct file [3].
3.10.1. SCREEN: Show the permutation type menu with phenotype and gene set options.
3.10.2. SCREEN: Show selection of the gene set permutation option for RNA sequencing data.
3.10.3. SCREEN: Show selection of the chip platform corresponding to the identifier format.
3.11. Populate the basic analysis fields [1]. In the Metric for ranking genes field, choose the options based on the dataset type and classification method [2]. For RNA sequencing data, choose Ratio_of_classes to view absolute fold change between classes or log2_Ratio_of_classes to see relative fold change between classes [3].
3.11.1. SCREEN: Show the populated analysis parameter fields in the software interface.
3.11.2. SCREEN: Show the metric for ranking genes dropdown menu with multiple ranking options.
3.11.3. SCREEN: Show selection of Ratio_of_classes or log2_Ratio_of_classes for ribonucleic acid sequencing analysis.
3.12. Select Run to start the analysis [1]. Monitor the analysis progress in the GSEA reports box [2]. After analysis completion, click on COMPLETE to open the analysis summary and save the full analysis report in the locally specified folder[3].
3.12.1. SCREEN: Show clicking the Run button to initiate the analysis.
3.12.2. SCREEN: Show the GSEA reports box updating with analysis progress.
3.12.3. SCREEN: Show selecting COMPLETE to open the completed analysis summary.
3.13. Open the index.html (index-dot-H-T-M-L) file to retrieve the analysis results and summary [1]. Review the individual gene set enrichment curves generated by the analysis [2]. Select all genes marked as “Yes” in the “core enriched” column for each gene set to extract the leading-edge genes [3].
3.13.1. SCREEN: Show opening the index.html results file from the saved analysis folder.
3.13.2. SCREEN: Show the generated enrichment plots and enrichment curves for individual gene sets.
3.13.3. SCREEN: Show selection of genes marked “Yes” in the “core enriched” column for leading-edge analysis.
Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. 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: 173.
· Please note that the video cannot include voiceover without an accompanying visual.

4. Results 

4.1. MNX1 (M-N-X-one)-overexpressing hemogenic gastruloid cells yield distinct, dense, and scorable hematopoietic colonies [1], easily distinguishable from non-colony cell aggregations [2]. MNX1-overexpressing hemogenic gastruloids show persistent colony-forming ability across multiple serial passages [3] and enhanced self-renewal potential across both early, or 144 hours, and late, or 216 hours, disassembly timepoints [4].
4.1.1. LAB MEDIA: Figure 3F. Video Editor: Please emphasize the cell colonies pointed by the full arrows.
4.1.2. LAB MEDIA: Figure 3F. Video Editor: Please emphasize the cells pointed by the dashed arrows.
4.1.3. LAB MEDIA: Figure 3G. Video Editor: Please emphasize the blue bars and the corresponding X-axis labels PL1, PL2, PL3, PL4, and PL5 sequentially in both graphs.
4.1.4. LAB MEDIA: Figure 3G. Video Editor: Please emphasize the blue bars and the labels “Serial plating 144 h” and “Serial plating 216 h” sequentially in both graphs.

4.2. GSEA analysis of infant AML with the t-seven-twelve mutation patient transcriptomes versus other AML revealed the enrichment of gene sets corresponding to hemato-endothelial signatures like cytotoxic T cells, T helper cells [1], plasma cells [2], natural killer T cells and Nk (N-K) cells [3], and aortic and other endothelial cells [4].
4.2.1. LAB MEDIA: Figure 4C: Video Editor: Please highlight the top box with title “Lymp T” and emphasize the two dark red dots to the right corresponding to labels “T helper cells and T cytotoxic cells.”
4.2.2. LAB MEDIA: Figure 4C: Video Editor: Please highlight the top box with title “Lymph B” and emphasize the dark red dot to the right corresponding to label “Plasma cells.”
4.2.3. LAB MEDIA: Figure 4C: Video Editor: Please highlight the top box with title “Lymph” and emphasize the two dark red dots corresponding to labels “Natural Killer T cells and NK cells.”
4.2.4. LAB MEDIA: Figure 4C: Video Editor: Please highlight the top box with title “Endo” and emphasize the two dark red dots corresponding to labels “Endothelial cells (Aorta) and Endothelial cells.”

4.3. Temporal mapping of bulk RNA-sequencing data from MNX1-overexpressing hemogenic gastruloids showed enrichment for hemato-endothelial clusters 5 and 0 and hematopoietic cluster 4 at 144-hour and 192-hour developmental windows [1]. The 144-hour and 192-hour hemato-endothelial populations matched the enrichment observed in the transcriptome of human T-seven-twelve infant leukemia patients [2]. The UMAP of these enrichments showed statistically significant GSEA results superimposed to the corresponding cluster number and the enriched clusters in MNX1-overexpressing hemogenic gastruloids  and , human T-seven-twelve infant AML [3]. 
4.3.1. LAB MEDIA: Figure 5A. Video editor: Highlight the bubbles corresponding to clusters 5, 0 and 4 in the top comparison panel along with the legends for red and purple squares in the “Identity” column shown below the bubble plot.
4.3.2.  LAB MEDIA: Figure 5A. Video editor: Highlight the bubbles aligned to the 144 hour and 192 hour hemato-endothelial clusters in the middle comparison panel
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