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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
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/files_upload.php?src=21615093

[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

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


Current Protocol Length

Number of Steps:  26
Number of Shots:  37 

Interviews 


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. Easton Blissenbach: Our video will provide a step-by-step, beginner-friendly protocol for utilizing NetDecoder to model information flow in a biological network.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Describe the research contexts or systems in which this protocol can be applied.
1.2.  Easton Blissenbach: This protocol can be applied to transcriptomic data to compare gene network behavior between two biological states, such as control and diseased tissues.
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. 
1.3. Easton Blissenbach: Researchers can use this protocol to uncover network rewiring between two phenotypes of interest. 
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. Easton Blissenbach: While performing this protocol, it is crucial to follow each step carefully, as each subsequent step depends on the successful execution of the previous step. 
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Are there any additional methods or analyses that can be performed following this procedure?
1.5. Easton Blissenbach: Following this procedure, differential information flow can be used to map a utility karyotype, perform pathway overrepresentation, and conduct correlative analyses such as model survival. 
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.




Protocol  
2. Selection of Source Genes
Demonstrator: Easton Blissenbach

2.1. To begin, prepare high-quality bulk gene expression files through preprocessing, filtering, RNA sequencing normalization, and differential expression analysis [1]. Locate outputs of bulk gene expression and upload the .csv (C-S-V) file to RStudio. Choose a set of significant genes as the source genes [2]. For a differential expression-based workflow, choose an adjusted significance threshold and an absolute log2 fold change threshold [3]. Choose thresholds that yield approximately 300 to 1,000 genes for downstream network construction. Save the file as .txt (Dot-T-X-T) [4].
2.1.1. Talent in front of the computer looking at the created gene expression files.
2.1.2. SCREEN: Locate outputs of DESeq2 analysis. Upload the .csv file to RStudio and select significant genes as source genes.
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/files_upload.php?src=21615093

2.1.3. SCREEN: An adjusted significance threshold greater than 0.05 and an absolute log2 fold change threshold greater than 0.5 being entered for the differential expression-based workflow.
2.1.4. SCREEN: Significance thresholds are being applied to obtain approximately 300 to 1,000 genes. Save the file as .txt.

3. Construction of an Edge Weighted Network (EWN) for Each Phenotype
3.1. Open the NetDecoder Edge Weighted Network or EWN (E-W-N) script in an R-development platform [1].
3.1.1. SCREEN: The NetDecoder_Create_EWN.R script being located and opened in an R-development platform.
3.2. Download a protein-protein interaction network formatted as an edge list [1].
3.2.1. SCREEN: The protein-protein interaction network is being downloaded.
3.3. Edit the working directory path [1], the normalized expression matrix file [2], and the sample metadata of the script to set user-specific paths and input or output files for EWN development [3].
3.3.1. SCREEN: The working directory path is being entered in the path field.
3.3.2. SCREEN: The normalized expression matrix R data object being specified for expQuery.
3.3.3. SCREEN: The sample metadata file being specified for stQuery; the output file is renamed for user-specific data.
3.4. Filter the expression matrix to retain only the genes present in the protein-protein interaction network [1].
3.4.1. SCREEN: The expression matrix is being filtered against the genes in the protein-protein interaction network.
3.5. For each condition, subset the samples according to the phenotype [1]. Using the processed normalized expression matrix, calculate the Pearson gene-gene correlation across every edge defined in the protein-protein interaction network [2].
3.5.1. SCREEN: Subset samples and correlated gene counts are shown according to the phenotype for each condition.
3.5.2. SCREEN: Number of edges where Pearson gene-gene correlations are calculated across the protein-protein interaction network is shown, compared to the total number of edges represented by expression data.
3.6. For each gene pair, calculate the correlation coefficient and the absolute correlation [1], and determine the associated significance [2].
3.6.1. SCREEN: The correlation coefficient and the absolute correlation being calculated for each gene pair.
3.6.2. SCREEN: The associated significance being calculated for each gene pair.
3.7. Remove all incomplete cases, including entries containing unavailable values [1].
3.7.1. SCREEN: The total amount of edges for each condition are shown, as well as how many are removed/retained after filtering.
3.8. Export 1 EWN for each condition as a tab-delimited file [1]. Arrange the columns as proteinA, proteinB, abs_cor (Absolute correlation), cor (Correlation), and pvalue [2].
3.8.1. SCREEN: An EWN for each condition being exported as a tab-delimited file without a header.
3.8.2. SCREEN: The output columns being arranged as proteinA, proteinB, abs_cor, cor, and pvalue. Example output is shown.
3.9. Then, execute the R script to create the co-expression networks for all relevant conditions [1].
3.9.1. SCREEN: The R script being executed. The co-expression networks being created for all relevant conditions.

4. Installation and Configuration of NetDecoder
4.1. Access the NetDecoder website [1] and choose either the R or Java version of the software to download [2].
4.1.1. SCREEN: The NetDecoder website is being accessed on a computer.
4.1.2. SCREEN: The NetDecoder webpage being opened. The R version or the Java version being selected for download.
4.2. Install the Oracle Java Development Kit and R in the working and analysis environment [1]. Then install the R packages required for NetDecoder as listed in the NetDecoder documentation using Bioconductor [2].
4.2.1. SCREEN: The Oracle Java Development Kit and R being installed in the working environment. The Java files are downloaded from the GitHub page.
4.2.2. SCREEN: Bioconductor being accessed. The required R packages listed in the NetDecoder documentation being installed.
4.3. Download the required NetDecoder dependencies, including the gene ontology data and the gene association reference guide [1].
4.3.1. SCREEN: The gene ontology data being downloaded from the Gene Ontology website. The gene association reference guide is being downloaded from the European Bioinformatics Institute website.
4.4. Create a folder to be used as the NetDecoder working directory. [1]. Move the expression data, the generated co-expression networks for each condition, the gene ontology data, and the gene association reference guide into this folder [2].
4.4.1. SCREEN: A folder being created as the designated NetDecoder working directory.
4.4.2. SCREEN: The downloaded files being moved into a single folder.
4.5. Download the NetDecoder example folder to the NetDecoder working directory [1]. Then, unzip the downloaded NetDecoder folder [2].
4.5.1. SCREEN: The NetDecoder example folder being downloaded to the NetDecoder working directory.
4.5.2. SCREEN: The downloaded NetDecoder folder being extracted.

5. Running NetDecoder
5.1. Open a terminal running GNU (G-N-U) Bash and navigate to the NetDecoder working directory [1]. Then, run the command to open the analysis bash script [2].
5.1.1. SCREEN: GNU Bash terminal is being opened and the NetDecoder working directory is being located.
5.1.2. SCREEN: The command is being typed and executed. The analysis bash script being opened.
5.2. Edit myshortname (My-short-name) variable to define the conditions being compared [1].
5.2.1. SCREEN: The myshortname variable is being edited to define the conditions being compared.
5.3. Edit the JAVA, R, and alias R path definitions to specify the correct software installation paths [1]. Edit the input directory variable to specify the NetDecoder working directory containing all required files [2]. 
5.3.1. SCREEN: The JAVA, R, and alias R path definitions are being updated with the correct installation paths.
5.3.2. SCREEN: The INPUT_DIR variable is being edited to specify the NetDecoder working directory.
5.4. Then, edit the library directory variable to specify the path to the NetDecoder library extracted from the downloaded zip file [1]. 
5.4.1. SCREEN: The LIB_DIR variable is being edited to specify the NetDecoder library path.
5.5. Edit the SYMBOL and GO (G-O) directory definitions to specify the locations of the preferred gene association file and gene ontology file [1].
5.5.1. SCREEN: The SYMBOL and GO directory definitions are being updated with the preferred gene association file and gene ontology file locations.
5.6. Edit the geneList, state_trt (State-T-R-T), state_ref (State_reference), PPI_trt (P-P-I-T-R-T), and PPI_ref (P-P-I-Reference) variables with the appropriate input files and condition names [2].
5.6.1. SCREEN: The geneList, state_trt, state_ref, PPI_trt, and PPI_ref variables being updated with the appropriate input files and condition names.
5.7. Uncomment the desired execution stage [1]. Begin execution with the gen_net_trt stage, then sequentially execute the gen_net_ref, analysis, and collect stages, re-adding the number sign after completing each stage. [2].
5.7.1. SCREEN: The desired execution stage is being uncommented by removing the pound sign.
5.7.2. SCREEN: The execution stage is being changed sequentially from gen_net_trt to gen_net_ref, then analysis, and finally collect, with the pound sign being restored after each completed stage.
5.8. Press Ctrl+X and then Y to save the script and exit the text editor [1].
5.8.1. SCREEN: Ctrl+X being pressed. Y being pressed to save the script and exit the editor.
5.9. Navigate to the terminal and run NetDecoder_Analysis. If the script runs successfully, observe the logging messages displayed in the terminal [1].
5.9.1. SCREEN: ./NetDecoder_Analysis.sh command is being executed. Logging messages appear in the terminal as the script executes.
5.10. Execute each stage individually in the required sequence, beginning with gen_net_trt, followed by gen_net_ref, then analysis, and finally collect [1].
5.10.1. SCREEN: The execution stages being run sequentially as gen_net_trt, gen_net_ref, analysis, and collect.
5.11. Navigate to the output directory and retrieve the generated output files and graphical summaries [1].
5.11.1. SCREEN: The output directory is being opened. The generated output files and graphical summaries are being accessed.










Results
6. Results 

6.1. The three heatmaps summarized the overall changes in network information flow between conditions, including router genes that transmitted substantial information flow within the network [1], important downstream target genes [2], and highly impacted overall genes [3].
6.1.1. LAB MEDIA: Figure 4B. Video editor: Highlight the heatmap titled 'Network routers'.
6.1.2. LAB MEDIA: Figure 4C. Video editor: Highlight the heatmap titled 'Key targets'.
6.1.3. LAB MEDIA: Figure 4A. Video editor: Highlight the top heatmap showing the overall impacted genes.
6.2. Edge flow captured interaction-level changes in information transfer [1], whereas differential flow provided a node-level summary of these changes, enabling prioritization of genes with the greatest overall shift in network influence [2].
6.2.1. LAB MEDIA: Figure 4E. Video editor: Highlight the edge-level bar plot.
6.2.2. LAB MEDIA: Figure 4D. 
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