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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  
If Yes, can you record movies/images using your own microscope camera?
NA  
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.
NA
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.).
NA
2. 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
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?   No
If Yes, how far apart are the locations? NA

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:  18
Number of Shots:  29 

Interviews 
1. Video 1: Author Spotlight: Title (Filled by scriptwriter during script finalization)


Videographer: Obtain headshots for all authors. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 50 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Charles Ishak: Our research explores contributions of repetitive DNA towards cancer initiation. Specifically, we ask:
1.1.1. Does misregulation of repetitive DNA directly contribute towards cancer initiation
1.1.2. If so, can we exploit this knowledge to improve patient outcomes
1.2. Junwoo Lee: My major research goal is to identify epigenetic factors and mechanisms which regulate various biological processes, especially cancer development. More specifically, I’m interested in elucidating epigenetic mechanisms in dsRNA/DNA mediated viral mimicry evasion and the viral mimicry evasion driven pre-cancer initiation/development in ovarian cancer using mouse model.

What are the most recent developments in your field of research?
1.3. Charles Ishak: Recent developments in the field include discoveries regarding how epigenetic mechanisms are used to transcriptionally silence the expression of repetitive DNA elements. These discoveries allow researchers to identify drugs that can disrupt these epigenetic mechanisms to facilitate acute expression of repetitive elements.
1.4. Junwoo Lee: Various next-generation sequencing methods and analysis pipelines have been established together to observe the changes in various epigenetics features, such as transcription, localization of proteins and post-translational modifications on chromatin, and sequences of nucleic acids bound by sensor proteins in both bulk and single cell resolutions.
What technologies are currently used to advance research in your field?
1.5. Charles Ishak: Technologies that can map positions of modified histones or transcription factor occupancy on chromatin are the major technologies that are currently used to advance this field. Importantly, low input adaptations of these techniques called CUT&RUN and CUT&Tag are experiencing wide-spread adoption since their recent development.
1.6. Junwoo Lee: CUT&RUN and CUT&Tag are used to capture the localization of proteins and post-translational modifications on chromatin. RIP-seq and CLIP-seq are used to identify the RNAs targeted by proteins of interest. Total RNA-seq is widely used to observe transcriptional changes at both genes and repeat elements.
What are the current experimental challenges?
1.7. Charles Ishak: Current wet lab experimental challenges for CUT&RUN and CUT&Tag include identifying antibodies that are reliable and compatible with these techniques. Dry lab challenges include the development of simple computational analysis pipelines that enable analysis by experimentalists with any level of bioinformatics experience.
1.8. Junwoo Lee: One of the major experimental challenges is to setup CUT&RUN sample and library preparation protocols for various targets. Another one is to reduce technical errors in spike-in control usage for CUT&RUN and RNA-seq. Furthermore, reducing the effects of clonal differences in the response against treatment is the other experimental challenges.

What significant findings have you established in your field?
1.9. Charles Ishak: In this field, our research has established that inactivation of canonical tumor suppressor functions disrupts transcriptional silencing of repetitive elements. Importantly, this discovery provides an initial mechanistic basis for early dysregulation of repetitive elements during cancer initiation.
1.10. Junwoo Lee: My previous works had been focused on identifying the importance of chromatin remodelers in various transcription regulatory processes. I found that Fun30 promotes transcription elongation by nucleosome disassembly at gene body regions in fission yeast. And I addressed the role of SWI/SNF as enhancer activity regulator during early mESC differentiation.

What research gap are you addressing with your protocol?
1.11. Charles Ishak: This protocol addresses a major unmet need in the field to enable wet lab experimentalists to easily analyze their own CUT&RUN data using a simple but comprehensive analysis pipeline that can be used by user’s minimal bioinformatics experience.
1.12. Junwoo Lee: Our Easy Shells CUTnRUN tool enhances validation steps for sequencing reads quality, reproducibility and peak calling methods using various bioinformatics methods. In addition, our tool provides normalization method which considers both spike-in and negative control together and enhanced visualization methods which can provide well focused signal enrichment at peak center.

What advantage does your protocol offer compared to other techniques?
1.13. Charles Ishak: Relative to other protocols, this protocol offers the advantage of being written entirely in a simple bash script to allow users to thoroughly understand all steps without the need for proficiency in multiple coding languages. Second, this protocol is segregated into multiple small scripts to facilitate easy script customization.
1.14. Junwoo Lee: Publicly available CUT&RUN analysis tools are relatively complex for bioinformatics beginners who want to understand the detailed flow of the analysis and practice bioinformatics program development. Our pipeline provides step-by-step scripts in single program language which can be used as both publication quality data creation and experience bioinformatics programming.
How will your findings advance research in your field?
1.15. Charles Ishak: Our findings will reveal the precise epigenetic mechanisms that are disrupted following inactivation of tumor suppressors that enable expression of repetitive elements during cancer initiation.
1.16. Junwoo Lee: My previous finding addressed that chromatin remodeler can promote transcription elongation by its nucleosome disassembly activity in vivo. In addition, other findings showed that chromatin remodeler can regulate the transcription factor binding at both inter- and intra-nucleosomal DNA sites on chromatin at enhancers during early differentiation.
What new scientific questions have your results paved the way for?
1.17. Charles Ishak: Our results are paving the way for new scientific questions about how conserved these mechanisms are across multiple tumor types.
1.18. Junwoo Lee: Recently, my major question is ‘what are major determinants and molecular mechanisms in chronic dsRNA exposure mediated viral mimicry evasion’. To address this, I’m working on establishing analysis pipelines to identify the most curated target genes from genome-wide CRISPR screening and RNA-seq results, and the importance of repeat elements.
What research questions will your laboratory focus on in the future?
1.19. Charles Ishak: Our lab will explore how we can exploit epigenetic mechanisms of repetitive element silencing to treat early stage cancers.
1.20. Junwoo Lee: Our lab will keep focusing on ‘how chronic dsRNA exposure can induce viral mimicry evasion and immunotherapy resistant cancer development’, ‘how TP53 involves in the chronic dsRNA expression and the viral mimicry evasion’ and ‘how to cure immunotherapy resistant cancer cells by targeting the major factors in viral mimicry evasion’.

Videographer: Obtain headshots for all authors.

Protocol Videos 
Each video will include a section of your protocol and accompanying results, if applicable. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration. Professional voiceover artists will narrate the video. 
· Red and italics are pronunciation guides (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 from that step in advance.
Protocol:
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Representative Results: 
· The three-digit numbers (e.g., 2.3.1., 2.3.2.) are the figures/tables from your manuscript. These will not be recorded by the videographer.
· Please review the result section to make sure it logically follows the video.
· Please note that the video cannot include voiceover without an accompanying visual.

2. Video 2: Detecting Protein-DNA Interactions Using CUT&RUN Analysis
Demonstrator: Click here to enter name of demonstrator(s)
Protocol
2.1. To begin, download the compressed analysis pipeline from GitHub (Git-Hub) by typing the command in the terminal [1].  
2.1.1. WIDE: Talent entering the command into the terminal.  TXT: wget https://github.com/JunwooLee89/Easy-Shells_CUTnRUN/archive/refs/heads/main.zip -O Easy-Shells_CUTnRUN.zip 
Videographer: Please take a still image of talent performing this action. Make sure that it is at least a half-body shot with the talent's face visible and zoom out so we have room for cropping. 

2.2. After downloading, enter the command to decompress the zip file [1]. Once the decompression is complete, remove the zip file [2].  
2.2.1. SCREEN: typing the unzip command into the terminal and executing it.  
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=20544543 
2.2.2. SCREEN:  Entering the `rm` command to delete the compressed file.  

2.3. Then, set executable permissions for all the shell scripts in the working directory [1]. After setting permissions, execute the shell scripts by either typing their path and name directly into the terminal or by dragging them into the terminal window [2].  
2.3.1. SCREEN: Setting executable permissions for all the shell scripts. 
2.3.2. SCREEN:  Typing/ dragging shell script path into the terminal and executing it.  

2.4. From the available options, locate the appropriate installation shell script. Look for a script named `Script_01_installation_***.sh (Script-0-1-installation-S-h ) [1].  
2.4.1. SCREEN: Display and selection of the `script` directory with multiple installation shell scripts visible.

Downloading the Publicly Available CUT&RUN Dataset from Sequence Read Archive (SRA)

2.5. Open the terminal and type `echo $SHELL (Echo-Dollar-Shell) to check the default shell used in the active terminal [1-TXT]. If Bash is not the default shell, set it by typing `chsh -s $(which bash) (C-H-S-H-S-Dollar-Which-Bash) in the terminal [2-TXT].  
2.5.1. SCREEN: Opening the terminal and typing `echo $SHELL`.   TXT: For default bash Shell a message such as `/path/to/bash` or `/bin/bash will be displayed
2.5.2. SCREEN: Typing the `chsh` command and pressing enter.  TXT: If the terminal already uses Bash by default, skip this step 

2.6. Type the FASTQ (Fast-Q) download script in the terminal or drag the script file into the terminal and press enter [1].  
2.6.1. SCREEN: Typing/dragging the download script into the terminal and executing it.  

2.7. After running the script, check the log file for error messages [1-TXT].
2.7.1. SCREEN: Log file opened in a text editor displaying error messages or successful execution logs.  TXT: In case of any errors, troubleshoot and repeat the previous step; Ask for help in Easy Shells CUTnRUN github issues webpage 

2.8. Now, enter the trimming script in the terminal and execute it [1].  
2.8.1. SCREEN: Running the trimming script into the terminal .  

2.9. Next, type the Bowtie2 (Bow-Tie-Two) index creation script in the terminal and execute it [1]. Finally, run the Bowtie2 mapping script and press enter [2].  
2.9.1. SCREEN: Executing the Bowtie2 index script by typing the path in the terminal.  
2.9.2. SCREEN: Running the Bowtie2 mapping script .

2.10. Type the BAM (Bam) filtering and sorting script in the terminal and execute it [1].  
2.10.1. SCREEN: Typing or dragging the filtering and sorting script into the terminal and executing it.  

2.11. Next, convert BAM to BEDPE (B-E-D-P-E), BED (B-E-D), and bedGraph (Bed-Graph) formats by typing the appropriate command in the terminal and pressing enter [1].  
2.11.1. SCREEN: Executing the conversion script by dragging it into the terminal and pressing enter.  

2.12. Perform normalization using the SRPMC (S-R-P-M-C) method [1]. Then, run the insert size analysis script [2].  
2.12.1. SCREEN: Running the SRPMC normalization script command into the terminal.  
2.12.2. SCREEN: Typing or dragging the insert size analysis script into the terminal and executing it.  

2.13. Perform peak calling using the MACS (Macs) command in the terminal [1].  Afterward, type the command for peak calling using SEACR (S-E-A-C-R)  and press enter [2].  
2.13.1. SCREEN: Executing the MACS peak calling script in the terminal.  
2.13.2. SCREEN: Running the SEACR peak calling script in the terminal.

2.14. Create peak BED files by using the appropriate command in the terminal [1] and then filter the peaks [2].  
2.14.1. SCREEN: Running the peak BED creation script into the terminal. 
2.14.2. SCREEN: Executing the peak filtering script .  

2.15. Next, enter the command to Merge MACS peaks [1]. Type the command in the terminal to merge SEACR peaks [2]. 
2.15.1. SCREEN: Running the MACS peak merging script 
2.15.2. SCREEN: Executing the SEACR peak merging script by typing the command or dragging the file into the terminal.  

2.16. Generate a correlation plot [1] and run the command for Principal Component Analysis in the terminal [2].  
2.16.1. SCREEN: Output plot showing the correlation between different samples.  
2.16.2. SCREEN: Display of the PCA plot with labeled sample clusters.  

2.17. Then, create a Venn diagram comparing different methods using the appropriate command [1].  Enter the command to generate a Venn diagram for replicates [2]. 
2.17.1. SCREEN: Venn diagram comparing peaks identified by different methods.  
2.17.2. SCREEN: Venn diagram showing overlap among replicates.

2.18. Finally, generate a focused heatmap by typing the command in the terminal [1]. Then, generate a whole-genome heatmap [2].
2.18.1. SCREEN: Display of the focused heatmap showing specific regions of interest.  
2.18.2. SCREEN: Display of the whole-genome heatmap with labeled axes and sample annotations.
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