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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: 16
Number of Shots: 20

Introduction
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.
· Answer up to 2 introduction and up to 3 conclusion 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.
· Answer in full sentences, the questions will not be displayed in the video. 
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

INTRODUCTION:

What is the scope of your research? What questions are you trying 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.

What are the most recent developments in your field of research?
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.
What technologies are currently used to advance research in your field?
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.
What are the current experimental challenges?
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.

CONCLUSION:

What significant findings have you established in your field?
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.

What research gap are you addressing with your protocol?
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.

What advantage does your protocol offer compared to other techniques?
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.
How will your findings advance research in your field?
1.8. 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.
What new scientific questions have your results paved the way for?
1.9. 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.
What questions will future research focus on?
1.10. 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.


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. 

2. Enhancer Transcript Quantification Pipeline
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, open the terminal [1] and type bash Step12_E_identification_material.sh > Step12_log.txt 2>&1 (bash-step-twelve-underscore-E-underscore-identification-underscore-material-dot-S-H-greater-than-step-twelve-underscore-log-dot-T-X-T-two -greater-than-ampersand-one) to prepare the necessary files and references for enhancer identification [2].
2.1.1. WIDE: Talent in front of the computer opening the terminal.
2.1.2. SCREEN: Talent typing the command bash Step12_E_identification_material.sh > Step12_log.txt 2>&1 into a terminal window.
2.2. Type cd 01.E_identification/ (c-d-zero-one-dot-E-underscore-identification-slash) in the terminal to enter the working directory [1]. Then, type the script to copy the enhancer-identification scripts into the current directory [2].
2.2.1. SCREEN: Talent typing the command cd 01.E_identification/ in the terminal and pressing enter.
2.2.2. SCREEN: Talent entering the copy command and confirming that files are copied into the working directory. TXT: cp ../scripts/Step{13..20}_*.sh ./
2.3. Then enter the command bash Step13_promoter_candidates_genebody_identification.sh > Step13_log.txt 2>&1 (bash-step-thirteen-underscore-promoter-underscore-candidates -underscore-genebody-underscore-identification-dot-S-H-greater-than-step-thirteen-underscore-log-dot-T-X-T-two-greater-than-ampersand-one) in the terminal to generate BED (B-E-D) files for promoter regions, gene bodies, and protein-coding genes using GENCODE (Gen-Code) annotation [1].
2.3.1. SCREEN: Talent running the script bash Step13_promoter_candidates_genebody_identification.sh > Step13_log.txt 2>&1 in the terminal window.

2.4. To preprocess ATAC-seq and histone ChIP-seq peak files for enhancer identification, type bash Step14_ATAC_ChIP-seq_processing.sh > Step14_log.txt 2>&1 (bash-step fourteen-underscore-A-T-A-C-underscore-chip-seq-underscore-processing-dot-S-H-greater-than-step-fourteen-underscore-log-dot-T-X-T-two-greater-than-ampersand-one) in the terminal [1].
2.4.1. SCREEN: Talent executing the command bash Step14_ATAC_ChIP-seq_processing.sh > Step14_log.txt 2>&1 in the terminal.

2.5. Next, type bash Step15_inter_intragenic_E_sets_identification.sh > Step15_log.txt 2>&1 (bash-step-fifteen-underscore-inter-underscore-intragenic-underscore-E-underscore-sets-underscore-identification-dot-S-H-greater-than-step-fifteen-underscore-log-dot-T -X-T-two-greater-than-ampersand-one) to define and classify enhancers using chromatin peak data [1].
2.5.1. SCREEN: Talent typing and executing bash Step15_inter_intragenic_E_sets_identification.sh > Step15_log.txt 2>&1 in the terminal.

2.6. Enter bash Step16_assign_temp_strand_from_gene_overlap.sh > Step16_log.txt 2>&1 (bash-step-sixteen-underscore-assign-underscore-temp-underscore-strand-underscore-from-underscore-gene-underscore-overlap-dot-S-H-greater-than-step-sixteen -underscore-log-dot-T-X-T-two-greater-than-ampersand-one) in the terminal to assign temporary strand information to the intragenic-enhancer BED file [1].
2.6.1. SCREEN: Talent typing and running the command bash Step16_assign_temp_strand_from_gene_overlap.sh > Step16_log.txt 2>&1 in the terminal.
2.7. Then, Type bash Step17_initial_strand_assignment_for_both_strand_enhancers_PCG_based.sh > Step17_log.txt 2>&1 (bash-step-seventeen-underscore-initial-underscore-strand-underscore-assignment-underscore-for-underscore-both-underscore-strand-underscore-enhancers-underscore-P-C-G-underscore-based-dot-S-H-greater-than-step-seventeen-underscore-log-dot-T-X-T-two-greater-than-ampersand-one) in the terminal to resolve strand direction for intragenic enhancers overlapping genes on both strands [1].
2.7.1. SCREEN: Talent executing the command bash Step17_initial_strand_assignment_for_both_strand_enhancers_PCG_based.sh > Step17_log.txt 2>&1 in the terminal.

2.8. Afterward, type bash Step18_RPKM_cal_from_partially_strand_assigned_enhancers.sh > Step18_log.txt 2>&1 (bash-step-eighteen-underscore-R-P-K-M-underscore-cal-underscore-from-underscore-partially-underscore-strand-underscore-assigne-underscor-enhancers-dot-S-H-greater-than-step-eighteen-underscore-log-dot-T-X-T -two-greater-than-ampersand-one) to calculate strand-specific RPKM for genes overlapping enhancers on the same strand [1].
2.8.1. SCREEN: Talent entering and executing the command bash Step18_RPKM_cal_from_partially_strand_assigned_enhancers.sh > Step18_log.txt 2>&1 in the terminal.

2.9. To finalize strand assignment for intragenic enhancers, type bash Step19_second_strand_assignment_by_RPKM.sh > Step19_log.txt 2>&1 (bash-step-nineteen-underscore-second-underscore-strand-underscore-assignment-underscore-by-underscore-R-P-K-M-dot-S-H-greater-than-step-nineteen-underscore-log-dot-T-X-T-two-greater-than-ampersand-one) [1].
2.9.1. SCREEN: Talent running the command bash Step19_second_strand_assignment_by_RPKM.sh > Step19_log.txt 2>&1 in the terminal window.

2.10. Then, type bash Step20_strand_assignment_for_intragenicE_and_summits.sh > Step20_log.txt 2>&1 (bash-step-twenty-underscore-strand-underscore-assignment -underscore-for-underscore-intragenic-E-underscore-and-underscore-summits-dot-S-H-greater-than-step-twenty-underscore-log-dot-T-X-T-two-greater-than-ampersand=one) in the terminal to assign the final strand information to all intragenic enhancers and their corresponding summits [1].
2.10.1. SCREEN: Talent typing and running bash Step20_strand_assignment_for_intragenicE_and_summits.sh > Step20_log.txt 2>&1 in the terminal.

2.11. Enter the command to move to the pipeline root directory [1]. Then, type cp scripts/Step21_preparing_quantification_and_visualization.sh ./ (c-p-scripts-slas-step-twenty-one-underscore-preparing-underscore-quantification-underscore-and-underscore-visualization-dot-S-H-dot-slash) to copy the script for preparing downstream analysis [2].
2.11.1. SCREEN: Talent navigating back to the root directory using either cd ../ or cd ~/Enhancer-transcript-identification-from-read-to-visualization.
2.11.2. SCREEN: Talent copying the script by entering cp scripts/Step21_preparing_quantification_and_visualization.sh ./ into the terminal.

2.12. In the terminal type bash Step21_preparing_quantification_and_visualization.sh > Step21_log.txt 2>&1 (bash-step-twenty-one-underscore-preparing-underscore-quantification- underscore-and-underscore-visualization-dot-S-H-greater-than-step-twenty-one-underscore-log-dot-T-X-T-two-greater-than-ampersand-one) to prepare all necessary files for enhancer aggregation, GRO-seq signal processing, and enhancer RNA quantification [1].
2.12.1.  SCREEN: Talent executing the command bash Step21_preparing_quantification_and_visualization.sh > Step21_log.txt 2>&1 in the terminal window.
2.13. Type cd 02.E_visualization_quantification/ (c-d-zero-two-dot-E-underscore-visualization-underscore-quantification-slash) to enter the working directory [1]. Then, type the command to copy the necessary scripts for downstream analysis [2-TXT].
2.13.1. SCREEN: Talent typing cd 02.E_visualization_quantification/ and pressing enter.
2.13.2. SCREEN: Talent copying the scripts by entering the command into the terminal. TXT: cp ../scripts/Step{22..24}_. ./ 

2.14. To generate aggregation plots of chromatin signals around each type of enhancer summit type bash Step22_generation_of_aggregation_plot.sh > Step22_log.txt 2>&1 (bash-step-twenty-two-underscore-generation-underscore-of-underscore-aggregation-underscore-plot-dot-S-H-greater-than-step-twenty-two-underscore-log-dot-T-X-T-two-greater-than-ampersand-one) in the terminal [1].
2.14.1. SCREEN: Talent executing bash Step22_generation_of_aggregation_plot.sh > Step22_log.txt 2>&1 in the terminal.

2.15. Afterward, type bash Step23_quantifing_eRNA_RPKM.sh > Step23_log.txt 2>&1 (bash-step-twenty-three-underscore-quantifying-underscore-e-R-N-A-underscore-R-P-K-M-dot-S-H-greater-than-step-twenty-three-underscore-log-dot-T-X-T-two-greater-than-ampersand-one) to quantify enhancer RNA expression levels from GRO-seq using featureCounts [1].
2.15.1. SCREEN: Talent typing and running bash Step23_quantifing_eRNA_RPKM.sh > Step23_log.txt 2>&1 in the terminal.

2.16. Finally, type Rscript Step24_visualization_of_enhancer_transcript.R > Step24_log.txt 2>&1 (R-script-step-twenty-four-underscore-visualization-underscore-of-underscore-enhancer-underscore-transcript-dot-R-greater-than-step-twenty-four-underscore-log-dot-T-X-T-two-greater-than-ampersand-one) in the terminal to visualize and compare enhancer RNA expression levels across enhancer groups using R [1].
2.16.1. SCREEN: Talent executing Rscript Step24_visualization_of_enhancer_transcript.R > Step24_log.txt 2>&1 in the terminal.



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: 210.
· Please note that the video cannot include voiceover without an accompanying visual.

3. Results 

3.1. In the GRO-seq dataset, poly(A) (poly-A) and poly(G) (Poly-G) tails were present before trimming and successfully removed after applying the trimming parameters [1]. In paired-end ATAC-seq datasets, Nextera adapter sequences were detected in both read pairs before trimming and were effectively removed after preprocessing [2].
3.1.1. LAB MEDIA: Figure 2A and 3A. Video editor: Highlight the “After” plot.
3.1.2. LAB MEDIA: Figure 2B and 3B. Video editor: Highlight the even quality scores in both reads after trimming in the “After” plots.

3.2. ChIP-seq datasets for H3K27ac (H-Three-K-twenty-Seven-A-C) showed minimal adapter contamination, requiring only quality filtering without adapter trimming [1].
3.2.1. LAB MEDIA: Figure 2C and 3C. Video editor: Show both “Before” and “After” quality score plots for Read1 and Read2.

3.3. Filtering of ATAC-seq data yielded 71,165 non-promoter open chromatin regions, which included 47,317 enhancer regions [1], of which 23,147 were classified as active enhancers and 24,170 as non-active enhancers based on overlap with histone marks [2].
3.3.1. LAB MEDIA: Figure 4A. Video editor: Highlight the green outer circle labeled “All Enhancer” within the large circle of “Non-promoter Open Chromatin Regions”.
3.3.2. LAB MEDIA: Figure 4A. Video editor: Highlight the yellow circle labeled “Non-active Enhancer” and red circle labeled “Active Enhancer” nested inside the green “All Enhancer” circle.

3.4. Among all enhancer regions, 45.2% were intergenic and 54.8% were intragenic [1]. This distribution was similar across non-active [2] and active enhancer categories [3].
3.4.1. LAB MEDIA: Figure 4B (top). Video editor: Highlight the pie chart showing the 45.2% intergenic and 54.8% intragenic split for “All Enhancers”.
3.4.2. LAB MEDIA: Figure 4B (bottom left). Video editor: Highlight the pie chart showing the 45.5% intergenic and 54.5% intragenic split for “Non-active Enhancers”.
3.4.3. LAB MEDIA: Figure 4B (bottom right). Video editor: Highlight the pie chart showing the 45.0% intergenic and 55.0% intragenic split for “Active Enhancers”.

3.5. An intergenic enhancer upstream of the Nanog gene showed strong enrichment for ATAC-seq, H3K4me1 (H-Three-K-Four-M-E-One), H3K27ac (H-Three-K-twenty-Seven-A-C), and GRO-seq signals [1].
3.5.1. LAB MEDIA: Figure 5A. Video editor: Highlight the boxed region labeled “Active Enhancer” and show the aligned peaks in the ATAC-seq, H3K27ac, H3K4me1, and GRO-seq tracks.

3.6. An intragenic enhancer near the Chd2 (C-H-D-Two) gene displayed similar chromatin and transcriptional features as the intergenic enhancer, with clear signals in all four datasets [1].
3.6.1. LAB MEDIA: Figure 5B. Video editor: Highlight the “Active Enhancer” region within the Chd2 gene and show aligned peaks in the ATAC-seq, H3K27ac, H3K4me1, and GRO-seq tracks.

3.7. Aggregation plots showed that active enhancers had coordinated enrichment of ATAC-seq, H3K4me1, and H3K27ac signals [1], while non-active enhancers lacked H3K27ac enrichment but retained strong ATAC-seq and H3K4me1 signals [2].
3.7.1. LAB MEDIA: Figure 5C (right column). Video editor: Highlight the peaks in all three tracks (ATAC, H3K4me1, H3K27ac) in the “Active” panel for both intergenic and intragenic enhancers.
3.7.2. LAB MEDIA: Figure 5C (center column). Video editor: Highlight the missing H3K27ac signal in the “Non-active” panels while showing retention of ATAC and H3K4me1 peaks.

3.8. GRO-seq data showed that active enhancers exhibited significantly higher transcriptional activity than non-active enhancers in both intergenic [1] and intragenic categories [2].
3.8.1. LAB MEDIA: Figure 6A (left). Video editor: Highlight the higher GRO-seq signal distribution for “active E” compared to “non-active E” in the intergenic enhancer violin plot.
3.8.2. LAB MEDIA: Figure 6A (right). Video editor: Highlight the higher GRO-seq signal distribution for “active E” compared to “non-active E” in the intragenic enhancer violin plot.
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