

[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 71449
Scriptwriter Name: Kathyayani Sridharan
Project Page Link: https://review.jove.com/account/file-uploader?src=21791993

Title: Genome Editing in Primary Mammalian Cells via Electroporation of Editor RNA

Authors and Affiliations: 
Maria Viskadourou¹, J. Noah Workman¹, Emma V. Burke¹, D. Mark Eckley¹, Johannes Dohr¹, Gregory Newby¹⁻5

¹Department of Genetic Medicine, Johns Hopkins University School of Medicine
²Department of Biomedical Engineering, Johns Hopkins University School of Medicine
³Department of Molecular Biology and Genetics, Johns Hopkins University School of Medicine 
⁴Department of Pediatrics, Johns Hopkins University School of Medicine
⁵Institute for NanoBioTechnology, Johns Hopkins University


☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]
Gregory Newby 				gnewby1@jh.edu

Email Addresses for All Authors: 

Maria Viskadourou				mviskad1@jhmi.edu
J. Noah Workman				jworkma7@jhmi.edu
Emma V. Burke				eburke19@jh.edu
D. Mark Eckley				meckley1@jh.edu
Johannes Dohr				jdohr2@jh.edu
Gregory Newby 				gnewby1@jh.edu




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: 20
Number of Shots: 49 

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.


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. Editor RNA Electroporation into Primary Cells
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, prepare high-quality editor messenger RNA, or mRNA (m-R-N-A) via in vitro transcription from a uniform double-stranded DNA (D-N-A) PCR (P-C-R) template containing a T7 (T-seven) promoter and 120-nucleotide polyA (poly-A) tail [1]. Use computational tools to design target-specific guide RNA, or gRNA (G-R-N-A), with favorable on-target potency and minimal off-target activity [2] and obtain the chemically modified synthetic gRNAs [3]. Concurrently, wash the cells with Dulbecco’s phosphate-buffered saline, or DPBS (D-P-B-S) to remove serum and RNases [4]. Resuspend the cells in cold electroporation buffer at a density of 200 thousand cells in 5 microliters per reaction, maintaining them in specialized cuvettes on ice prior to electroporation [5]. (Authors: These steps were included to establish a clear introductory context for the video. Please let us know if this meets your requirements or if you would recommend an alternative approach.)
2.1.1. WIDE: Talent assembling the reaction tubes and components for IVT reaction. Videographer: Please obtain CU shot as well for this shot.
2.1.2. Representative shot of talent designing the guide RNA using specific software tool (Authors: Please specify the name of software tool that will be used for gRNA design during filming?)
2.1.3. Talent placing the gRNA aliquot on ice.
2.1.4. Talent placing the cell-containing tube in centrifuge.
2.1.5. Talent resuspending the washed cells in 5 µL of cold electroporation buffer. (Authors: Please specify the name of cells that will be used during demonstration.)
  
2.2. Prepare a 1.2X master mix of RNA cargo on ice in PCR strip tubes to account for pipetting loss [1]. Combine the editor mRNA and gRNA in electroporation buffer [2]. Prepare a final electroporation solution for base editors and nucleases, and prime editors for each target site or editor variant [3]. 
2.2.1. Talent arranging the RNA cargo components on ice in PCT strip tubes.
2.2.2. Talent combining the editor mRNA and gRNA in electroporation buffer.
2.2.3. TEXT ON A PLAIN BACKGROUND
Electroporation Solution per sample (17 µL) 
· For Base Editors and Nucleases
3 µg mRNA				1.5 µL
50 picomoles gRNA			0.5 µL
Electroporation Buffer			15 µL

· For Prime Editors 
1 µg mRNA				0.5 µL
150 picomoles gRNA			1.5 µL
Electroporation Buffer			15 µL
2.3. Dispense 5 microliters of the cell suspension into each electroporation well [1] and add 17 microliters of RNA cargo [2]. Mix the suspension by pipetting twice [3].
2.3.1. Talent adding the cell suspension into each electroporation well.
2.3.2. Talent adding RNA cargo in the electroporation buffer to the cells.
2.3.3. Talent pipetting the suspension twice to mix.
2.4. Quickly, run the electroporation program optimized for the selected cell type in the nucleofection device to complete electroporation within two minutes [1]. Confirm successful pulse delivery for each well using the instrument readout [2].
2.4.1. LAB MEDIA: Table 5. (Authors: Could you please specify the cells that will be used during the demonstration, so we can specify only those conditions for visual clarity? Additionally, please specify if the mention of nucleofection device is appropriate. If yes, please specify the conditions used for electroporation in the device like pulse, speed and voltage) 
2.4.2. SCREEN: Show the instrument readout confirming successful pulse delivery for each well. (Authors: Please specify if this shot can be screen captured or needs to be filmed by the videographer?)
2.5. After electroporation, immediately add 80 microliters of pre-warmed recovery medium supplemented with CEPT (sept) cocktail to each well, allowing the cells to recover undisturbed for 10 minutes [1]. Transfer the cells to pre-equilibrated and appropriately coated culture plates [2]. Incubate the cells at 37 degrees Celsius in 5 percent carbon dioxide [3]. Examine the cells daily after plating to monitor cell health and recovery [4].
2.5.1. Talent adding pre-warmed recovery medium to each electroporation well.
2.5.2. Talent transferring the cells to prepared culture plates.
2.5.3. Talent placing the culture plates for incubation.
2.5.4. Talent examining the plated cells under microscope to assess health and recovery.

3. Genomic DNA Extraction
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. At least 2 days after electroporation, wash the cells once with DPBS [1]. Remove the buffer completely [2].
3.1.1. Talent washing the cells with Dulbecco’s phosphate-buffered saline.
3.1.2. Talent removing the buffer completely.
3.2. Prepare incomplete lysis buffer [1] for storage at room temperature for up to 6 months [2]. 
3.2.1. Talent preparing the incomplete lysis buffer.
3.2.2. TEXT ON A PLAIN BACKGROUND
Incomplete Lysis Buffer (1 liter)
1M Tris-HCl (pH 8.0) 			10 mL
10% w/v SDS				5 mL
Nuclease-free water		Adjust to a final volume of 1 L
3.3. Immediately before use, prepare a complete lysis buffer by adding proteinase K at a 1 to 1000 dilution to an aliquot of incomplete lysis buffer [1]. Add the complete lysis buffer to the cells to initiate lysis [2]. Incubate the samples at 37 degrees Celsius for 60 minutes to complete cell lysis and proteinase K digestion [3].
3.3.1. Talent adding proteinase K to incomplete lysis buffer.
3.3.2. Talent adding complete lysis buffer to the cells.
3.3.3. Talent placing the samples for incubation.
3.4. Transfer the lysates to PCR tubes or a 96-well plate [1]. Incubate the samples at 80 degrees Celsius for 30 minutes to inactivate the proteinase K [2]. Store the lysates at minus 20 degrees Celsius until PCR amplification [1].
3.4.1. Talent transferring lysates to PCR tubes or a 96-well plate. (Authors: Please specify if PCR tubes or 96-well plate will be used for this step during filming?)
3.4.2. Talent placing the samples for incubation.
3.4.3. Talent storing the lysates at minus 20 degrees Celsius.

4. Targeted Amplicon Sequencing and Analysis of Genome Editing Outcomes
Demonstrator: Click here to enter name of demonstrator(s)
4.1. Design locus-specific primers to generate approximately 300-basepair amplicons, ensuring the primers flank the target edit site by spanning at least 25 basepairs upstream and downstream of the intended modification [1].
4.1.1. SCREEN: Show locus-specific primer design spanning the edit site with upstream and downstream sequence coverage.
4.2. Amplify the target genomic locus by performing the first polymerase chain reaction, or PCR1 (P-C-R-one) [1], using the specific reaction components and thermocycling conditions [2].
4.2.1. Talent preparing the first polymerase chain reaction amplification for the target genomic locus.
4.2.2. LAB MEDIA: Table 6 and Table 7. Video Editor: Please add the headings “PCR1 reagents for MiSeq library preparation” and “PCR1 cycling conditions” for Table 6 and Table 7 respectively. (Authors: Could you please provide the forward and reverse primer sequences to be added to Table 6 for easy and clear visualization of the reaction conditions?)
4.3. Use the PCR1 product as the template to add unique sample indices [1] and perform 9 cycles of PCR amplification [2] under specific conditions to generate PCR 2 (P-C-R-two) products [3].
4.3.1. Talent adding unique sample indices using the first polymerase chain reaction product as the template.
4.3.2. SCREEN: Show the amplification setup with 9 cycles selected.
4.3.3. Authors: To keep this visual clear and engaging, would it be possible to share the specific reaction components and thermal cycling conditions for PCR2 in a simplified format or as a separate, focused table? Table 8 contains extensive detail and is a bit challenging to display clearly within a video frame. Thank you so much for your help with this.

4.4. Run the PCR1 and PCR2 products on a 1.5 percent agarose gel [1] to confirm the presence of single bands at the expected sizes [2].
4.4.1. Talent loading polymerase chain reaction products onto the agarose gel.
4.4.2. Representative shot of the image showing single bands of PCR1 and PCR2 products.
4.5. Pool the PCR2 products in equimolar amounts [1]. Use bead-based cleanup or gel purification to remove adapter dimers under specific conditions [2].
4.5.1. Talent pooling the second polymerase chain reaction products.
4.5.2. Talent removing adapter dimers using the selected cleanup method. (Authors: Please specify if gel purification or bead purification will be demonstrated during filming?)
4.6. Use fluorometric double-stranded deoxyribonucleic acid or dsDNA (D-S-D-N-A) assay to quantify the final pooled library [1]. Assess the fragment size distribution by capillary electrophoresis [2].
4.6.1. Talent quantifying the pooled library using a fluorometric double-stranded deoxyribonucleic acid assay. (Authors: Could you please specify if this shall be visualized virtually? If yes, we will modify this into a SCREEN shot).
4.6.2. SCREEN: Show the fragment size distribution generated by capillary electrophoresis.
4.7. Load and run the finalized pooled library on an Illumina MiSeq (my-seek) instrument, configuring it to execute single-end, 300-cycle reads [1]. Generate approximately 30,000 reads per sample for optimal analysis [2].
4.7.1. Talent preparing the libraries for sequencing on the Illumina MiSeq instrument. (Authors: Could you please specify if this shall be visualized virtually? If yes, we will modify this into a SCREEN shot).
4.7.2. SCREEN: Show sequencing read counts reaching the required range per sample.
4.8. For analysis of genome editing outcomes, demultiplex the sequencing data [1]. Organize the FASTQ files according to genomic locus and experimental condition [2].
4.8.1. SCREEN: Show sequencing data being demultiplexed.
4.8.2. SCREEN: Show FASTQ files organized by genomic locus and experimental condition.
4.9. Install CRISPResso2 according to the instructions provided in the official repository [1]. Run CRISPResso2 batch analysis using batch files that specify the input FASTQ files and analysis parameters [2].
4.9.1. SCREEN: Show the CRISPResso2 installation instructions from the official repository.
4.9.2. SCREEN: Show CRISPResso2 batch analysis running with input FASTQ files and analysis parameters specified.
4.10. To review the reports, open the HTML (H-T-M-L) output report [1]. Confirm successful sample processing [2].
4.10.1. SCREEN: Open the hypertext markup language output report.
4.10.2. SCREEN: Show the report section confirming successful sample processing.
4.11. Extract quantitative outputs like Extract the editing efficiency, nucleotide conversion frequencies, and insertion-deletion, or indel frequencies from the appropriate summary output files [1]. Export the quantitative output values for downstream plotting and data interpretation [2].
4.11.1. SCREEN: Show the summary output files and highlight the extracted editing efficiency, nucleotide conversion frequencies, and insertion and deletion frequencies.
4.11.2. SCREEN: Show the quantitative output values being exported for downstream plotting and data interpretation.
4.11.3. 

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: 085.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 
5.1. Representative agarose gel electrophoresis of IVT-generated adenine [1] and cytosine base editor mRNAs shows sharp, single bands with minimal degradation, confirming high integrity for downstream electroporation [2].
5.1.1. LAB MEDIA: Figure 2. Video Editor: Please emphasize the single DNA bands in the two lanes labelled “ABE8e-NG” and “ABE8e-SpG”
5.1.2. LAB MEDIA: Figure 2. Video Editor: Please emphasize the DNA band in lane labelled “CBE6b-NRCH”
5.2. Representative editing efficiencies in induced pluripotent stem cells, or iPSCs (I-P-S-sees), showed significant variation ranging from minimal to highly successful by buffer [1] and program combination, highlighting the necessity of empirical optimization [2].
5.2.1. LAB MEDIA: Figure 3. Video Editor: Please emphasize the first 3 bars and the 5th bar along with their corresponding X-axis labels.
5.2.2. LAB MEDIA: Figure 3. Video Editor: Please emphasize the 4th bar along with its corresponding X-axis label “NEON(1600V,20ms, 1pulse)”
5.3. Editing optimization of seven pulse programs [1] across buffers P2 and P3 in primary fibroblasts revealed variable efficiencies [2], peaking sharply with the Buffer P2 and DS-150 combination [3].
5.3.1. LAB MEDIA: Figure 4. Video Editor: Please highlight the X-axis labels “CA-137, CM-138, DS-150, EH-100, EN-150, EO-114, FF-113”
5.3.2. LAB MEDIA: Figure 4. Video Editor: Please emphasize all the blue bars, followed by all orange bars.
5.3.3. LAB MEDIA: Figure 4. Video Editor: Please empohasize the height of the blue bar with X-axis label DS-150.
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