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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  

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.
Authors: Please create screen capture videos for shots labelled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21791993

3. Filming location: Will the filming need to take place in multiple locations? No	

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. No


Current Protocol Length
Number of Steps: 20
Number of Shots: 49 

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

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context
Note: The statements have been slightly edited for clarity.
INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Maria Viskadourou: Our research focuses on the development of genome editor therapeutics for the treatment of genetic diseases. 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Maria Viskadourou: Genome editor delivery by plasmid is often inefficient in primary cells. Editor mRNAs enable comparisons among different editors and the study of resulting phenotypes.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

CONCLUSION:

Describe the most important consideration or challenge when performing this protocol.
1.3. Maria Viskadourou: A critical challenge lies in preserving mRNA integrity, as it degrades rapidly upon cellular exposure or due to RNase contamination.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

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


Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Editor RNA Electroporation into Primary Cells
Demonstrator: Maria Viskadourou 

2.1. To begin, use in vitro transcription, or IVT (I-V-T), to prepare high-quality editor messenger RNA, or mRNA (m-R-N-A), encoding the genome editor from a uniform double-stranded DNA-PCR template containing a T7 (T-seven) promoter and 120-nucleotide polyA (poly-A) tail [1]. To keep the mRNA pellet sterile during purification, resuspend it in a biosafety cabinet [2]. After quantification and normalization to 2 microgram per microliter, aliquot and store at minus 80 degrees and thaw on ice before use. [3]. 
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. Talent resuspending the RNA pellet in the biosafety cabinet
2.1.3. Talent aliquoting mRNA into PCR strip tubes
2.2. Use Benchling software tool to design target-specific guide RNAs, or gRNAs (G-R-N-Aze), with one or more editors for testing in the KOLF2.J1 (Kolf-two-jay-one) cells [1]. After obtaining the chemically modified, lyophilized synthetic gRNAs, dissolve them in RNase-free water on ice [2]. (Authors: Please specify if the dissolution medium is appropriate?)
2.2.1. Representative shot of talent designing the guide RNA using Benchling software tool.
2.2.2. Talent dissolving a lyophilized gRNA tube from a manufacturer on ice.
2.3. Trypsinize the cells for electroporation with editor RNAs [1], then wash the resuspended cells with Dulbecco’s phosphate-buffered saline, or DPBS (D-P-B-S), to remove serum and RNases [2]. Next, resuspend the cells to a density of 200 thousand per reaction in 5 microliters of cold electroporation buffer, freshly formulated by combining the buffer and supplement tubes [3]. Maintain the cells in electroporation cuvettes on ice until use [4].
2.3.1. Talent adding trypsin solution to the adherent cells. 
2.3.2. Talent placing the tube with PBS-resuspended cells in the centrifuge.
2.3.3. Talent resuspending the washed cells in 5 µL of cold electroporation buffer. 
2.3.4. Talent placing the cells in electroporation cuvettes on ice
2.4. Prepare a 1.2X master mix of RNA cargo and electroporation buffer on ice in PCR strip tubes to account for pipetting loss [1]. Combine the editor mRNA and gRNA in electroporation buffer [2] for the number of reactions intended [3].  
2.4.1. Talent arranging the RNA cargo and buffer components on ice in PCR strip tubes.
2.4.2. Talent combining the editor mRNA and gRNA in electroporation buffer.
2.4.3. TEXT ON A PLAIN BACKGROUND
Electroporation Solution per sample (17 µL) 
· For Base Editors and Nucleases
3 µg base editor mRNA			1.5 µL
50 picomoles gRNA			0.5 µL
Electroporation Buffer			15 µL

· For Prime Editors 
1 µg prime editor mRNA				0.5 µL
150 picomoles gRNA			1.5 µL
Electroporation Buffer			15 µL
2.5. Add 17 microliters of mRNA cargo to 5 microliters of cell suspension placed in the electroporation cuvettes on ice [1]. Mix the suspension by pipetting it 3 times, avoiding the introduction of bubbles [2].
2.5.1. Talent adding RNA cargo in the electroporation buffer to the cells.
2.5.2. Talent pipetting the suspension three times to mix.
2.6. Within 2 minutes of mixing the cells and RNA, run the DN-100 (D-N-hundred) electroporation program optimized for the selected cell type in the nucleofection device to complete the electroporation [1]. Confirm successful pulse delivery for each well using the instrument readout [2].
2.6.1. Talent placing the electroporation cuvettes in the nucleofection device. Videographer: Please capture the device's digital display showing DN100.
2.6.2. SCREEN: Show the instrument readout confirming successful pulse delivery for each well. Videographer: Please capture the device's digital display showing the readout.
2.7. After electroporation, add 80 microliters of pre-warmed recovery medium supplemented with CEPT (sept) cocktail to each well [1], allowing the cells to recover undisturbed for 10 minutes in a 37 degrees incubator [2]. Transfer the cells to pre-equilibrated and appropriately coated culture plates [3]. Incubate the cells at 37 degrees Celsius in 5 percent carbon dioxide [4]. Examine the cells daily after plating to monitor cell health and recovery [5].
2.7.1. Talent adding pre-warmed recovery medium to each electroporation well. (Authors: Please specify if this “electroporation well” is the same cuvette in which the electroporation was carried out. If yes, we will modify the word “well” here to avoid confusion.)
2.7.2. Talent placing the electroporation well in the incubator.
2.7.3. Talent transferring the cells to prepared culture plates.
2.7.4. Talent placing the culture plates for incubation.
2.7.5. Talent examining the plated cells under microscope to assess health and recovery.

3. Genomic DNA Extraction
Demonstrator: Mark D.Eckley or NW (Authors: Please indicate the name of the person who demonstrated this section during filming)

3.1. At least 2 days after electroporation, wash the adhered cells once with PBS [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]. (Authors: Please confirm if this step will be demonstrated or if a pre-existing buffer will be used during filming. We will modify the shots and narration accordingly.)
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 in the incubator.
3.4. Transfer the lysates to PCR tubes [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 [3].
3.4.1. Talent transferring lysates to PCR tubes.
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: J Noah Workman
Authors: Please create screen capture videos for shots labelled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21791993
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 PCR-1 components for amplification of 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?)	Comment by Gregory Newby: HEK3 primer sequences are pasted below.	Comment by Kathyayani  Sridharan: Authors: Could you please help us understand why HEK3 primers were selected for this protocol, considering that the experiments were carried out in iPSCs? 	Comment by Kathyayani  Sridharan: FP:
ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNATGTGGGCTGCCTAGAAAGG
RP:
TGGAGTTCAGACGTGTGCTCTTCCGATCTCCCAGCCAAACTTGTCAACC

Authors: Please confirm if these forward and reverse primer sequences are appropriately marked
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. TEXT ON A PLAIN BACKGROUND
· PCR-2 Master Mix Composition
2x polymerase master mix					12.5uL 
Unprocessed PCR1						0.5uL  
10uM forward primer						1uL
10uM reverse primer						1uL 
Nuclease-free water						10uL 

· PCR-2 Amplification Conditions
Initial denaturation at 98°C 				30 seconds
Denaturation at 98°C 					10 seconds
Annealing at 62°C 						15 seconds
Extension at 72°C						30 seconds
Final extension at 72°C 					1 minute
Hold at 4°C                                                       (Authors: Please specify duration here)
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 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.
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. Videographer: Please capture the reading on the instrument's digital display.
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. Videographer: Please capture the reading on the instrument's digital display.
4.7.2. SCREEN: Show sequencing read counts reaching the required range per sample.
4.8. For analysis of genome editing outcomes, provide a sample sheet so that the instrument demultiplexes the sequencing data for every sample that needs to be measured [1]. Organize the FASTQ files according to genomic locus and experimental condition [2].
4.8.1. SCREEN: Show a sample sheet for the MiSeq with names organized by genomic locus and experimental condition.
4.8.2. SCREEN: Show FASTQ files organized with the same names shown in the sample sheet.
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 quickly overview 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 the nucleotide conversion frequencies from the nucleotide percentage summary files [1]. Extract indel frequencies or HDR/prime editing frequencies using the quantification of editing frequency output [2] and quantify allelic editing outcomes using the allele frequency table [3].
4.11.1. SCREEN: Show the Nucleotide_percentage_summary.txt output and highlight the column used to extract editing at a target nucleotide..
4.11.2. SCREEN: Show the indel and HDR frequencies calculated from the quantification of editing frequency output
4.11.3. SCREEN: Show the allele frequency table and how it distinguishes one combination of edits from another when doing base editing.
Authors: Please create screen capture videos for shots labelled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21791993
4.11.4. 

Results
5. Results 
5.1. Representative agarose gel electrophoresis of IVT-generated adenine base editor [1] and cytosine baseprime editor mRNAs show 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 mRNA bands in the two lanes labelled “ABE8e-NG” and “ABE8e-SpGCBE6b” (Authors: Could you please specify the exact label of the base editor that should be highlighted during demonstration? Is it ABE8e-NG or ABE8e-SpG or both? Also, please specify if CBE6b-NRCH corresponds to the prime editor mRNA?)
5.1.2. LAB MEDIA: Figure 2. Video Editor: Please emphasize the DNA band in lane labelled “CBE6b-NRCHPE2max” 
(Authors: We do not see any band labelled PE2max in the provided Figure 2 of the manuscript. Could you please specify if different lab media would be provided for this result?) 
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 emphasize the height of the blue bar with the X-axis label DS-150.
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