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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.

SCREEN Shots: 5.1.1-5.1.3, 5.2.1-5.2.2
Videographer: Please film the above-mentioned shots for the computer screen.

3. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? 
Different buildings within the same medical school campus. About five-minute walking distance.

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: 18
Number of Shots: 46 

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

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Pei-Lun Kao: Our research develops high-throughput methods to detect and quantify mitochondrial DNA variants and evaluate models and therapies for mitochondrial 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. Pei-Lun Kao: Existing sequencing and qPCR methods are costly, slow, or insensitive; ddPCR improves throughput, sensitivity, and turnaround for mitochondrial variant quantification.
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?
1.3. Pei-Lun Kao: This protocol measures frequencies of pre-existing and base-editor-induced mitochondrial DNA variants in cell lines and, with modifications, tissues.
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. Pei-Lun Kao: Critical considerations include precise, consistent pipetting during extensive DNA dilution and careful primer and probe design for the targeted allele.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Pei-Lun Kao: Future studies can develop multiplex assays to detect multiple gene-edited alleles simultaneously, increasing throughput and resolving complex variant mixtures.
1.5.1. 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. Preparation of Genomic and Plasmid DNA at Ultra-Low Concentrations
Demonstrator: Pei-Lun Kao 
2.1. To begin, assemble all required reagents, control plasmid DNA, and the prepared genomic DNA samples from the A375 (A-three-seven-five) mutant single cell clones [1]. 
2.1.1. WIDE: Talent arranging all reagents and DNA samples on the workbench.

2.2. Dilute each assayed genomic DNA sample through 6 consecutive 2.5-fold serial dilutions [1-TXT]. Next, dilute each control plasmid sample through 5 consecutive 10-fold serial dilutions [2-TXT].
2.2.1. CU: Talent preparing serial dilutions of the genomic DNA sample. TXT: gDNA concentration: 0.5 to 2.048 × 10⁻³ ng/µL
2.2.2. CU: Talent preparing serial dilutions of the control plasmid DNA sample. TXT: Plasmid concentration: 0.5 to 5 × 10⁻⁶ ng/µL

3. Droplet Digital Polymerase Chain Reaction (ddPCR) Plate Setup 

3.1. To prepare positive control samples, mix the control plasmids at fixed ratios representing the defined heteroplasmy level or editing efficiency of mitochondrial DNA [1-TXT]. For the no-template control, replace the DNA template with an equivalent volume of UltraPure DNase (dee-en-ayz)-RNase (AR·en·ays)-free water in the Droplet Digital Polymerase Chain Reaction or ddPCR (d-d-P-C-R) reaction [2]. 
3.1.1. CU: Talent mixing the diluted mutant and edited control plasmids. TXT: See text protocol for control-plasmid mixing ratios 
3.1.2. Talent dispensing water into the ddPCR master mix to prepare the no-template control.

3.2. Before setting up the assay, thaw the 2× ddPCR Supermix and aliquots of the 20× Mutant-hexachlorofluorescein (hek-suh-klor-oh-flu-RES-ee-in) and Edited-Fluorescein (flu-RES-ee-in) primer-probe sets [1] and then keep them on ice or on a cold block [2]. 
3.2.1. Talent thawing the ddPCR Supermix and the required primer-probe aliquots.
3.2.2. Talent placing the thawed reagents on ice or a cold block.

3.3. Prepare the master mix by combining 1× ddPCR Supermix, 1× of both target primer-probe sets, and UltraPure DNase-RNase-free water without adding the DNA templates [1]. For each 22-microliter reaction, prepare 17 microliters of master mix for genomic DNA samples and 20 microliters for positive controls [2-TXT].
3.3.1. Talent preparing the master mix by mixing the 1× ddPCR Supermix, 1× of both target primer-probe sets, and UltraPure DNase-RNase-free water into a master-mix tube.
3.3.2. CU: Talent dispensing master mix for each genomic DNA reaction and each positive-control reaction. TXT: See text protocol for reaction-mixture details

3.4. Place a ddPCR 96-well plate on a cold block throughout the reaction setup [1]. Briefly vortex the prepared master mixes [2], then gently spin them down on a tabletop centrifuge [3]. Aliquot the master mix into each well according to the experimental layout [4].
3.4.1. Talent placing a ddPCR 96-well plate on a cold block. 
3.4.2. Talent briefly vortexing the master mix tube.
3.4.3. Talent spinning the master mix tube on the tabletop centrifuge.
3.4.4. CU: Talent aliquoting master mix in a well of the ddPCR 96-well plate.

3.5. Add 5 microliters of diluted DNA templates directly into the master mix in the corresponding sample and replicate wells, without touching the sides of the wells [1]. Pipette 2 microliters of diluted control plasmid to each positive-control reaction [2] and dispense 5 microliters of water to each no-template control reaction [3].
3.5.1. CU: Talent adding 5 microliters of diluted DNA template directly into the master mix in the designated sample well.
3.5.2. CU: Talent pipetting 2 microliters of diluted control plasmid to a positive-control well.
3.5.3. CU: Talent transferring 5 microliters of water from the tube into a no-template-control well.

4. Droplet Generation and PCR Amplification

4.1. Seal the ddPCR plate with foil using a PCR plate sealer [1]. Then pulse-vortex the plate at high speed to ensure uniform distribution of DNA molecules across all wells [2], and centrifuge at 1,300 g for 1 minute [3]. 
4.1.1. Talent sealing the plate with foil using a PCR plate sealer.
4.1.2. Talent vortexing the sealed plate vigorously.
4.1.3. Talent places the ddPCR plate in the centrifuge and closes the lid.

4.2. Place the plate on a cold block for 3 to 5 minutes [1], then repeat centrifugation as demonstrated earlier to remove any bubbles remaining at the bottom of the wells [2].
4.2.1. Talent placing the plate on a cold block. 
4.2.2. Talent placing the plate in the centrifuge and closing the lid.
Videographer: Please take a shot of the parameters displayed on the centrifuge.

4.3. Carefully load the ddPCR reaction plate, pipette tips, and droplet-generation cartridges into the automated droplet generator [1]. Place a fresh ddPCR plate onto the cold block to transfer the generated droplets [2]. After confirming an adequate droplet-generation oil level, start the droplet-generation process [3].
4.3.1. Talent loading the plate and consumables into the automated droplet generator.
4.3.2. Talent placing a fresh ddPCR plate onto the cold block for droplet generation.
4.3.3. Talent starting the droplet-generation process on the automated droplet generator.

4.4. After droplet generation is complete, remove the droplet generation plate [1] and inspect the assayed wells to confirm consistent droplet formation [2].
4.4.1. Talent removing the droplet generation plate from the automated droplet generator.
4.4.2. CU: Talent inspecting the assayed wells for consistent droplet formation.

4.5. Seal the droplet generation plate using the plate sealer [1]. Then load it directly onto the PCR thermocycler [2] and initiate the thermocycling program [3]. 
4.5.1. Talent sealing the plate using a plate sealer.
4.5.2. Talent loading the plate onto the thermocycler.
Videographer: Please also capture the thermocycler display showing the programmed parameters.
4.5.3. TEXT ON A PLAIN BACKGROUND:
ddPCR Thermocycling Conditions:

	Step
	Temperature
	Ramp Rate
	Time (mm:ss)

	1
	95 °C
	

2 °C/s
	10:00

	2
	94 °C
	
	0:30

	3
	61.2 °C
	
	1:00

	4
	Go to step 2 (40 X)
	
	-

	5
	98 °C
	
	10:00

	6
	4 °C
	3 °C/s
	Hold



5. Droplet Digital Polymerase Chain Reaction (ddPCR) Data Acquisition and Analysis

5.1. Open the droplet-analysis software [1], then enter the plate information for the droplet reader and select Direct Quantification as the assay type [2]. Select ddPCR Supermix for Probes No dUTP (d-u-t-p) as the ddPCR Supermix and Single Target per Channel under Assay Type [3]. 
5.1.1. SCREEN: Droplet analysis Software being opened. 
Videographer: Please film the computer screen.
5.1.2. SCREEN: Plate information being entered, and direct quantification being selected as the assay type.
Videographer: Please film the computer screen.
5.1.3. SCREEN: ddPCR Supermix for Probes (No dUTP) being selected as the ddPCR Supermix, and Single Target per Channel being selected under Assay Type.
Videographer: Please film the computer screen.

5.2. Enter the target names for the HEX (heks) and FAM (fam) channels and select Unkn (Unknown) as the target type for both channels [1]. Then, enter the sample information to group the replicate wells for analysis [2]. 
5.2.1. SCREEN: Target names being entered for the HEX and FAM channels, and Unkn being selected as the target type for both channels.
Videographer: Please film the computer screen.
5.2.2. SCREEN: Sample information being entered and the replicate wells being grouped for analysis.
Videographer: Please film the computer screen.

5.3. Before starting the run, prepare the droplet reader by checking the fluid and oil levels and emptying the waste container as needed [1]. After PCR amplification, load the plate into the droplet reader [2] and start the run [3]. 
5.3.1. Talent preparing droplet reader for operation by checking the fluid and oil levels and emptying the waste container. 
5.3.2. Talent loading the amplified ddPCR plate into the droplet reader.
5.3.3. Talent starting the droplet-reader run.

5.4. Load the acquired data into the droplet-analysis software [1] and perform a quality check [2]. Confirm approximately 20,000 droplet counts per reaction or approximately 40,000 droplet counts after merging two technical replicates [3]. 
5.4.1. SCREEN: Acquired data being loaded into the droplet analysis software. 
Authors: Please create screen-capture videos of the shots labeled "SCREEN" and upload them to your project page: https://review.jove.com/files_upload.php?src=22391928
5.4.2. SCREEN: Quality check being performed by the selecting user interface.
5.4.3. SCREEN: Droplet counts being selected for an individual reaction and the combined technical replicates.
   
5.5. Export the amplitude data from the droplet-analysis software [1] and import them into the ddPCR analysis application for further analysis [2]. Generate a scatter plot for each individual sample or merged technical replicates, along with the target concentrations and target fractional abundance information [3]. 
5.5.1. SCREEN: Amplitude data being exported from the droplet-analysis software.
5.5.2. SCREEN: Data being imported into the ddPCR analysis application.
5.5.3. SCREEN: Scatter plot being generated with the target concentrations and fractional-abundance values displayed.
  
5.6. To analyze the data directly in the droplet-analysis software, set the amplitude thresholds for the FAM and HEX channels [1]. Next, use the Fractional Abundance feature to calculate the fractional abundance of the edited or other target allele, depending on the assay [2]. Display the results as individual or merged replicate data [3].
5.6.1. SCREEN: Amplitude thresholds being set for the FAM and HEX channels.
5.6.2. SCREEN: Fractional Abundance being selected and the target-allele fractional abundance being calculated.
5.6.3. SCREEN: Results being displayed as individual and merged replicate data.


Results
6. Results 

6.1. Screening identified homoplasmic MT-ATP6 (m-t-a-t-p-six) editing in 16 out of 17 A375 clones, with representative data from Clone 5, which showed edited-allele fractional abundance of 1 (edited allele frequency = 100%) [1]. In comparison, the negative-control clone showed a low-level heteroplasmic editing frequency of 2.8% [2]. The plasmid control containing 90% edited and 10% mutant alleles showed an approximately 10% difference between the expected and detected fractional abundance, which was within the assay’s acceptable threshold [3].
6.1.1. LAB MEDIA: Figure 4A. Video Editor: Emphasize the left (Clone 5) plot and highlight Edit-2_FA = 1.
6.1.2. LAB MEDIA: Figure 4B. Video Editor: Emphasize the middle (negative-control) plot and highlight Edit-2_FA = 0.028.
6.1.3. LAB MEDIA: Figure 4A-B. Video Editor: First, emphasize the right (Control plasmid mixtures Control_1: ~10%Mut + 90%Edit) plot in panel A and highlight Edit-2_FA = 0.795. Then, highlight the green bar in panel B.
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