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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?  Yes
If Yes, can you record movies/images using your own microscope camera? Yes, images only
Authors: Based on your input, we have modified the annotations for shots 4.2.4 and 5.1.2 to SCOPE shots. Please film these shots as described below.
SCOPE shots: 4.2.4 and 5.1.2
Authors: Please film the shots labeled as SCOPE using your microscope camera and upload the files to your project page: https://review.jove.com/account/file-uploader?src=21847808

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? NO

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: 12
Number of Shots: 35 

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. Donna Iadarola: We aimed to generate and functionally test high heteroplasmy trans-mitochondrial cybrids from patients with mitochondrial disease.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the research contexts or systems in which this protocol can be applied.
1.2. Donna Iadarola: Generation of cybrids and respirometry will help functionally determine pathogenicity for variants of unknown significance for patients with mtDNA mutations.
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. Donna Iadarola: Energy-deficient high heteroplasmy cybrids can be generated and used for downstream analyses, including respirometry, viability, or high-throughput screening.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Are there any additional methods or analyses that can be performed following this procedure?
1.4. Donna Iadarola: After cybrids are generated, a wide range of analyses can be done, including proliferation and viability assays, high-throughput screening, and fluorescence-based detection. 
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. Donna Iadarola: A library of mtDNA mutant cybrids at varying heteroplasmy can be built to compare phenotypes and used for therapy screening.
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.

Ethics Title Card

This research has been approved by the Institutional Review Board (IRB) at the Children's Hospital of Philadelphia





Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Fusion of Platelets and Rho0 Cells Derived from the 143B Osteosarcoma Cell Line (Authors: We have divided Section 2 into 2 parts. Cybrid Preparation and Maintenance is now a standalone section)
Demonstrator: Donna Iadarola 
2.1. To begin, add 1 milliliter of Rho0 (Rho-zero) cell suspension containing 1.5 million cells on top of the centrifuged platelet pellet [1]. Spin the combined cells at 200 g for 5 minutes at room temperature [2]. 
2.1.1. WIDE: Talent adding 1 mL of Rho0 cell suspension to platelet pellet. 
2.1.2. Talent placing the cells in the centrifuge.
2.2. Aspirate the supernatant [1], add 150 microliters of fusion buffer containing 50 percent polyethylene glycol and 10 percent dimethyl sulfoxide [2], and triturate for 90 seconds to resuspend the sample [3].
2.2.1. Talent removing the supernatant from the Rho0 cells and the platelet pellet.
2.2.2. Talent adding fusion buffer to the sample. 
2.2.3. Talent triturating the sample to resuspend it.

3. Cybrid Preparation and Maintenance
3.1. Add 12 milliliters of Cybrid media consisting of Dulbecco's Modified Eagle Medium, or DMEM (D-M-E-M) with 10% fetal bovine serum, or FBS (F-B-S), and 50 micrograms per milliliter uridine to a T75 (T-seventy-five) flask [1]. Then, add 1 milliliter of the fused platelets and Rho0 cell suspension to the flask [2].
3.1.1. Talent adding Cybrid media to a T75 flask.
3.1.2. Talent transferring the fused platelets and Rho0 cells into the flask.
3.2. Incubate the cells at 37 degrees Celsius with 5 percent carbon dioxide for one week, performing media changes on days 2 and 5 to allow the Rho0 cells to fully incorporate the mitochondrial DNA from the platelets [1]. 
3.2.1. Talent placing the flask in the incubator.

4. Selection of Fused Cybrid Cells 
4.1. On Day 8, remove the cybrid media [1] and wash the cells with 5 milliliters of phosphate-buffered saline, or PBS (P-B-S) [2]. After aspirating the PBS, add 1 milliliter of trypsin [3].
4.1.1. Talent removing the media.
4.1.2. Talent adding PBS to the flask.
4.1.3. Talent adding trypsin to the flask.
4.2. Spread the trypsin across the bottom of the flask [1] and incubate for 5 minutes at 37 degrees Celsius [2]. Add 5 milliliters of Cybrid media to neutralize the trypsin [3] and count the cells [4].
4.2.1. Talent spreading trypsin across the bottom of the flask.
4.2.2. Talent placing the flask in the incubator.
4.2.3. Talent adding Cybrid media to the flask.
4.2.4. SCOPE: Show the trypsinized cells being counted. 
4.3. Seed 125,000 cells each to the 100-millimeter Petri dish for the colony selection growth method [1], and to a T75 flask for the dilution growth method [2]. Make up the volume to 12 milliliters with Selection media containing DMEM and 10 percent dialyzed FBS, devoid of pyruvate and uridine [3]. Incubate at 37 degrees Celsius under 5 percent carbon dioxide conditions for one week, performing media changes every other day to wash away the detached, unfused Rho0 cells [4]. 
4.3.1. Talent transferring 125,000 cells into the 100 mm Petri dish
4.3.2. Talent transferring 125,000 cells into a T75 flask.
4.3.3. Talent adding Selection media to reach a final volume of 12 milliliters.
4.3.4. Talent placing the cells in the incubator.
4.4. Freeze the remaining fused cells in two cryovials with 1 milliliter of freezing solution, composed of FBS and DMSO in each cryovial [1].
4.4.1. Talent aliquoting the remaining cells into two cryovials containing freezing solution. (Authors: Could you please specify the composition of the freezing solution used for fused cells?)  350 µL of fetal bovine serum [FBS] + 100 µL of dimethyl sulfoxide [DMSO] Authors: Please provide the percentages of FBS and DMSO, as the provided volumes do not add up to 1 mL)

5. Colony Selection and Dilution Methods for Cybrid Culture
5.1. Following the selection of fused cybrid cells, grow the colonies in Cybrid culture media containing 20% fetal bovine serum and 50 micrograms per milliliter uridine [1] until they are visible by eye [2]. Circle independent non-overlapping colonies with a marker at the bottom of the dish while holding it up to the light [2].
5.1.1. Talent replacing the media in the culture dish. 
5.1.2. SCOPE: Shot of cybrid colonies at the bottom of the flask. 
5.1.3. Talent marking independent non-overlapping colonies on the bottom of the flask. 
5.2. Use a P20 (P-twenty) pipette to mechanically detach and harvest the selected colony by scraping [1] and aspirating 20 microliters simultaneously within the marked circle to collect the cells into the pipette tip [2]. Transfer each isolated colony into an individual well of a 96-well plate [3].
5.2.1. Talent using a P20 pipette to scrape a selected colony.
5.2.2. Talent aspirating the cells from a selected colony.
5.2.3. Talent plating a colony into an individual well of a 96-well plate.
5.3. For the dilution method of culture, first wash the cells with 5 milliliters of PBS, when they reach 75 percent confluence in Cybrid culture media [1]. After aspirating the PBS, trypsinize [2] and count the cells [3]. 
5.3.1. Talent washing the cells with PBS.
5.3.2. Talent adding trypsin to the culture vessel.
5.3.3. Talent counting the cells.
5.4. To perform serial dilution, add 100,000 cells in a 50-milliliter conical tube 1 containing 20 milliliters of Cybrid culture media [1]. Transfer 200 microliters from tube 1 into tube 2 containing 20 milliliters of Cybrid culture media for a 100-fold dilution [2]. Next, transfer 10 milliliters from tube 2 to tube 3, which contains 10 milliliters of cybrid culture media for a 1 to 1 ratio dilution [3]. Similarly, add 10 milliliters from tube 3 to tube 4 for subsequent 1 to 1 ratio dilution [4]. 
5.4.1. Talent transferring cells into 50-milliliter conical tube 1 containing Cybrid culture media.
5.4.2. Talent preparing the 100-fold dilution in 50-milliliter conical tube 2.
5.4.3. Talent preparing the 1:1 dilution in 50-milliliter conical tube 3.
5.4.4. Talent preparing the 1:1 dilution in 50-milliliter conical tube 4.
5.5. Plate 100 microliters from tubes 2, 3, and 4 into each well of 96-well plates [1]. On the next day, identify and discard wells with multiple cells, then re-examine the single-cell wells after a few days to monitor clonal growth, prior to genetic and functional validation of the cybrid cells [2].  
5.5.1. Talent dispensing samples from tubes 2, 3, and 4 into individual wells of a 96-well plate.
5.5.2. Talent marking wells that contain more than one cell.
5.5.3. 

Results
6. Results 

6.1. Cybrid generation for a variant of unknown significance in Mitochondrial NADH Dehydrogenase Subunit 1, or MT-ND1 (M-T-N-D-one), m.3985G>A (M-dot-thirty-nine-eighty-five-G-to-A) mutation demonstrated that supplementing both growth and selection media with 20 percent FBS was essential for successfully isolating high-level heteroplasmy lines [1]. The colony method yielded the highest heteroplasmy level at 95 percent [2], compared with the dilution method, which yielded a maximal heteroplasmy level of only 40 percent [3].
6.1.1. LAB MEDIA: Table 1. Video Editor: Please emphasize the text “Selection: 20% dialyzed FBS with uridine” in the “Selection Media” column and the text “40%” and “95%” in the “Highest heteroplasmy %” column simultaneously.
6.1.2. LAB MEDIA: Figure 3C. Video Editor: Please emphasize the purple part of the circle and it’s corresponding legend 95%.
6.1.3. LAB MEDIA: Figure 3B. Video Editor: Please emphasize the blue part of the circle and it’s corresponding legend 40%.
6.2. Functional biochemical validation of generated cybrids by high-resolution respirometry showed that basal respiration trended lower in the 95 percent mutant cybrid line [1] as compared to the 0 percent mutant control [2]. 
6.2.1. LAB MEDIA: Figure 4A. Video Editor: Please emphasize the height of the bar labelled “95% MT-ND1 m.3985G>A” on the X-axis.
6.2.2. LAB MEDIA: Figure 4A. Video Editor: Please emphasize the height of the bar labelled “0% MT-ND1 m.3985G>A” on the X-axis.
6.3. Substrate-dependent coupled rate OXPHOSCI (Ox-foss-Complex-One), measured after addition of glutamate, was significantly lower in the 95% mutant cybrid [1] than in the control cybrid, indicating that this mutation impairs complex one activity and is likely pathogenic [2]. 
6.3.1. LAB MEDIA: Figure 4B. Video editor: Highlight the data for the 95% mutant cybrid.
6.3.2. LAB MEDIA: Figure 4B. Video editor: Highlight the data for the control cybrid.
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