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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  Y
Can you record movies/images using your own microscope camera? (Y/N) Y

2. Does your protocol include software usage? (Y/N) N

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.2.1, 2.2.2, 3.6.2, 3.6.3.

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
3.6.2, 3.6.3

5. Will the filming need to take place in multiple locations? (Y/N) N
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Yaoliang Tang: Duchenne muscular dystrophy (DMD) causing premature exhaustion of muscle progenitor cells (MPC) is one of the most severe muscular dystrophies. To promote functional muscle regeneration, we use CRISPR/Cas9-mediated gene editing to restore dystrophin expression in iPSC-derived MPC [1].
1.1.1. INTERVIEW

1.2. Yue Jin: The CRISPR/Cas9 gene editing has the potential to restore dystrophin gene expression. Autologous iPSCs - derived muscle progenitor cells (MPC) can replenish the stem/progenitor cell pool, repair damage, and prevent further complications in DMD without causing an immune response. Differentiation of iPSC into myogenic progenitor cells reduce the risk of tumorigenesis in iPSCs [1].
1.2.1. INTERVIEW

OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.3. Yaoliang Tang: Cellular therapy that combines autologous iPSC-derived MPC with CRISPR/Cas9-mediated genetic correction is a promising DMD treatment strategy [1].
1.3.1. INTERVIEW

1.4. Jue Jin: This technology can be used to treat many congenital diseases by genetically edited autologous stem cells, including heart, brain, and blood diseases [1].
1.4.1. INTERVIEW

1.5. Jue Jin: Visual demonstration of this approach can provide readers with experience in handling cell reprogramming and gene editing, which remains a challenge [1].
1.5.1. INTERVIEW



Section - Protocol
All animal handling and surgical procedures were performed by a protocol approved by the Augusta University Institutional Animal Care and Use Committee (IACUC). Mice were fed standard diet and water ad libitum.
2. Selecting and Harvesting ES-like Cells 
2.1. Under an inverted microscope [1], examine the colonies of infected mouse embryonic stem cells. Mark the colonies at the bottom of the dish with a self-inking object marker [2]. 
2.1.1. Talent observes at the microscope.
2.1.2. SCOPE: Talent shows the colonies and marks at the bottom.
2.2. Apply greased cloning rings to cover the marked cell colonies. Add 100 microliters of 0.05% trypsin EDTA to each cloning ring [1], and place the plate in an incubator at 37 degrees Celsius for 5 minutes [2].  
2.2.1. SCOPE: Talent adds rings to cover the colonies, and adds a solution to each ring. Videographer: Take multiple shots, as this will be used later. Important step.
2.2.2. Talent places the plate into the incubator. Important step.
2.3. Then, transfer the digested cells with 100 microliter-pipette tips to 48-well culture plates containing 250 milliliters of mES (pronounce as M-E-S) growth medium [1]. Incubate the cells in a 37 degrees Celsius incubator with 5% carbon dioxide and 85% humidity [2]. 
2.3.1. CU: Talent transfers cells into wells. Videographer: Take multiple shots, as this will be used later.
2.3.2. Talent places the plates into incubator.
2.4. When they reach 70% confluence [1], select the wells with well-grown cells and add 250 milliliters of TVP (pronounce as T-V-P) solution to digest for 30 minutes [2-TXT].
2.4.1. Talent takes a plate from the incubator to show 70% confluence.
2.4.2. CU: Talent adds solution into wells. TEXT: TVP: trypsin, versene, and chick plasma
2.4.3. [Added Shot] Talent places the plate into the incubator. (Use 2.3.2)
2.5. Then, transfer the cell culture from each well to a 6-centimeter dish [1]. Repeat applying cloning rings [2] and incubation for several times [3] until uniform dorm-shaped clones are obtained [4].
2.5.1. Talent takes a plate from the incubator. (Use 2.4.1)
2.5.2. Use 2.2.1
2.5.3. Use 2.3.1
2.5.4. CU: Shot of a plate with uniform dorm-shaped clones.
3. Deletion of Exon 23 in Mouse iPSCs with Two Guide RNAs (gRNAs) coupled with Cas9
3.1. Now, digest the prepared mouse iPSCs (pronounce as I-P-S-Cs) by adding 1 milliliter of TVP solution [1]. Transfer the cell culture into a 24-well plate coated with fibronectin and gelatin [2] and incubate at 37 degrees Celsius with 5% carbon dioxide [3].
3.1.1. Talent adds solution into a dish.
3.1.2. Talent Transfers cell culture into each well of a plate.
3.1.3. Talent places the plate into an incubator.
3.2. After the cells reach 50% confluence [1], switch to 500 microliters of the fresh culture medium containing 8 micrograms per milliliter polybrene. Then, add 100 microliters of the lentiviral particle solution to the mouse iPSCs [2]. Incubate the cells for 3 days at 37 degrees Celsius with 5% carbon dioxide [3].
3.2.1. Talent shows 50% confluence.
3.2.2. CU: Talent removes medium and adds two new medium. 
3.2.3. Talent places the plate into the incubator. Videographer: Take multiple shots, as this will be used later.
3.3. Next, determine the minimum concentration of blasticidin and hygromycin B which is at half-kill rate within 24 hours [1]. Add the media of 2.5 micrograms per milliliter blasticidin and 100 micrograms per milliliter hygromycin B into the cells [2], wait for 3 days, and select the cells that remain adherent as stably infected cells [3]. 
3.3.1. Talent determines minimum concentration on a paper.
3.3.2. Talent adds media.
3.3.3. CU: Talent selects stably infected cells.
3.4. Digest the selected mouse iPSCs with 0.5 milliliters of TVP (pronounce as T-V-P) solution each well in a new 24-well plate [1], and incubate cells for 30 minutes at 37 degrees Celsius with 5% carbon dioxide [2].
3.4.1. Talent adds cells and solution into a plate. 
3.4.2. Use 3.2.3
3.5. Then, pipet the iPSCs into single cells [1], and count cells with a cell counting chamber [2]. Select about 150 digested single cells, and dilute with mES medium into 10-centimeter dish [3], culture at 37 degrees Celsius with 5% carbon dioxide [4].
3.5.1. CU: Talent pipets the cells.
3.5.2. Talent operates on a cell counter.
3.5.3. Talent adds cell culture and medium into a dish.
3.5.4. Talent places the dish into an incubator.
3.6. After about 10 days, under an inverted microscope [1], use 10-microliter sterile pipette tips to pick single colonies [2], and transfer each colony into 50 microliters of TVP solution in a 96-well plate [3]. Digest at 37 degrees Celsius for 30 minutes [4]. 
3.6.1. Talent transfers the dish from the incubator to a microscope.
3.6.2. SCOPE: Talent uses a tip to pick one colony. Important step.
3.6.3. CU: Talent places one colony into one well. Important step.
3.6.4. Talent places the plate into an incubator.
3.7. Yaoliang Tang: Reliable manual colony-picking is critical for the success of harvesting CRISPR/Cas9-edited IPSC [1].
3.7.1. INTERVIEW
3.8. Then, transfer and divide the digested cells from each well into another two 96-well culture plates [1]. Incubate at 37 degrees Celsius [2] until 70% confluent [3].
3.8.1. Talent transfers cell culture from one well into another two well.
3.8.2. Talent places two plates into an incubator.
3.8.3. Talent shows the plate with 70% confluency.
4. Identification of iPSC Colonies with Exon23 Deletion
4.1. With the cell colonies at 70% confluence, remove the medium in the 96-well plate. Add 25 microliters of lysis reagent containing 1% proteinase K solution to each well [1], and transfer the lysate to another 96-well PCR plate [2].
4.1.1. Talent removes medium and adds the solution to each well.
4.1.2. Talent transfers solution to another plate.
4.2. Seal the PCR plate with adhesive seals[1] and incubate the plate in a thermal cycler at 55 degrees Celsius for 30 minutes, and then at 95 degrees Celsius for 45 minutes to lyse the cells and denature the proteinase K [2-TXT].
4.2.1. Talent seals the plate.
4.2.2. Talent places the plate into a thermal cycler and adjusts settings. TEXT: 55 °C for 30 min; 95 °C for 45 min
4.3. Then, in a PCR tube, add 2 microliters of the lysate, 10 microliters of 2x DNA polymerase premix, 7 microliters of DNase (pronounce as D-N-S) free water, and 1 microliter of DMD (pronounce as D-M-D) exon 23 primers [1].
4.3.1. [bookmark: _GoBack]Talent adds one solution from the plate taken out of the thermal cycler, and the mix of the solution containing 2x DNA polymerase premix, DNase free water and DMD exon 23 primers into a PCR plate.
4.4. Start the PCR reaction according to the manuscript [1]. Then, load the PCR reaction supplied with 2.2 microliters of loading buffer onto a 2% agarose gel [2]. Run the gel at 100−150 volts for 30 minutes [3], and inspect the gel under UV light [4].
4.4.1. Talent adjusts settings on the thermal cycler.
4.4.2. CU: Talent loads solution onto a gel.
4.4.3. Talent adjusts the power supply.
4.4.4. Talent places the gel under UV light.



Section – Results
5. Results: CRISPR/Cas9-mediated Exon23 Deletion.
5.1. In this protocol, two guide RNAs that flank the mutant exon 23 were designed [1]. After Cas9-mediated double-stranded breaks [2] and non-homologous end joining [3], mutant exon 23 was deleted, allowing for truncated but functional dystrophin production [4]. 
5.1.1. Figure 2
5.1.2. Figure 2 – Video editor: emphasize Figure 2A, the DSB part, between the two arrows.
5.1.3. Figure 2 – Video editor: emphasize Figure 2A, the NHEJ part, below the two arrows.
5.1.4. Figure 2 – Video editor: emphasize Figure 2B, and then emphasize #1&#2 lanes.




Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

6.1. Yue Jin: To avoid leakage of trypsin solution, we need to apply grease evenly to the bottom of rings [1] [2].
6.1.1. Use 2.2.1.
6.1.2. INTERVIEW
6.2. Yaoliang Tang: The combination of CRISPR/Cas9 genome editing with Tet-on MyoD activation system provides a safe, feasible, and efficient strategy for autologous cell transplantation in DMD patients with gene-recovery muscle progenitors [1].
6.2.1. INTERVIEW
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