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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
4.3., 5.14.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
5.14. It requires some skills and a few trials to be able to pick a colony properly and successfully. 
5. Will the filming need to take place in multiple locations? Y, different rooms same building



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

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


1.1. Ivy Liu: This protocol uses CRISPR Cas9 to create knock-out or knock-in cell lines [1]. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



Section - Protocol
2. Cell Passaging
2.1. For cell passaging, treat overnight-cultured cells with 2 milliliters of 0.25% trypsin-EDTA (E-D-T-A) per well at 37 degrees Celsius for two minutes [1-TXT].
2.1.1. WIDE: Talent adding trypsin-EDTA to well(s), with trypsin-EDTA container visible in frame TEXT: e.g. this protocol has been optimized for HEK293T cells
2.2. When the cells have lifted from the plate bottoms, neutralize the enzymatic reaction with 2 milliliters of cell culture medium [1-TXT] and transfer the cell suspension to a conical tube [2].
2.2.1. MED: Talent adding medium to well(s), with medium container visible in frame TEXT: See text for all medium/reagent preparation details
2.2.2. MED: Talent adding cells to tube
2.3. Collect the cells by centrifugation [1-TXT] and resuspend the pellet in 5 milliliters of fresh cell culture medium for counting [2].
2.3.1. MED: Talent adding tube(s) to centrifuge TEXT: 5 min, 1000 x g, RT
2.3.2. CU: Shot of pellet if visible, then pellet being resuspended in medium, with medium container label and hemocytometer visible in frame
2.4. Then seed 1.8 x 105 cells into one well of a 24-well tissue culture plate for overnight culture at 37 degrees Celsius and 5% carbon dioxide [1]. 
2.4.1. MED: Talent adding cells to well
3. Cell Transfection
3.1 	For transfection of the cells, add an appropriate volume of transfection mix containing the appropriate concentration of CRISPR (crisper) plasmid [1] to the appropriate volume of transfection reagent according to the experimental design and the manufacturer’s instructions [2]. 
3.1.1. WIDE: Talent open kit/reading kit instructions
3.1.2. MED: Talent adding plasmid to tube, with transfection reagent container and instructions visible in frame
3.2. After incubating the transfection mix at room temperature for the recommended period of time [1], add the solution to the cells in a dropwise fashion [2]. 
3.2.1. MED: Talent setting timer, with transfection mix container visible in frame
3.2.2. CU: Solution being added to cells
3.3. Then gently swirl the plate to mix [1] and place the plate in a humidified, 37-degree Celsius incubator with 5% carbon dioxide [2-TXT].
3.3.1. CU: Plate being swirled
3.3.2. MED: Talent placing plate into incubator TEXT: Incubate 24 h for NHEJ-based editing/72 h for HDR-based editing

4. Transfected Cell Fluorescence Activated Cell Sorting (FACS) 

4.1. At the end of the transfection, add 150 microliters of trypsin-EDTA to dissociate the cells as just demonstrated [1] and collect the detached cells by centrifugation [2-TXT].

4.1.1. WIDE: Talent adding trypsin-EDTA to well, with trypsin-EDTA container visible in frame
4.1.2. MED: Talent adding tube(s) to centrifuge TEXT: 5 min, 235 x g, RT

4.2. Resuspend the pellet in 2% fetal bovine serum in PBS [1] and filter the cells through a 30-micrometer mesh strainer into a 5-milliliter fluorescence activated cell sorting, or FACS, tube [2].

4.2.1. CU: Shot of pellet if visible, then FBS + PBS being added to cells, with FBS + PBS container label visible in frame
4.2.2. MED: Talent adding cells to strainer

4.3. Then use the non-transfected cells to set a negative control gate on the flow cytometer [1] and sort the transfected cells according to the fluorescent marker on the CRIPSR plasmid used for the transfection into a tube containing 100 microliters of cell culture medium [2].

4.3.1. MED-over the shoulder: Talent setting gate on cytometer
4.3.2. CU: Cells being sorted into tube  (Author Comment: Was not shot) (Editor: I’m unsure if the authors provided an alternative shot, but I’m assuming not. If possible, try to use 4.3.1 for all of the VO in 4.3)

5. Individual Clone Expansion and Editing Efficiency Evaluation 

5.1. When all of the transfected cells have been collected, pellet the cells by centrifugation at maximum speed [1-TXT] and resuspend the pellet in 300 microliters of cell culture medium [2].

5.1.1. WIDE: Talent adding tube(s) to centrifuge TEXT: 5 min, 18,000 x g, RT
5.1.2. CU: Shot of pellet if visible, then medium being added to cells, with medium container label visible in frame

5.2. Seed 200 microliters of cells into one well of a 24-well tissue culture plate [1] and allow the cells to recover for a few days in a 37-degree Celsius incubator [2].

5.2.1. MED: Talent adding cells to plate
5.2.2. MED: Talent placing plate into incubator

5.3. Pellet the remaining 100 microliters of sorted cells at maximum speed for 5 minutes [1] and extract the genomic DNA from the resulting pellet according to standard DNA extraction protocols [2].

5.3.1. MED: Talent adding tube(s) to centrifuge Use shot 5.1.1
5.3.2. MED: Talent opening DNA extraction kit and removing reagents/instructions, etc, with sample tube visible in frame

5.4. Next, add 10 microliters of polymerase chain reaction buffer, 1 microliter of deoxynucleotide mix, 2.5 microliters of user-defined reverse primer, 0.5 microliters of DNA polymerase [1], 2-5 microliters of the extracted genomic DNA template, and enough double-distilled water to bring the reaction to a final volume of 50 microliters [2].

5.4.1. MED: Talent adding reagents to tube, with PCR buffer, dNTP mix, reverse primer, DNA polymerase, extracted DNA sample, and water containers visible in frame
5.4.2. CU: Reagent(s) being added to tube, with reagent container labels visible in frame

5.5. Run the mixture in a thermal cycler [1-TXT] and resolve the reaction on a 2% agarose gel using 1x TAE (T-A-E) buffer according to standard protocols [2].

5.5.1. MED: Talent adding sample to thermal cycler TEXT: See text for PCR parameter details
5.5.2. MED: Talent adding sample to gel

5.6. Use a clean, sharp scalpel to excise the polymerase chain reaction product [1] and purify the DNA using a gel extraction kit according to the manufacturer’s instructions [2].

5.6.1. CU: Product being excised from gel
5.6.2. MED: Talent opening gel extraction kit, removing reagents and/or instructions

5.7. Measure the concentration of the product using a spectrophotometer at 260 nanometer absorbance [1] and prepare an assay mix containing 200 nanograms of the isolated DNA, 2 microliters of T7 (T-seven) endonuclease one reaction buffer, and enough double-distilled water to bring the final volume of the mixture to 19 microliters [2].

5.7.1. MED: Talent adding sample to spectrophotometer
5.7.2. MED: Talent adding DNA and T7EI buffer to tube, with sample, T7EI and water containers visible in frame

5.8. Re-anneal the polymerase chain reaction product in a thermal cycler at the indicated parameters [1-TXT] and mix 5 units of T7 endonuclease one with the re-annealed product for a 50-minute incubation at 37 degrees Celsius [2].

5.8.1. CU: Sample being added to cycle TEXT: 95 °C 5 min,  25 °C at 6 °C/min, hold at 4 °C
5.8.2. MED: Talent adding T7EI reagent to tube, with T7EI reagent container visible in frame

5.9. At the end of the incubation, resolve the digested DNA on a 2.5% agarose gel using 1x TAE buffer [1] and image the gel on an appropriate gel imaging system [2].

5.9.1. CU: Sample being added to well
5.9.2. MED: Talent imaging gel 

5.10. Open the gel image in ImageJ [1] and draw a rectangular box around the band as close to its boundary as possible [2].

5.10.1. MED-over the shoulder: Talent opening image, with monitor visible in frame
5.10.2. SCREEN: To be provided by Authors: box being drawn around band

5.11. Click Analyze and Set Measurements, confirming that the area, mean gray value, and integrated density options are checked [1].

5.11.1. SCREEN: To be provided by Authors: Analyze and Set Measurements being clicked, then shot of checked area, mean gray value, and integrated density options

5.12. Click Ok and select Analyze and Measure. The mean, or Raw Intensity Density, value is indicative of the band intensity [1].

5.12.1. SCREEN: To be provided by Authors: Ok being clicked, then Analyze and Measure being clicked, then shot of RawIntDen data 

5.13. When the cultured transfected cells start becoming confluent, detach them with tryspin-EDTA as demonstrated [1] and seed the cells sparsely in a 100-millimeter tissue culture dish to allow sufficient space for individual colonies to grow [2] before returning the cells to the cell culture incubator [3].

5.13.1. MED: Talent adding trypsin-EDTA to well, with trypsin-EDTA container visible in frame
5.13.2. MED: Talent adding cells to dish
5.13.3. MED: Talent placing dish into incubator 

5.14. When the colonies begin to form, use a microscope with a 4x magnification to pick the individual colonies [1] for transfer into individual wells of a 24-well plate containing 500 microliters of cell culture medium per well [2].

5.14.1. MED: Talent at microscope, picking colony
5.14.2. MED: Talent placing colony into well

5.15. Ivy Liu: Take care that your tip does not touch the surrounding colonies to prevent mixing of the colonies within individual wells or pick from areas of sparse colony growth [1].

5.15.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

5.16. When all of the clones have been picked, place the plate in the cell culture incubator until the cultures become confluent [1-TXT].

5.16.1. MED: Talent placing plate into incubator TEXT: Alternative: Sort single cells into 96-well plate



Section – Results
6. Results: Representative Gene Editing Efficiency Analyses 

6.1. As undigested plasmids are supercoiled, they tend to run faster than their linearized counterparts [1].

6.1.1. LAB MEDIA: Figure 7A: JoVE Video Editor: please emphasize dark band in lane 4

6.2. To determine if the oligonucleotides have been successfully cloned into the CRISPR plasmid backbone, colony PCR is performed [1], and the positive clones are inoculated before the plasmids are extracted and sent for Sanger sequencing [2].

6.2.1. LAB MEDIA: Figure 7B
6.2.2. LAB MEDIA: Figure 7B: JoVE Video Editor: please emphasize lanes with green checkmarks

6.3. The fluorescent signal can be readily visualized under a microscope upon a successful delivery of the plasmids [1], allowing the transfected cells to be sorted by flow cytometry [2].

6.3.1. LAB MEDIA: Figure 8A: JoVE Video Editor: no animation OR please emphasize some bright red signal(s)
6.3.2. LAB MEDIA: Figure 8B: JoVE Video Editor: please emphasize pink cells in Transfected graph

6.4. A T7 endonuclease one assay is performed to check the cleavage efficiency of the genomic DNA as calculated from the intensities of the bands observed on an agarose gel [1].

6.4.1. LAB MEDIA: Figure 9A

6.5. Additionally, if a homology-directed, repair-based experiment is designed to incorporate a restriction site at the target locus, a restriction fragment length polymorphism assay can be performed with the corresponding restriction enzyme [1].

6.5.1. LAB MEDIA: Figure 9B

6.6. To further validate that a protein-coding gene has been successfully inactivated, a western blot can be carried out to ensure that no targeted protein is present [1].

6.6.1. LAB MEDIA: Figure 10B: JoVE Video Editor: please add/emphasize red arrows and/or emphasize missing bands indicated by red arrows


[bookmark: _GoBack]Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Ivy Liu: (Step 4.3.) Sorting the cells after transfection eliminates the cells without incorporated plasmids, increasing the percentage of cells screened in the later steps as having a knock-out or knock-in gene [1]. 
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Ivy Liu: With the development of this technique, we are now able to produce knock-out cell lines to study gene function and knock-in lines to model specific diseases to understand their mechanisms [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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