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Authors, please fill out the brief questionnaire below.   

A.  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)_____N____  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: __Nikon Eclipse TS 100___________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___3.1, 3.3 (seeding 96 well plate, can show seeding and what a single cell will look like), 3.5 (we can show images of how cell colonies look as they grow over time. These images can be taken by us using phone cameras, or we can set up dilutions that will be ready to image the day of filming), 4.2, 4.5, 5.2 (similar to 4.2, lysing cells) , 5.6 (not filming, but I think it’s important to visualize this step with figures)___________________
D.  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.) ___3.1, 3.3, 3.6 (properly generated monoclonal colonies is key to obtaining a full KO). To ensure success, time should be taken to make sure seeding cells are at a true density of 0.33 cells per well. Counting cells after serial dilutions works well for us. Also, when picking cells, make sure to be precise when picking colonies, and tracking clonal population growth regularly ensures two colonies don’t grow into one larger colony. 
Note: generation of proper plasmids is also crucial, although this step is not incorporated into our video because this has been established by other labs __
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal: (read by voice talent at JoVE)

The goal of this procedure is to isolate and identify clonal knockout cell lines generated by two types of CRISPR Cas9-mediated genome editing:  one method detects protein knockout caused by non-homologous end joining, while the other detects genomic perturbations generated by homology directed repair. 


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Kristen Dias: This method is particularly useful in the field of molecular biology, where generation of cell lines with genetic perturbations is an important tool in dissecting gene function.  
1.2. Kristen Dias: The main advantage of this technique is that it is a quick and relatively high throughput method that can be easily executed using basic molecular biology techniques.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Erin Sternburg: Non-homologous end joining introduces small deletions or insertions and are assessed by dot immunoblot, while homology directed repair allows for larger and more precise perturbations and are assessed by colony PCR.

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
N.A. 
















Protocol: (read by voice talent at JoVE)


2. Transfection of CRISPR components into cultured cells and Drug selection

2.1. This experiment uses T-REx293 (Voiceover: pronounced “T. rex two nine three.” T. rex as in the dinosaur) cells cultured in DMEM media supplemented with 10% FBS at 37 °C and 5% CO2. [1-MED] 

2.1.1. Talent taking out plates of T-REx293 cells from the incubator.

2.2. Prior to transfection, plate the cells onto 6-well plates, and include a well for an un-transfected control.  [1-MED] Grow the cells to approximately 70% confluency. [2-MED]  

2.2.1. Talent at the tissue culture hood, pipetting cell suspension into the wells of a 6-well plate.
2.2.2. Talent putting two 6-well plates into the incubator.  Please get multiple usable takes; shot will be repeated later.

2.3. Transfect the cells with 2.5 µg of total plasmid using a commercial transfection protocol. [1-MED-TXT] For transfection of cells without selection, use 2.5 µg of Cas9-sgRNA plasmid. [2-LM]  For transfection of cells with selection, [3-LM] use 0.75 µg of Cas9-sgRNA 1, [4-LM] 0.75 µg of Cas9-sgRNA 2, [5-LM] and 1.0 µg of homologous recombination template. [6-LM]

2.3.1. General shot of talent pipetting plasmid DNA into a well of a 6-well plate. TEXT: Refer to text protocol for generation of plasmids.
2.3.2. Slide 1 of ‘55903_transfection graphics.pptx.’
2.3.3. Slide 2 of ‘55903_transfection graphics.pptx.’ Show cartoon of plate alone.
2.3.4. Slide 2 of ‘55903_transfection graphics.pptx.’  Add cartoon of Cas9/sgRNA1.
2.3.5. Slide 2 of ‘55903_transfection graphics.pptx.’  Add cartoon of Cas9/sgRNA2.
2.3.6. Slide 2 of ‘55903_transfection graphics.pptx.’  Add cartoon of HDR template followed by the black arrow.

2.4. Incubate the transfected cells and the un-transfected control at 37 °C and 5% CO2 for 48 hours. [1]

2.4.1. Use shot from 2.2.2.  

2.5. For cells transfected with selection, begin the drug selection by treating the cells with the appropriate drug, which is neomycin in this case. [1-CU-TXT] Return the 6-well plate to the incubator. [2-MED]

2.5.1. Talent adding neomycin to a well of a 6-well plate. TEXT: 500 µg/mL Neomycin
2.5.2. Talent putting one 6-well plate into the incubator.  

2.6. Observe the treated cells once a day to check for rates of cell death until all cells in the un-transfected control die. [1-MED-TXT] 

2.6.1. Talent placing a 6-well plate on the stage of the microscope and then checking the cells. TEXT: Neomycin selection typically takes 3-5 days.
3. Isolation of clonal populations 

3.1. To isolate clonal populations, first grow the cells to 100% confluency in the original well after selection. [1-MED] Next make serial dilutions of the cells [2-CU] and count the cells.  [3-MED]  

3.1.1. Talent putting 6-well plates into the incubator. 
3.1.2. Talent plating a starting dilution into 3-5 wells.
3.1.3. Talent at the microscope counting the cells.

3.2. Erin Sternburg: “Since the proper generation of monoclonal colonies is key to obtaining a full knockout, care must be taken to determine the correct dilution for seeding cells at the desired density.” [1- INTERVIEW]

3.2.1. Author speaking to camera.

3.3. Once the correct dilution has been determined, seed the cells into 96-well plates at a density of 0.33 cells per well.  [1-MED-TXT]

3.3.1. Talent at the tissue culture hood, using a multichannel pipette to seed a 96-well plate with cells. TEXT: 0.33 cells/well

3.4. Seeding three 96-well plates is a good starting point to ensure isolation of more than one correct clone. [1-MED-TXT] 

3.4.1. Talent putting three 96-well plates into the incubator. Please get multiple usable takes; shot will be repeated later. TEXT: number of plates may vary depending on sgRNA and HDR efficiencies.

3.5. Over a 2 to 4 week period, observe the colonies until colonies are visible to the eye. [1-MED] These representative images show colonies at different stages of growth: a single cell at seeding, [2-SCOPE] cells at day 5, [3-SCOPE] and a well-established colony at day 10. [4-SCOPE] Author:  if you end up using cells from different stages on filming day, please revise the narration accordingly after the shoot.

3.5.1. Talent placing a 96-well plate on the stage of the microscope and then checking the cells.
3.5.2. 5-10 seconds of footage of a well with a single cell.  Video editor: please use stills from the video footage.
3.5.3. 5-10 seconds of footage of day 5 cells. Video editor: please use stills from the video footage.
3.5.4. 5-10 seconds of footage of a well-established colony. Video editor: please use stills from the video footage.

3.6. Using a sterile pipette tip, pick visible colonies with care and precision [1-CU/ECU] and reseed in new wells to encourage monolayer growth. [2-CU]

3.6.1. *film as written.
3.6.2. Colonies being reseeded in a new well in a 96-well plate.  

3.7. Continue growing the cells at 37 °C and 5% CO2. [1]

3.7.1. Use shot from 3.4.1.

4. Screening Candidates by Dot Blot

4.1. Knockout candidates without selection are screened by dot immunoblot to assess the protein product in a high-throughput manner. [1-WIDE/MED] 

4.1.1. Talent taking a 96-well plate to the work area/lab bench. Please get multiple usable takes; shot will be repeated later.

4.2. After growing individual clones to 50-100% confluency, dislodge the monolayer of cells by pipetting within the well. [1-CU] Aliquot 90 µL of the 100 µL total volume from each well to a clean microcentrifuge tube. [2-CU]  For the purposes of this video, only two samples will be processed. [3-CU] 

4.2.1. The cell in one well of a 96-well plate being pipetted.
4.2.2. Talent transferring 90 µL of the well’s content to a clean microcentrifuge tube.
4.2.3. A capped microcentrifuge tube containing a sample is placed in a rack next to another capped microcentrifuge tube. 

4.3. Spin down at 6000 rpm for 5 minutes, [1-MED] remove the media, and lyse the cell pellet in 10 µL of 1x SDS loading buffer. [2-CU]

4.3.1. Talent putting the two microcentrifuge tubes into the centrifuge and starting the spin.
4.3.2. The supernatant from one of the microcentrifuge tubes is removed and then 10 µL of SDS loading buffer is added to the tube.

4.4. Add 90 µL of new media to the remainder of the cells in the well [1-CU] and return the plate to the incubator to continue propagating the cells. [2-MED]

4.4.1. *film as written.
4.4.2. Talent putting the 96-well plate into the incubator.

4.5. Pipette 1 µL of cell lysate onto a dry nitrocellulose membrane to form a dot. [1-CU] Blot each sample twice on two separate membranes, creating two identical patterns of samples. [2-CU] 

4.5.1. *film as written.
4.5.2. The same sample (from 4.5.1) being pipetted onto a second nitrocellulose membrane in an identical pattern.

4.6. Block the membranes in 5% milk in TBST [1-MED] at room temperature with rocking for 1 hour. [2-MED]

4.6.1. Talent putting each membrane into a tray/container that already contains 5% milk in TBST.
4.6.2. Talent putting both trays on a rocking platform incubator and turning it on. Please get multiple usable takes; shot will be repeated later.

4.7. After 1 hour, blot the membranes with primary antibodies at the recommended primary antibody dilution in TBST plus 5% milk. [1-MED] On one membrane use the primary antibody against the target protein, ELAVL1 (Voiceover: pronounced “E.L.A.V.L one”) in this experiment. [2-CU-TXT] On the other membrane, use the primary antibody for a control protein that is not expected to change; PUM2 (Voiceover: pronounced “Pum two.”  Pum rhymes with “rum”) is used here. [3-CU-TXT] 

4.7.1. Talent taking the two trays off the platform rocker.
4.7.2. anti-ELAVL1 antibody being added to one membrane. TEXT: 0.2 µg/mL
4.7.3. anti-PUM2 antibody being added to the second membrane. TEXT: 0.1 µg/mL

4.8. Incubate at room temperature for 1 hour. [1] 

4.8.1. Use shot from 4.6.2. 

4.9. Remove the primary antibody solution from each blot, add TBST, [1-MED] and incubate for 5 minutes. In this manner, wash the blots 3 times with TBST. [2-MED]  

4.9.1. Primary antibody solution is removed from one membrane and then TBST is added to the membrane.
4.9.2. Talent putting both trays (with TBST) on the platform rocker and turning it on. Please get multiple usable takes; shot will be repeated later. TEXT:  Wash 3X with TBST; 5 min each wash

4.10. Next, add to each membrane the appropriate HRP-conjugated secondary antibody [1-CU] and blot at room temperature for 1 hour. [2] 

4.10.1. *film as written.
4.10.2. Use shot from 4.6.2. 

4.11. After 1 hour, wash the membranes 3 times with TBST for 5 minutes each time. [1-TXT]

4.11.1. Use shot from 4.9.2. TEXT:  Wash 3X with TBST; 5 min each wash

4.12. Apply a chemiluminescence substrate solution to the blots following the manufacturer's instructions [1-MED] and image the blotted membranes on a digital chemiluminescence imager. [2-MED]

4.12.1. Talent applying chemiluminescence substrate solution to one of the blots.
4.12.2. Talent placing the two blots on the imager.

4.13. Lastly, quantify dot intensities for the target and control proteins using the appropriate software and analyze the results as described in the text protocol. [1-MED] 

4.13.1. General shot of talent at the computer doing the analysis.

5. Screening Candidates by colony PCR

5.1. Candidates with a selectable resistance marker are screened by colony PCR. [1] Begin this procedure by duplicating individual colonies in a new 96-well [2-CU] and growing them to 100% confluency for preparation of cell lysates. [3-MED]

5.1.1. Use shot from 4.1.1.
5.1.2. Talent using a multipipettor to transfer cells from the first 96-well plate to a new 96-well plate.
5.1.3. Talent putting two 96-well plates into the incubator.

5.2. Remove the media from one set of the clones, [1-CU] resuspend the cells from each well in 30 µL of extraction buffer from a commercial DNA preparation kit, and transfer to a clean 1.5-mL microcentrifuge tube. [2-CU]

5.2.1. *film as written.
5.2.2. 30 µL of extraction buffer is added to one well, resuspended and then transferred to a 1.5-mL microcentrifuge tube.

5.3. Heat the solution to 96 °C for 15 minutes [1-MED] and then let cool to room temperature. [2-CU]

5.3.1. Talent putting two 1.5-mL microcentrifuge tubes into a heat block. 
5.3.2. Two tubes are taken out of the heat block and left at RT.

5.4. Add 30 µL of stabilization buffer to each microcentrifuge tube and mix well. [1-MED]

5.4.1. *film as written.

5.5. To identify wildtype and mono-allelic or bi-allelic mutant lines by colony PCR, design two separate sets of PCR primers to amplify regions around the homology arms [1-LM] based on either successful [2-LM] or unsuccessful integration of the resistance cassette. [3-LM]

5.5.1. show graphic from panel C only of ‘55903fig2large.jpg’
5.5.2. panel C only of ‘55903fig2large.jpg’  Highlight ‘Successful HDR’
5.5.3. panel C only of ‘55903fig2large.jpg’  Highlight ‘Unsuccessful HDR’

5.6. On each side, use a common primer that anneals outside of the homology arm. [1-LM] To test for the wild-type allele, use the common primer with a corresponding paired primer that is complementary to the endogenous sequence, spanning the homology region. [2-LM] To test for the desired mutation, use the common primer with another paired primer, complementary to the inserted resistance cassette. [3-LM-TXT] 

5.6.1. panel C only of ‘55903fig2large.jpg’  Circle the 4 red arrows.
5.6.2. panel C only of ‘55903fig2large.jpg’  Circle the 2 blue arrows.
5.6.3. panel C only of ‘55903fig2large.jpg’  Circle the 2 green arrows. Add this text underneath the graphics. TEXT: Refer to text protocol for primer sequences; primer sets should be validated using cell lysate from the original selected bulk cell population.

5.7. For each sample to be tested, prepare a reaction mixture containing the following: [1-MED] 0.5 µL of cell lysate, 1.25 µL of 10x KOD buffer, 0.75 µL of 25 mM magnesium sulfate, 1.25 µL of 2 mM dNTPs, 0.375 µL of Forward primer, 0.375 µL of Reverse primer, 0.25 µL of KOD polymerase, and 7.75 µL of water.  [2-JoVE stock graphics] 

5.7.1. Talent pipetting reagents into 8-strip PCR tubes.
5.7.2. Show cartoon of an open PCR tube (similar to Resource ID# 3111). Make a micropipettor (similar to Resource ID# 2538) appear above the PCR tube, and then add text overlay of each reagent as it is narrated.  TEXT: 0.5 µL cell lysate; 1.25 µL KOD buffer; 0.75 µL 25 mM MgSO4; 1.25 µL 2 mM dNTPs; 0.375 µL Forward primer  (10 µM); 0.375 µL Reverse primer (10 µM); 0.25 µL KOD polymerase; 7.75 µL water.  

5.8. Perform PCR using the following conditions: [1-MED] 95 °C for 2 minutes, followed by 25 cycles of 95 °C for 20 seconds, primer melting temperature for 10 seconds, and 70 °C for 20 seconds per kb. [2-LM] 

5.8.1. Talent putting PCR tubes into the thermal cycler.
5.8.2. 55903_PCR program.pptx 

5.9. Subsequently, visualize the PCR products by agarose gel electrophoresis. [1-MED]

5.9.1. General shot of talent loading an agarose gel.

6. Results: knockout cell lines generated by two CRISPR/Cas9 methods

6.1. Genome editing using non-homologous end joining was performed to generate ELAVL1 knockout lines, [1-LM] followed by dot immunoblot, probing for ELAVL1 [2-LM] and PUM2. [3-LM]

6.1.1. Panel A of 55903fig1large.jpg.  Show only the Non-Homologous End Joining cartoon (left part of graphics) 
6.1.2. Panel A of 55903fig2large.jpg.  Show left blot only.
6.1.3. Panel A of 55903fig2large.jpg. Show right blot only.

6.2. Clones that displayed little control signal were marked with an X and excluded from further analysis. [1-LM]

6.2.1. Panel A of 55903fig2large.jpg.  Show both blots.  Highlight the x’s on both blots.

6.3. Clones with low ELAVL1 signals were further tested by western blot. [1-LM] Confirmed candidates are indicated in green and invalidated candidates are indicated in grey. [2-LM] 

6.3.1. Panel A of 55903fig3large.jpg.  
6.3.2. Panel A of 55903fig2large.jpg.  Show left blot only.

6.4. This graphic shows the ratios of ELAVL1 to control protein signal in increasing order. [1-LM] In most cases, clonal populations with the lowest relative ELAVL1 signal were correctly identified as knockouts. [2-LM]

6.4.1. Panel B only of 55903fig2large.jpg.  
6.4.2. Panel B only of 55903fig2large.jpg.  Circle the green section in the graphic and the green square and ‘WB-validated KO candidates.’

6.5. Candidates generated by the homology directed repair method were screened by colony PCR [1-LM] and the PCR products visualized by agarose gel electrophoresis. [2-LM] Shown are example results using primers spanning the upstream integration junction using endogenous inside primers [3-LM] and knockout inside primers. [4-LM]

6.5.1. Panel A of 55903fig1large.jpg.  Show only cartoon of Homology Directed Repair (right part of graphics)
6.5.2. Panel D of 55903fig2large.jpg.  
6.5.3. Panel D of 55903fig2large.jpg.  Circle the red and blue arrows in the cartoon in the top panel.
6.5.4. Panel D of 55903fig2large.jpg.  Circle the red and green arrows in the cartoon in the bottom panel.

6.6. Primers were first validated in both parental cells [1-LM] and bulk selected cells. [2-LM] Results from 24 individual candidate clones are shown, [3-LM] together with the expected band patterns for wildtype, [4-LM] knockout [5-LM] and mono-allelic deletion clones. [6-LM] The black arrows indicate the correct amplification products. [7-LM] Stars indicate bi-allelic knockout clones. [8-LM]

6.6.1. Panel D of 55903fig2large.jpg.  Circle ‘T-REx293’ in the left panel.
6.6.2. Panel D of 55903fig2large.jpg.  Circle ‘Bulk’ in the left panel.
6.6.3. Panel D of 55903fig2large.jpg.  Circle ‘Sample Colonies’ in the middle panel.
6.6.4. Panel D of 55903fig2large.jpg.  Circle ‘WT/WT’ in the right panel.
6.6.5. Panel D of 55903fig2large.jpg.  Circle ‘KO/KO’ in the right panel.
6.6.6. Panel D of 55903fig2large.jpg.  Circle ‘WT/KO’ in the right panel.
6.6.7. Panel D of 55903fig2large.jpg.  Highlight/circle the two black arrows.
6.6.8. Panel D of 55903fig2large.jpg.  Highlight the black stars (samples 2,3,7,9,12,18,21)

6.7. The bi-allelic mutant lines were further validated by western blot. [1-LM]

6.7.1. Show panel B only of 55903fig3large.jpg.  

7. Conclusion (said by authors on camera)
7.1. Kristen Dias: Non-homologous end joining uses a single Cas9 cut and selection-independent screening, thus requiring little upfront preparation, and screening for knockout clones by dot blots can quickly determine if knockout generation was successful.
7.2. Erin Sternburg: Homology-directed repair mechanisms allow for much larger genomic manipulations, which can include both large scale deletions and insertions, and introducing a selectable resistance marker increases the efficiency of knockout generation.
7.3. Erin Sternburg: PCR based screening accurately detects correct candidates with large genomic perturbations generated by homology directed repair.
7.4. Erin Sternburg: These techniques enable researchers in molecular biology to easily and efficiently identify knockouts, allowing them to explore normal or dysfunctional cellular processes using cell lines. 
7.5. [bookmark: _GoBack]Erin Sternburg: Assay of cellular phenotypes dependent on your gene of interest should be performed in downstream analysis.
7.6. Kristen Dias: Once mastered, this technique can be done in 1-2 months if it is performed properly.
7.7. Kristen Dias: After watching this video, you should have a good understanding of how to isolate and identify clonal knockout cell lines generated by CRISPR-Cas9 mediated genome editing. 

   
Provided Media
2.3. Figure of transfection cartoon. (to be uploaded)
5.5-5.6. panel C of ‘55903fig2large.jpg’  
5.8. 55903_PCR program.pptx
6.1. panel A of 55903fig1large.jpg.  
6.1 - 6.3. Panel A of 55903fig2large.jpg.  
6.3. Panel A of 55903fig3large.jpg.  
6.4. panel B of 55903fig2large.jpg.  
6.5. panel A of 55903fig1large.jpg.  
6.5 – 6.6. Panel D of 55903fig2large.jpg.  
6.7. panel B of 55903fig3large.jpg.  


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
 2017, Journal of Visualized Experiments

