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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? NO
Can you record movies/images using your own microscope camera? NO
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. 
ThermoFisher EVOS M5000

2. Does your protocol include software usage? NO
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.

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.)
2.1, 2.2, 3.5, 4.4, 5.3
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.)
4.1 – planning experiment library coverage
5. Will the filming need to take place in multiple locations? NO. 
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. Amy Tong: CRISPR-Cas drop out screens provide researchers with a simple, efficient, and inexpensive method to interrogate gene function on a genome wide level. 

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

1.2. Professor Jason Moffat: The advantage of CRISPR is its pliability to edit any gene, by simply changing the guide sequence. CRISPR guide libraries enable researchers to interrogate the entire genome in one experiment in an unbiased, systematic way.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
 
OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Patricia Mero: Currently, CRISPR screens are being used to identify essential genes across hundreds of human cancers, map genetic interactions, and comprehensively profile drugs to reveal drug mechanism of actions. 

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

1.4. Patricia Mero: The CRISPR libraries described here target mammalian cells. However, guide libraries targeting other species such as mouse are available and can be screened similarly. 

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

1.5. Katherine Chan: Performing genome-wide screens in human cells can be daunting in practice, as it involves the handling of tens of millions of cells and requires analysis of large sets of data. Before embarking on a screen, ensure cell lines are carefully characterized. It is important to know ploidy of your cell line, doubling time, lentivirus transduction efficiencies and sensitivities to antibiotic selection agents. 

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

1.6. Kevin Brown: A visual demonstration will provide a picture of how to practically handle the millions of cells required in a screen and keep track of thousands of perturbations in a systematic manner. 

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

Introduction of Demonstrator: (Said by you on camera)  

1.7. Jason Moffat: Demonstrating the procedure will be Andrea Habsid, Kamaldeep Aulakh, and Ryan Climie, technicians from my laboratory. 

1.7.1. INTERVIEW: Author saying the above 
1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
























Section - Protocol
2. Pooled CRISPR sgRNA Lentiviral Library Plasmid Amplification
2.1. Begin by transforming the ready-made CRISPR sgRNA plasmid into electrocompetent cells and growing them according to manuscript directions [1]. When ready to harvest the colonies, add 7 milliliters of LB with carbenicillin to each plate and scrape the colonies off with a cell spreader [2]. Videographer: This step is important! 
2.1.1. [bookmark: _GoBack]WIDE: Establishing shot of talent walking to the lab bench or hood with culture plates in hand. 
2.1.2. Talent adding medium to a plate and then scraping off the colonies.
2.2. Use a 10-milliliter pipet to transfer the scraped cells into a sterile 1-liter conical flask [1] and rinse the plate with 5 milliliters of LB with carbenicillin [2]. Again, transfer the rinsing solution to the flask [3]. Videographer: This step is important!
2.2.1. Talent transferring medium to flask. 
2.2.2. Talent adding more medium to plate and scraping plate.
2.2.3. Talent transferring medium from plate to flask.
2.3. Centrifuge the cells according to manuscript directions [1] and then determine the weight of the wet pellet [2]. Purify the plasmid DNA using a maxi- or mega-scale plasmid purification kit [3]. 
2.3.1. Talent taking the cells out of the centrifuge. 
2.3.2. Talent weighing the cells inside the centrifuge bottle.
2.3.3. Talent at the bench using the maxi- or mega- plasmid purification kit. 

3. Large-scale CRISPR sgRNA Library Lentivirus Production 
3.1. Prepare cells for transfection by seeding 293T cells [1] and incubating them overnight [2].
3.1.1. Talent seeding cells. 
3.1.2. Talent putting cells in incubator.
3.2. On the next day, prepare the 3 transfection plasmid mixture for 15-centimeter plates. Calculate the amount of plasmid needed for one transfection [1] and make a mix of plasmids for the number of plates plus one to be transfected [2].
3.2.1. Talent calculating the amount of plasmid needed (on paper)
3.2.2. Talent preparing mixture and pipetting and mixing plasmids 
3.2.3. Talent at the bench preparing the mixture. TEXT: See manuscript for detailed instructions 
3.2.4. Talent calculating the amount of plasmid needed (on paper or computer). -move to 3.2.1 
3.2.5. Talent pipetting and mixing plasmids. 
3.3. Next, prepare a lipid-based transfection reagent for each transfection [1] and aliquot reduced serum media into individual 1.5 milliliter microcentrifuge tubes for the number of plates to be transfected [2]. Add the transfection reagent, mix gently, and incubate at room temperature for 5 minutes [2]. 
3.3.1. Talent preparing transfection reagent. TEXT: See manuscript for transfection reagent recipe
3.3.2. Talent aliquoting serum media. Talent adding the transfection reagent, mixing gently, and setting the tubes on the bench and walking away.

3.3.3. Talent adding the transfection reagent, mixing gently, and setting the tubes on the bench and walking away.  NOTE: This step combined with 3.3.2.
3.4. After the incubation, add DNA to the transfection reagent at a 3 to 1 ratio of transfection reagent to micrograms of DNA complex [1]. Mix the solution gently and leave at room temperature for 30 minutes [2]. 
3.4.1. Talent adding DNA to reagent. 
3.4.2. Talent mixing the solution and leaving it to incubate.

3.5. Add the transfection mixture to packaging cells and incubate them according to manuscript directions [1]. On the day of viral harvest, check the cells for abnormal and fused morphology as an indication of good virus production [2] and harvest the lentivirus by collecting the supernatant and transferring it to a sterile centrifuge tube [3]. Videographer: This step is important!

3.5.1a –Added shot: add transfection mixture to cells. 
3.5.1. 3.5.1 b - Packaging cells in incubator. NOTE: shot is now 3.5.1b
3.5.2. Talent looking at the cells with a microscope. NOTE: Also use SCREEN: images of what cells should look like uploaded JoveScript_59780_step3.5.2_viralharvest.
3.5.3. Talent aspirating collecting supernatant and transferring it to a centrifuge tube. 
3.6. Katherine Chan: Proper handling of lentivirus should be followed as outlined by your institution’s EHS office.  
3.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking more directly at the camera. Videographer: Since this is a warning statement, instruct talent to look more directly at the camera. NOTE: This was filmed but authors are not sure that it’s needed. Leave it out.

4. Primary Screen Infection, Selection, and Cell Passaging 
4.1. Begin by selecting the CRISPR sgRNA (pronounce ‘krisper guide R-N-A’) library coverage to be maintained throughout the screen [1-TXT]. Based on the library coverage, determine the number of cells required to maintain it per sgRNA [2] and the number of cells required for infection at MOI (pronounce ‘M-O-I’) 0.3 [3]. Videographer: This step is the most difficult!
4.1.1. Talent planning the experiment in lab notebook or on the computer. TEXT: 200-fold minimum
4.1.2. LAB MEDIA: Table 3. Video Editor: Emphasize 2nd column (Number of cells per sgRNA)
4.1.3. LAB MEDIA: Table 3. Video Editor: Emphasize 3rd column (Number of cells required for infection)
4.2. Next, determine the number of plates required to set up the infection [1-TXT] and then harvest [2] and seed the cells to each plate [2a]. Add hexadimethrine bromide to all plates [3-TXT] and add the required volume of virus to screening and Control 2 plates [4]. Do not add virus to Control 1, replace that volume with media [5].  
4.2.1. Talent bringing plates to work station. TEXT: See Table 4 in manuscript
4.2.2. Talent harvesting and 
4.2.2.a Added shot: seeding cells
4.2.3. Talent adding the hexadimethrine bromide to plates.
4.2.4. Talent adding virus to plates. 
4.2.5. Talent adding media to control 1 plate.
4.3. Mix the plates thoroughly by tilting [1] and place the plates into an incubator [2], making sure that they are level [3].
4.3.1. Talent tilting plate to mix.
4.3.2. Talent placing plates into incubator. 
4.3.3. Level plates inside incubator.

4.4. Harvest infected cells according to manuscript directions and collect three replicates of cell pellets from the pooled cells for genomic DNA extraction [1]. Centrifuge the cells at 500 x g for 5 minutes [2] and wash them with PBS [3]. Label the tubes and freeze-dry the cell pellets at -80 C [4-TXT]. Videographer: This step is important!

4.4.1. Talent collecting replicates. 
4.4.2. Talent placing cells in centrifuge and starting it. 
4.4.3. Talent washing cells with PBS. 
4.4.4. Talent labeling tubes and putting them in freezer. TEXT: T0 reference samples

4.5. Split the pool of infected cells into 3 replicate groups, making sure to maintain library coverage within each replicate [1]. Seed cells at a density that would normally be used when expanding them. Use the same number of cells for each replicate and the same total number of cells between replicates [2]. 

4.5.1. Talent splitting pool of cells. 
4.5.2. Talent seeding cells.

4.6. Continue to passage the cells and harvest 3 replicates of cell pellets from each replicate of pooled-infected cells for up to 15 to 20 cell doublings [1]. At each passage, harvest the cells from all plates in each replicate with each other [2]. Label each pellet with a time and replicate designation [3]. 

4.6.1. Talent harvesting cells. 
4.6.2. Talent remixing cells. 
4.6.3. Talent properly labeling the cells.

5. CRISPR Sample Preparation and Sequencing 

5.1. Set up PCR 1 according to manuscript directions with a total of 100 micrograms of genomic DNA [1]. Add 3.5 micrograms of genomic DNA per 50 microliter reaction [2] and set up identical 50 microliter reactions to achieve desired coverage [3-TXT].

5.1.1. Talent mixing PCR reagents at the lab bench. 
5.1.2. Talent adding DNA to reaction tube. 
5.1.3. PCR tubes with identical reactions. TEXT: See manuscript for primer sequences

5.2. Set up one PCR 2 reaction according to manuscript directions [1]. Use 5 microliters of the pooled PCR 1 product as a template and use unique index primer combinations for each individual sample to allow pooling of sequencing library samples [2].

5.2.1. Talent putting together PCR reagents and primers in a tube. 
5.2.2. Talent adding PCR 1 product to tube. 

5.3. After completing the PCR, run the PCR 2 product on a 2% agarose gel at low voltage for 1 to 1 and a half hours [1]. Visualize the product on a blue light transilluminator [2] and excise the 200 base-pair band [3]. Purify the DNA and measure its quantity and quality with both a spectrophotometer and a fluorometer [4]. Videographer: This step is important!

5.3.1. Talent setting up agarose gel and starting the run. 
5.3.2. Talent placing the gel on transilluminator. 
5.3.3. Talent cutting out band. 
5.3.4. Talent analyzing purified DNA on fluorometer. 









Section – Results
6. Results: Genome-scale CRISPR Screening
6.1. An ideal sgRNA library should have every single sgRNA represented at similar quantities [1]. Next-generation sequencing can be used to confirm that the library has a tight distribution of sgRNAs [2].
6.1.1. Figure 2. 
6.1.2. Figure 2. Video Editor: Emphasize the tight distribution, 8 – 12 on the read count (x) axis. 
6.2. Precision recall analysis can be used to evaluate screen performance [1]. A high performing screen should recover a large number of essential genes at a Bayes Factor larger than 6 and a false discovery rate of less than 5%. The precision-recall curve should have a sharp elbow and a straight line to the terminal point [2].
6.2.1. Figure 3 A. 
6.2.2. Figure 3 A. Video Editor: Emphasize the blue curve.
6.3. The Bayes Factor represents a confidence measure that the gene knock-out results in a fitness defect [1]. High scores indicate increased confidence [2] while low scores suggest that gene knock-out provides growth advantages [3].
6.3.1. Figure 4. 
6.3.2. Figure 4. Video Editor: Emphasize the red dots.
6.3.3. Figure 4. Video Editor: Emphasize the blue dots.

6.4. Genome-wide knock-out pools can be cultured in the presence of excess drug agent to look for suppressor/resistance genes. To perform a positive selection screen for suppressor of thymidine block, normalized read counts for all sgRNAs at T0 are plotted against mean normalized read counts for thymidine treated samples [1].

6.4.1. Figure 5.


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

7.1. Katherine Chan: A key detail to successfully performing CRISPR screens is maintaining sufficient distribution of each gRNA from transfection of the plasmid to transduction of cells. This will minimize the chance of random effects that can skew gRNA representation and lead to false positive or negative results. 

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.2. Amy Tong: Following a screen, validation experiments should be done to confirm hits. The primary screen only identifies potential hits.  Various methods are used depending on the associated phenotype to be confirmed.
 
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

7.3. Jason Moffat: CRISPR editing combined with next generation sequencing has enabled genome scale loss-of-function screens in diverse human model systems. Due to the simplicity of CRISPR, these types of screens are now broadly accessible to all researchers, allowing more scientists to utilize functional genetic methods to study biological processes and disease. 
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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