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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)_N________  
Can you record movies/images using your own microscope camera? (Y/N)___N.A.______  
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: ____N.A._________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ 
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.) Steps 4.1, 4.2 and 4.4 to 4.9.
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.) 2) 4.5-4.7. In this step, it is crucial to use proper gating techniques to ensure that the eventual live cell numbers are accurate. This is key to the success of the competitive proliferation assay.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? __0.4 miles apart_____ 



	

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Anagha Deshpande: This video will demonstrate a simple method for investigating the role of multiple candidate genes in AML in parallel, using the CRISPR-Cas9 system combined with a flow cytometry based competitive growth assay.
1.2. Anagha Deshpande: The main advantage of this technique is that it is rapid and scalable. 

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
	N.A.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. **Anagha Deshpande: Demonstrating the procedure will be Bo Rui Chen, a post doc from my laboratory. 
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.























Protocol: (read by voice talent at JoVE)

2. Medium-throughput Cloning of sgRNAs

2.1. A web-based CRISPR design software is used to design 4 to 6 sgRNAs (Voiceover: “single guide RNAs”) for the gene of interest. [1-MED] To begin, fill in the appropriate information in the fields with asterisks. [2-SCREEN] Then select the target genome for sgRNA design, paste the target sequence in the Sequence box, and click on the Submit button. [3-SCREEN]

2.1.1. Talent at the computer opening the online design tool.
2.1.2. Step 2-1-1.mp4. 0:00-0:19
2.1.3. Step 2-1-1.mp4. 0:20-0:27

2.2. For cloning in the desired sgRNA expression plasmid, prepend the nucleotides “CACC” to the sense oligonucleotide, and “AAAC” to the reverse complementary antisense oligonucleotide. [1-SCREEN]

2.2.1. Step 2-1-2.mp4.  Video editor:  I think you only need to show 0:00-0:19 (the first set of oligos)

2.3. Premixed sense and anti-sense oligonucleotides are then ordered from a company in a 96-well plate labelled Oligo-Mix. [1-MED]

2.3.1. Talent setting out a 96-well plate labelled ‘Oligo-Mix.’

2.4. Set out a separate U-bottom 96-well plate labelled Annealing Plate. [1-MED] Prepare a master mix of 1 µL of T4 Polynucleotide Kinase, 1 µL of 10x T4 DNA ligation buffer and 6 µL of water per annealing reaction. [2-CU] 

2.4.1. Talent setting out a U-bottom 96-well plate labelled ‘Annealing Plate’ next to the ‘Oligo-Mix’ plate.
2.4.2. T4 PNK, T4 DNA ligation buffer and water being pipetted into a tube to make a master mix for 8 reactions.

2.5. Add 8 µL of the master mix to each well of the annealing plate followed by 2 µL of premixed sense and anti-sense oligonucleotides. Pipette 2-3 times gently to mix well, [1-MED] and then spin the plate briefly to get the mixes to the bottom of wells. [2-MED]

2.5.1. Talent using multichannel pipette to add master mix and premixed oligos to each of the 8 wells and then pipetting gently to mix.
2.5.2. Talent putting the annealing plate into the centrifuge and starting the spin.

2.6. Use the following annealing program in a PCR machine: 37 °C for 30 minutes, 95 °C for 2 minutes and 30 seconds, followed by slow cooling to 22 °C at a rate of 0.1 °C per second.  [1-MED-TXT] 

2.6.1. Talent putting the plate into the PCR machine and starting the program. TEXT: 37 °C for 30 min; 95 °C for 2 min 30 s; 0.1 °C/s cooling to 22 °C

2.7. When the annealing is complete, [1-MED] prepare a fresh 96-well plate labelled Diluted OligoMix by diluting the phosphorylated and annealed oligonucleotides from the annealing reaction 1 to 200 with water. [2-MED]

2.7.1. Talent removing the annealing plate from the PCR machine.
2.7.2. Talent using a multichannel pipette to pipet annealing reactions into the Diluted OligoMix plate and then adds water to each well.

2.8. Linearize the sgRNA expression vector by digesting 5 µg of the vector with 1.5 µL of BbsI restriction enzyme using an appropriate buffer [1-CU] at 37 °C for 2 hours. [2-MED-TXT]

2.8.1. sgRNA expression vector, Bbs1 and buffer being pipetted into a microcentrifuge tube.
2.8.2. Talent putting the tube at 37 °C. TEXT: 37 °C; 2 h

2.9. Next, take a fresh 96-well plate labelled Ligation Plate and add 20 ng of the BbsI digested sgRNA expression vector to one well per desired sgRNA ligation. To this, add 2 µL of phosphorylated, annealed oligonucleotides from the Diluted OligoMix plate. [1-MED]

2.9.1. Talent adding digested expression vector and phosphorylated, annealed oligos from the Diluted OligoMix plate to the wells of the Ligation Plate.

2.10. Add to each well 1 µL of 10x T4 ligase buffer and 1 µL of T4 DNA Ligase enzyme and gently pipette to mix. [1-CU] Incubate the plate at room temperature for 2 hours. [2-MED-TXT]

2.10.1.1. A multichannel pipette being used to add T4 ligase buffer and T4 DNA Ligase enzyme to each well of the Ligation Plate and then to gently pipette.
2.10.1.2. Talent putting the Ligation Plate at room temperature. TEXT: room temperature; 2 h

2.11. About 10 minutes before the ligation reaction is done, thaw 90 µL of chemically competent E. coli cells on ice. [1-MED] Transfer 10-µL aliquots of the competent cells into each well of a separate 96-well plate individually. [2-CU]

2.11.1. Talent transferring E. coli cells from freezer to ice.
2.11.2. *film as written.

2.12. Add the ligation mixture into the wells containing the competent cells, pipette up and down gently and incubate at room temperature for 10 minutes. [1-MED]

2.12.1. Talent pipetting ligation mixture (from Step 2.10) into wells of plate containing competent cells, gently mixing, and then setting the plate at RT.

2.13. Pipette 5 µL of the bacteria-DNA mix from each transformation reaction directly into a well of a 6-well plate containing LB-agar with 100 g/mL of Ampicillin. [1-CU] Add approximately 5 to 8 glass beads to each well and shake the 6-well plate 8 to 10 times in a circular motion. [2-MED] Incubate the plates at 37°C overnight. [3-MED] 

2.13.1. One transformation reaction being pipetted into a well of a 6-well plate with LB-agar.
2.13.2. *film as written for one 6-well plate.  
2.13.3. Talent putting the two 6-well plates into the incubator.  

2.14. On the following day, pick 1 to 2 single colonies from each well with a sterile 20-µL pipette tip and streak it onto a labelled spot on a sterile 10-cm Petri dish with LB agar and 100 g/mL of Ampicillin. [1-CU] After streaking onto the LB plate, eject the tip into 3 mL of LB-Ampicillin medium in a 14-mL round bottom tube marked with the corresponding bacterial clone number. [2-MED]

2.14.1. *film as written for one labelled spot.
2.14.2. *film as written.

2.15. The bacterial plate is then sent directly for Sanger sequencing. [1-MED]

2.15.1. Talent wrapping up the 10-cm Petri dish to prepare it for sending out.

2.16. After sequence confirmation of the cloned sgRNAs, purify the DNA from the corresponding 14-mL tube using a mini-prep kit according to the manufacturer’s instructions. [1-MED] 

2.16.1. Talent setting out a 14-mL tube of bacterial culture and transferring the culture to a microcentrifuge tube to start a mini prep.

3. Viral production of sgRNA constructs and transduction in AML-Cas9 Cells

3.1. sgRNA lentiviral particles are produced in a 96-well format as described in the text protocol  [1-MED] and the viral supernatant is immediately frozen at -80 °C. [2-MED]

3.1.1. Talent transferring viral supernatant to sterile tubes.  (Author will perform mock up without virus)
3.1.2. Talent putting tubes into -80 °C freezer.

3.2. One day prior to the transduction of sgRNAs in AML-Cas9 cells, coat a flat-bottom non-tissue-culture-treated 96-well plate with 100 µL of recombinant human fibronectin fragment at a concentration of 10 µg/mL. [1-MED] Wrap the plate with cling wrap to avoid evaporation loss and leave it on the bench overnight. [2-MED]

3.2.1. Talent at a BSL2 cell culture hood pipetting recombinant human fibronectin fragment into the wells of a flat-bottom non-tissue-culture-treated 96-well plate.
3.2.2. Talent wrapping the plate and then leaving it on the bench.

3.3. On the following day, remove the recombinant human fibronectin fragment from each well of the 96-well plate. [1-MED] Thaw the viral supernatant of each sgRNA at room temperature. [2-MED]

3.3.1. Talent (in BSL2 cell culture hood) removing the recombinant human fibronectin fragment from each well of the 96-well plate.
3.3.2. Talent setting out tubes of frozen viral supernatant at RT to thaw.

3.4. Add 50 µL of viral supernatant from each tube to each coated well of the transduction plate. [1-CU] Wrap the plate with cling wrap to avoid potential contamination during centrifugation. [2-CU] Spin the plate at 1300 x g at 35 °C for 90 minutes. [3-MED-TXT]

3.4.1. *film as written.
3.4.2. Talent wrapping the plate with cling wrap.
3.4.3. Talent putting the wrapped plate into the centrifuge and starting the spin. TEXT: 1300 x g; 35 °C; 90 min

3.5. Towards the end of the spinfection, [1-MED] count the high-Cas9 expressing clone B3 cells from the culture flask. [2-MED-TXT] After counting, spin down the required number of cells [3-MED] and resuspend in fresh medium. [4-CU-TXT] 

3.5.1. Talent taking a flask of Clone B3 cells out of the incubator.
3.5.2. Talent counting cells under the microscope. TEXT:  Refer to text protocol for generating stable and high-Cas9-expressing AML cell line clones.
3.5.3. Talent putting tube of cells into the centrifuge and starting the spin.
3.5.4. *film as written.  TEXT: 10,000 cells/100 L

3.6. After the 90-minute spinfection, use a multichannel pipette adjusted to 50 µL to remove the supernatant from all the wells slowly by tilting the plate. [1-CU] Add 100 µL of the culture of clone B3 cells to each well slowly sliding down from the rim. [2-CU-TXT] 

3.6.1. *film as written.
3.6.2. *film as written. TEXT: 10,000 cells in 100 µL volume per well.

3.7. Spin the plate at 1300 x g at 35 °C for 2 minutes to let the cells settle to the bottom. [1-MED] Transfer the plate to a 37 °C tissue culture grade incubator. [2-MED]

3.7.1. Talent putting the plate into the centrifuge and starting the spin. 
3.7.2. Talent putting the plate into the incubator. Please get multiple usable takes; shot will be repeated later.

3.8. On the following day, add 100 µL of fresh medium to each well containing sgRNA transduced cells such that the final medium volume is 200 µL. [1-MED] Return the plate to the incubator. [2]

3.8.1. *film as written.
3.8.2. Use shot from 3.7.2.  TEXT: 37 °C; 2 d

4. Competitive Growth Assay

4.1. Seventy-two hours post transduction, check the percentage of sgRNA-containing BFP positive cells in each well by flow cytometry. Use a cell viability dye to mark and exclude dead cells from the analysis. [1-WIDE/MED]

4.1.1. General shot of talent at FACS machine performing analysis.  Please get multiple usable takes; shot will be repeated later.

4.2. Continue re-plating a proportion of the cells into new wells with fresh medium after every FACS analysis to avoid overgrowth during the assay. [1-MED]

4.2.1. General shot of talent at the hood re-plating cells.

4.3. Every 2 to 3 days, repeat the FACS analysis to check the relative proportion of BFP positive cells compared to the BFP negative counterparts. [1]

4.3.1. Use shot from 4.1.1.

4.4. Analyze the percentage of BFP positive cells for each time point using a FACS analysis software. [1-MED] 

4.4.1. Talent at the computer opening up FlowJo software.

4.5. Anagha Deshpande: “The key to the success of the competitive proliferation assay is to use proper gating techniques to ensure that the eventual live cell numbers are accurate.” [1-INTERVIEW]

4.5.1.  Talent speaking to camera.

4.6. Drag the Fcs files for each sample to the software. [1-SCREEN] Double click on any one sample file and plot a dot blot of forward scatter vs. side scatter with forward scatter on the X axis and side scatter on the Y axis. Gate all the cells. [2-SCREEN]

4.6.1. Steps4-5 to 4-8 final.mp4.  ~0:07-0:16
4.6.2. Steps4-5 to 4-8 final.mp4.  ~0:17-0:37

4.7. Double click on the gated cells and plot Viability stain on the Y axis vs. forward scatter height or Area dot blot. Gate the viability stain negative cells. [1-SCREEN]

4.7.1. Steps4-5 to 4-8 final.mp4.  ~0:38-1:06

4.8. Double click on the gated live cells and plot BFP on the Y axis vs. forward scatter on the X axis. Gate the BFP positive cells. [1-SCREEN] Apply all these gates to all the samples by dragging the selected sample to All Samples under the Group tab. [2-SCREEN]

4.8.1. Steps4-5 to 4-8 final.mp4. ~1:07-1:37
4.8.2. Steps4-5 to 4-8 final.mp4. ~1:38-1:51

4.9. Click on the Table Editor to make an analysis table of all the samples. Drag the BFP-positive count from one sample to the table and click on the Display button in the Table Editor to create a batch report of all the samples with a table displaying the percentage of BFP-positive cells. [1-SCREEN] Save the table as an Excel file. [2-SCREEN]

4.9.1. Steps4-5 to 4-8 final.mp4. ~1:52-1:58
4.9.2. Steps4-5 to 4-8 final.mp4. ~1:59-2:04


5. Results:  the role of candidate genes in AML cell proliferation  

5.1. This system was used to investigate the role of genes that may play a role in the proliferation or survival of human [1-LM] and murine AML cell lines. [2-LM] 

5.1.1. Show top panel only of 58710fig4large.jpg.  
5.1.2. Add bottom panel of 58710fig4large.jpg.

5.2. Targeting the AAVS1 safe harbor locus with two separate sgRNAs had no effect on the proliferation of human MOLM13-Cas9 (Voiceover: pronounced “m.o.m thirteen cas nine”) cells. [1-LM] In contrast, when the DNA replication-associated gene RPA3 was targeted, a progressive and significant decline in the percentage of BFP-positive cells compared to the BFP-negative untransduced counterparts was observed. [2-LM] 

5.2.1. Top panel of 58710fig4large.jpg. Emphasize AAVS-sgRNA1 and AAVS-sgRNA5
5.2.2. Top panel of 58710fig4large.jpg. Emphasize RPA3-sgRNA2 and RPA3-sgRNA8

5.3. Similarly, the effects of sgRNAs targeting Dot1L, (Voiceover: “dot one L”) an epigenetic regulator, and Rhodopsin, the eye pigmentation gene, were tested in mouse MLL-AF9-Cas9 cells. [1-LM] sgRNAs targeting Dot1L showed a dramatic and progressive decline in competitive proliferation, [2-LM] in contrast to sgRNAs targeting Rhodopsin. [3-LM] These results demonstrate the vulnerability of the MLL-AF9 expressing mouse leukemia cells to Dot1L depletion, confirming previously published results. [4-LM]

5.3.1. Bottom panel of 58710fig4large.jpg. 
5.3.2. Bottom panel of 58710fig4large.jpg. Emphasize Dot1L-sgRNA3 and Dot1L-sgRNA1
5.3.3. Bottom panel of 58710fig4large.jpg. Emphasize Rho-sgRNA6 and Rho-sgRNA1
5.3.4. Bottom panel of 58710fig4large.jpg. 
	


6. Conclusion (said by authors on camera)
6.1. Anagha Deshpande: Even though we have demonstrated this method for AML cells, it can also be applied to test gene-dependencies in any cancer cell line. 
6.2. Anagha Deshpande: Assuming 4-6 sgRNAs per gene, this method is well-suited to be used for testing at least 16-24 genes in parallel.
6.3. Anagha Deshpande: In the case of a larger number of genes, such as an entire molecular pathway that needs to be tested in AML cells, pooled CRISPR-Cas9-based screens will be more useful.
6.4. Anagha Deshpande: Working with lentiviruses can be extremely hazardous and precautions such as prior approval, protective personal equipment, working in biosafety level 2 conditions, and use of recommended disinfection and disposal procedures should always be followed.   
   

Provided Media

2.1. Step 2-1-1.mp4
2.2. Step 2-1-2.mp4
4.6-4.9. Steps4-5 to4-8 final.mp4
5.1 – 5.3. 58710fig4large.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.
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