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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)  No
Can you record movies/images using your own microscope camera? (Y/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.

2. Does your protocol include software usage? (Y/N) 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.)
5.5. 6.1, 8.3
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.)
5.6, 7.4
5. Will the filming need to take place in multiple locations? (Y/N) 
Yes, we have two rooms for experiments.
If yes, how far apart are the locations? 
These two rooms are close to each other, within 20 feet.



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. Huacheng Luo: Our pooled sgRNA-knock-out library screening is a powerful genetic approach to identify and evaluate the biological function of non-coding elements throughout the genome [1]. 

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

1.2. Huacheng Luo: Our technique allows us to examine the effects of disrupting binding site-associated chromatin boundaries or other regulatory elements on target gene expression [1].

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. Edmond Brewer: Our approach can be used to identify the role of CTCF, lncRNAs, and enhancers in HOX gene regulation during early embryonic development, as well as in certain leukemias with an aberrant HOX gene signature.  [1].

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








Section - Protocol
2. The High Titer sgRNA Library Lentivirus Generation
2.1. Begin this procedure with design of sgRNA (pronounced as individual letters) targeting CTCF binding sites, cloning of the sgRNA library, and cell preparation as described in the text protocol [1-TXT].
2.1.1. MED: Talent removes the flask of cells from the incubator. TEXT: CTCF = CCCTC-binding factor
2.2. To package the lentivirus, co-transfect HEK293T (H-E-K-2-9-3-T) cells with 20 micrograms of purified library vectors, 15 micrograms of the package plasmid, and 10 micrograms of the envelope plasmid for 48 hours before harvesting the viruses [1].
2.2.1. CU: Cells as talent adds of purified library vectors, package plasmid and envelope plasmid. Use labeled containers.
2.3. After 48 hours, collect the virus supernatant and filter it through a 0.45 micron low protein-binding PVDF membrane [1]. Next, concentrate the lentiviral supernatant by 50-fold using the concentrator [2].
2.3.1. CU: Filter as talent pours the virus supernatant through.
2.3.2. MED: Talent adds the lentiviral supernatant into the concentrator. 
2.4. Aliquot the concentrated viruses and store them in a minus 80 degree Celsius freezer [1].
2.4.1. WIDE: Talent places the aliquots viruses into the -80 degree Celsius.
3. Titration of Lentiviral Library in MOLM13 Leukemia Cells
3.1. Work in separate wells of a 12-well plate to mix MOLM13 (M-O-L-M-thirteen) cells with various doses of the concentrated lentivirus, for 6 total groups [1-TXT]. 
3.1.1. CU: Plate of cells as talent mixes them with different doses of the concentrated lentivirus. TEXT: See text for cell concentration and lentivirus doses
3.2. Immediately centrifuge these mixtures at 1,000 x g for 2 hours at 33 degrees Celsius [1]. Transfer the 12-well plates back to the incubator at 37 degrees Celsius and 5% CO2 for 4 hours [2].
3.2.1. MED: Talent places the mixtures into the centrifuge, shuts lid and starts run.
3.2.2. CU: 12-well plates as talent places them back into the incubator. 
3.3. Gently aspirate the supernatant without disturbing the cell pellet, and re-suspend the transduced cells with fresh supplemented RPMI 1640 medium [1-TXT]. Then, transfer the resuspended cells to T-25 flasks and incubate at 37 degrees Celsius for 48 hours without puromycin [2]. 
3.3.1. CU: Cell pellet as talent aspirates the supernatant and then re-suspends the pellet. TEXT: See text for medium recipe [Shots 3.3.1 and 3.3.2 combined]
3.3.2. MED: Talent transfers the resuspended cells to the T-25 flasks.
3.4. After 48 hours, split these cells into 2 flasks: an experimental group treated with 1 microliter per milliliter puromycin for 5 days, and a control group without puromycin treatment for 5 days [1].
3.4.1. MED or CU: Talent splits the cells into 2 flasks. 
3.5. Measure the optimized MOI value for transduction by dividing the number of live cells treated with puromycin by the number of cells without puromycin treatment [1-TXT]. 
3.5.1. CU: Lab notebook as talent performs the calculation for optimized MOI. TEXT: MOI = multiplicity of infection
4. Transduction of the Pooled CRISPR-Cas9 KO Library
4.1. To transduce the cells with the pooled library, infect 1.5 million MOLM13 cells in a 6-well plate with 0.3 MOI of sgRNA pooled lentivirus in medium [1-TXT]. Use the cells without the lentivirus infection as a control [2].
4.1.1. CU: 6-well plate of cells as talent infects them. TEXT: supplemented RPMI medium  + 8 µg/mL coating medium [Shots 4.1.1 and 4.1.2 combined]
4.1.2. MED: Talent sets up the control plate.
4.2. Immediately centrifuge the 6-well plate at 1,000 x g for 2 hours at 33 degrees Celsius to spinfect the cells [1]. Then, transfer the plates back to the incubator at 37 degrees Celsius and 5% CO2 for 4 hours [2].
4.2.1. CU: Centrifuge as talent places the plates there.
4.2.2. MED: Talent transfers the plates back to the incubator at 37 degrees Celsius and 5% CO2.
4.3. Gently aspirate supernatant without disturbing the cell pellet, and re-suspend the transduced cells with fresh medium [1]. Then, transfer the cells to T-25 flasks and incubate at 37 degrees Celsius for 48 hours without puromycin [2].
4.3.1. CU: Cells as talent aspirates the supernatant and re-suspends the transduced cells with fresh medium.
4.3.2. MED: Talent places the T-25 flasks into the incubator.
4.4. After 48 hours, treat the cells with 1 microgram per milliliter puromycin for 5 days [1]. Exchange for fresh medium after 2 days and maintain an optimal cell density [2].
4.4.1. CU: Cells as talent adds puromycin.
4.4.2. MED: Talent exchanges the medium.
4.5. Seed the single clone in 96-well plates with limiting dilution methods [1]. Incubate these single clones at 37 degrees Celsius and 5% CO2. Culture them for 3 to 4 weeks [2].
4.5.1. CU: 96-well plate as talent works to seed the single clone with limiting dilution methods.
4.5.2. CU: Plate as talent places it into the incubator.
5. Screening of the Pooled CRISPR-Cas9 KO Library with One-Step RT-qPCR
5.1. Count the sgRNA integrated MOLM13 cells with 0.4% trypan blue solution staining and then transfer 10,000 live cells per well to a 96-well PCR plate [1].
5.1.1. MED: Talent transfers the counted cells into a 96-well PCR plate. 
5.2. Centrifuge the plate at 1,000 x g for 5 minutes, and then thoroughly remove and discard the supernatant with a pipet. Avoid disturbing the cell pellet [1]. 
5.2.1. ECU: Well of centrifuged plate as talent removes the supernatant without disturbing the cell pellet.
5.3. After washing the cells as described in the text, add 50 microliters of the cell lysis master mix to each well [1-TXT]. 
5.3.1. CU: Plate as talent adds cell lysis master mix to each well. TEXT: See text for all solutions
5.4. Pipet up and down 5 times to re-suspend the cell pellet [1]. Incubate the mix for 10 minutes at room temperature [2]. Then, transfer the mixture to 37 degrees Celsius for 5 minutes and then 75 degrees Celsius for an additional 5 minutes [3].
5.4.1. CU: Plate as talent re-suspends the cell pellet.
5.4.2. MED: Talent leaves the mix to incubate at room temperature.
5.4.3. CU: Plate as talent places in the incubator.
5.5. Now, add 1 microliter of cell lysate to the PCR wells containing the RT-qPCR reaction mix. This mix includes the marker gene’s forward and reverse primer, reverse transcriptase, and one-step reaction mix [1-TXT]. 
5.5.1. MED: Talent adds 1 microliter of cell lysate to the PCR wells with the RT-qPCR reaction mix. Use labeled containers. TEXT: See text for volumes and concentrations 
5.6. Run the reverse transcription reaction for 10 minutes at 50 degrees Celsius, followed by polymerase inactivation and DNA denaturation for 1 minute at 95 degrees Celsius [1].
5.6.1. CU: Plate as talent moves it from 50 degrees Celsius to 95 degrees Celsius.  (Author Comment: We used a machine with computer parameters to run this reaction, it will be in the video)
5.7. Perform RT-PCR with 40 cycles of PCR reaction as detailed in the text protocol [1].
5.7.1. MED: Talent runs the PCR reaction.
6. Verification of Integrated sgRNAs Positive Clones through Genotyping and Sanger Sequence
6.1. Verify the HOXA9 (hox-A-9) decreased expression clones through Sanger sequencing and perform PCR with MOLM13 genome DNA as described in the text protocol [1]. Extract and purify the PCR products with a PCR Purification Kit [2-TXT].
6.1.1. MED: Talent places the samples into the PCR machine.
6.1.2. CU: PCR purification kit tube as talent loads the sample there. TEXT: Size 285 bp
6.2. Ligate the purified PCR products into the T vector with T4 ligation buffer, T vector DNA, PCR DNA, and T4 ligase [1-TXT]. Place the ligation mix into an incubator at 16 degrees Celsius overnight [2]. 
6.2.1. MED: Talent sets up the ligation reaction. TEXT: See text for volumes and concentrations
6.2.2. MED or CU: Plate as talent places in an incubator at 16 degrees Celsius.
6.3. Transfer the ligation mix into DH5-alpha competent cells and plate on an LB ampicillin antibiotic agar plate [1]. Incubate the plates overnight at 37 degrees Celsius [2].
6.3.1. CU: Plate as talent plates the cells there.
6.3.2. MED: Talent places the plates into the incubator.
6.4. Pick the single clones from the LB plate and verify them by genotyping and Sanger sequencing [1].
6.4.1. CU: Plate as talent picks the single clones.
7. Detection of sgRNAs Induced Indel Mutation by Nuclease Digestion Assay
7.1. Set up the heteroduplex mixture group with 200 nanograms of the “reference” and 200 nanograms of “test” PCR amplicons in a 0.2 milliliter PCR tube [1]. Include the homoduplex mixture group with only 400 nanograms of “reference” PCR amplicons as a control [2].
7.1.1. CU: Labeled tubes as talent sets up the heteroduplex mixture group. Use labeled containers. 
7.1.2. CU: Labeled tubes as talent sets up the homoduplex mixture group. Use labeled containers. [Shots 7.1.1 and 7.1.2 combined]
7.2. Separately incubate the heteroduplex and homoduplex mixture at 95 degrees Celsius for 5 minutes in a 1 Liter beaker filled with 800 milliliters of water [1]. 
7.2.1. CU: 1 Liter beaker filled with 800 milliliters of water at 95 degrees Celsius as talent places the labeled tubes there.
7.3. Then, cool down the mixtures gradually to room temperature to anneal and form the heteroduplex or homoduplex [1]. 
7.3.1. MED: Talent takes the beaker off the heat.
7.4. Now, separately digest 400 nanograms of the annealed heteroduplex and homoduplex mixture with 1 microliter of indel mutation detection nuclease and 2 microliters of nuclease reaction buffer at 42 degrees Celsius for 60 minutes [1].
7.4.1. CU: Heteroduplex and homoduplex mixture as talent adds 1 microliter indel mutation detection nuclease and 2 microliters of nuclease reaction buffer. Use labeled containers.
7.5. Analyze the digested samples with agarose gel electrophoresis [1]. The heteroduplex mixture DNA should be cut into small fragments, and the homoduplex DNA should not be cut [2-TXT]. 
7.5.1. MED: Talent loads the agarose gel.
7.5.2. CU: Gel as talent cuts out the fragments. TEXT: Homoduplex = 320 bp







Section – Results
8. Results: Pooled CRISPR-Cas9 KO Library Screening and Identification 
8.1. sgRNA-targeting MOLM13 positive clones were confirmed with the RT-qPCR method based on the expression levels of HOXA9 genes through comparison with the control cells [1]. 
8.1.1. LAB MEDIA: Figure 4-new.pdf 
8.2. Out of the 528 surviving clones screened, 10 clones exhibited more than 50% reduction in HOXA9 levels [1]. 
8.2.1. LAB MEDIA: Figure 4-new.pdf – Video editors, please emphasize the 10 blue arrows.
8.3. sgRNAs integrated into the HOXA9-reduced… [1], HOXA9-unchanged… [2], and HOXA9-increased clones [3] were further confirmed by PCR amplification of the sgRNA and identification by Sanger sequence [4]. 
8.3.1. LAB MEDIA: Figure 4-new-2.pdf – Video editors, please emphasize the red bars as “the HOXA9-reduced” is narrated.
8.3.2. LAB MEDIA: Figure 4-new-2.pdf – Video editors, please emphasize the blue bars.
8.3.3. LAB MEDIA: Figure 4-new-2.pdf – Video editors, please emphasize the purple bars.
8.3.4. LAB MEDIA: Figure 4-new-2.pdf
8.4. Six of ten clones showing a reduction in HOXA9 levels contained sgRNAs targeting the CBS-seven-nine site, as determined by Sanger sequencing [1]. 
8.4.1. LAB MEDIA: Figure 4-new-2.pdf – Video editors, please emphasize the 6 green arrows.
8.5. Indel mutations of integrated sgRNA positive clones were determined [1] by PCR-based genotyping… [2] and nuclease digestion [3]. 
8.5.1. LAB MEDIA: Figure 5-new.pdf
8.5.2. LAB MEDIA: Figure 5-new.pdf - Video editors, please emphasize the left-most panel.
8.5.3. LAB MEDIA: Figure 5-new.pdf - Video editors, please emphasize the right-most panel.
8.6. The heterozygous deletion of the CTCF site, located between HOXA7 and HOXA9 genes, was identified by PCR-based genotyping [1]. HOXA9-decreased clones: 5, 6, 28, and 121, exhibited deletion in the CBS-seven-nine boundary location [2]. 
8.6.1. LAB MEDIA: Figure 5-new.pdf - Video editors, please zoom into the left-most panel
8.6.2. LAB MEDIA: Figure 5-new.pdf - Video editors, emphasize the black arrows.
8.7. Similar results were observed for the Indel mutations in the CBS-seven-nine site that were analyzed by the nuclease digestion assay [1].
8.7.1. LAB MEDIA: Figure 5-new.pdf - Video editors, staying zoomed in, please pan over to the rightmost figure and emphasize the orange arrows.


Section - Conclusion
9. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
9.1. Edmond Brewer: When performing this procedure, it is important to make equal amounts of heteroduplexes and homoduplexes to detect sgRNA-induced Indel mutations through the nuclease digestion assay [1].

9.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
9.2. Edmond Brewer: Our approach enables the utilization of the selective marker to carry out next-generation sequencing of the target gene to discover the gene’s effects on leukemogenesis [1].

9.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
9.3. [bookmark: _GoBack]Edmond Brewer: Our approach provides a basis for the functional characterization of annotated genetic regulatory elements during normal biological processes and leukemogenesis in the post-human genome project era [1].
9.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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