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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  
Can you record movies/images using your own microscope camera? NA
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
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, 2.3, 3.3, 4.2, 4.8 and 5.5

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.)
2.1: To enable more precise evaluation of the CRE in controlling target gene expression, the crRNAs shall be carefully selected so that they target closely to the intended deletion region.
5. Will the filming need to take place in multiple locations? N
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. Margaret H. L. Ng: Cis-regulatory elements like promoters and enhancers are key determinants of gene expression. Traditional approaches to study these elements are laborious and often involve the use of heterologous reporter genes. Here we demonstrate the use of CRISPR/Cas9 to examine the transcriptional role of a RUNX1 intronic silencer in a leukemia cell line. The protocol is simple to perform and allows fast assessments of gene regulatory functions in the endogenous gene context.

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


1.2. Chi-Keung Cheng : Hematopoietic cells are often difficult to transfect with plasmid-based methods. In this protocol, we use electroporation to deliver preassembled Cas9/guide RNA complexes into the cells. The advantages of this approach include ease of use, improved editing efficiency and cell viability, and reduced off-target effects. Also, the subsequent use of fragment analysis enables simple and fast screening of the desired mutant clones from a large amount of samples.

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

Introduction of Demonstrator: (Said by you on camera)

1.3. Margaret H. L. Ng: Demonstrating the procedure will be Yuk-Lin Yung & Terry H.Y. Wong, technicians from my laboratory. 

1.3.1. INTERVIEW: 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.

Section - Protocol
2. crRNA Design and Preparation of Cas9/gRNA RNP Complexes
2.1. Begin by designing two CRISPR (pronounce ‘crisper’) RNAs, one 5-prime and the other 3-prime of the target cis-regulatory element, or CRE (pronounce ‘C-R-E’) [1]. Ensure that a PAM (‘pam’) of NGG (‘N-G-G’) is located immediately downstream of the target sequence for Cas9 recognition [2]. Videographer: This step is difficult and important!
2.1.1. WIDE: Establishing shot of talent at a computer designing crRNAs.
2.1.2. LAB MEDIA: Figure 1. Video Editor: Emphasize and label target (red box) and PAM sequence (in purple).
2.2. To form the gRNA complex, combine the CRISPR RNA and the tracrRNA (pronounce ‘tracer R-N-A’) in TE buffer according to manuscript directions for a final duplex concentration of 44 micromolar [1]. Incubate the mixture at 95 C for 5 minutes [2] and allow it to cool to room temperature [3].
2.2.1. Talent adding the RNAs to a PCR tube. 
2.2.2. Talent putting tube in thermocycler and closing the lid.
2.2.3. Talent taking the tube out of the thermocycler and putting it on a lab bench.
2.3. Dilute the recombinant Cas9 nuclease with PBS for a final nuclease concentration of 36 micromolar [1]. Then, mix an equal volume of the diluted nuclease with each of the gRNA duplexes [2] and incubate them for 20 minutes at room temperature to allow the RNP complex to form [3]. Videographer: This step is important!
2.3.1. Talent diluting the Cas9.
2.3.2. Talent adding Cas9 to gRNA duplex.
2.3.3. Mixture incubating at room temperature.

3. Electroporation of RNP Complexes into OCI-AML3 Cells
3.1. Centrifuge 2.5 million cells in a 1.5-milliliter tube at 500 x g for 5 minutes [1], then discard the supernatant and resuspend the cells in 163 microliters of RPMI 1640 medium without phenol red [2]. 
3.1.1. Talent putting tube in the centrifuge, closing the lid, and starting it.
3.1.2. Talent resuspending cells.
3.2. Add 16.7 microliters of the RNP complex and 3.6 microliters of 100 micromolar Electroporation Enhancer to the cells [1] and transfer the mixture to a 0.2-centimeter-gap electroporation cuvette, taking care not to introduce any bubbles [2]. 
3.2.1. Talent adding RNP complex and Electroporation Enhancer to cells.
3.2.2. ECU: Talent transferring mixture to cuvette. 
3.3. Electroporate the cells [1] and transfer them to a T-25 tissue culture flask containing 6 milliliters of complete RPMI 1640 medium [2]. Incubate the cells at 37 C with 5% carbon dioxide [3]. Videographer: This step is important!
3.3.1. Talent electroporating cells. 
3.3.2. Talent transferring cells into flask. 
3.3.3. Talent putting cells in incubator. 

4. Screening and Selection of Cell Clones with Biallelic Deletions
4.1. One day after electroporation, dilute the cells to 5000 cells per milliliter in complete RPMI 1640 medium [1] and add 100 microliters of the cell suspension into each well of a 96-well tissue culture plate [2]. 
4.1.1. Talent diluting cells. 
4.1.2. Talent adding cells to a few wells. 
4.2. Culture the cells for 7 to 14 days, then extract genomic DNA using a high-throughput purification system [1]. Add 100 microliters of plate binding and lysis buffer to each well of a 96-well extraction plate [2] followed by 50,000 cells resuspended in 10 microliters of PBS [3]. Mix the well contents by pipetting up and down [4]. Videographer: This step is important!
4.2.1. Talent taking the cells out of the incubator. 
4.2.2. Talent adding buffer to extraction plate. 
4.2.3. Talent adding cells to buffer. 
4.2.4. Talent pipetting the buffer and cells to mix.
4.3. Incubate the plate at room temperature for 30 minutes to allow the genomic DNA to bind to the wells [1], then carefully aspirate the solution from the wells [2] and wash them with 120 microliters of wash buffer [3]. Air dry the plate, add 20 microliters of PCR mix to each well [4], and run PCR according to manuscript directions [5].
4.3.1. Plate incubating at room temperature. 
4.3.2. Talent aspirating solution from a few wells. 
4.3.3. Talent washing a few wells.
4.3.4. Talent adding PCR mix. 
4.3.5. Talent putting plate in thermocycler and starting PCR. Videographer: Obtain multiple usable takes of this shot because it will be reused. 

4.4. Once the amplification is complete, estimate the amount of the product by measuring the concentration of a selected number of samples with a fluorometer [1]. Dilute all samples to 0.5 nanograms per microliter with nuclease free water [2].

4.4.1. Talent measuring concentration of samples. 
4.4.2. Talent diluting a sample.

4.5. Mix 1 microliter of the diluted PCR product with 8.5 microliters of deionized formamide and 0.5 microliters of fluorescent dye-labeled size standard in a 96-well plate compatible with the genetic analyzer [1]. Cover the plate with a plate septa [2] and denature the samples at 95 C for 3 minutes in a thermocycler [3]. 

4.5.1. Talent mixing PCR product with reagents in the plate. 
4.5.2. Talent covering plate 
4.5.3. Talent putting plate in thermocycler.

4.6. Perform capillary electrophoresis to separate the labeled PCR products [1] and analyze the results on the analysis software [2].

4.6.1. Talent performing capillary electrophoresis. 
4.6.2. SCREEN: 60130_5.13_t1.mp4. (Software opening). Video Editor: Please remove the screen recording software operation at beginning and end of all three mp4 files.

4.7. Check the orange icon to view the labeled fragments in the size standard to assess the quality of size calling [1]. Then, check the blue icon to view the labeled PCR products [2]. 

4.7.1. SCREEN: 60130_5.18_t1.mp4. (Orange icon clicked). 
4.7.2. SCREEN: 60130_5.19_t1.mp4. start – 0:10 (Blue icon opened).

4.8. Identify the peaks corresponding to wild-type and mutant products and estimate the mutant level in each sample by dividing the area under the mutant peak by the sum of the area under the wild-type and mutant peaks [1]. 

4.8.1. SCREEN: 60130_5.19_t1.mp4. 0:10 – finish (Talent clicking on the peaks and area highlighted). 

4.9. Select multiple cell pools with high levels of the expected deletions for further serial dilutions [1]. Repeat the DNA extraction, fluorescent PCR and capillary electrophoresis steps and select clones with mutant levels greater than 95% for subsequent analyses [2]. 

4.9.1. SCREEN: Cell pools with high levels of expected deletions highlighted.
4.9.2. Use 4.3.5
5. Functional Analyses of Silencer Deletions with Real-time Quantitative RT-PCR

5.1. Extract total RNA from the selected clones and perform complementary DNA synthesis [1]. Mix the RNA with the poly T primer and dNTPs according to manuscript directions [2] and incubate at 65 C for 5 minutes [3]. Then, place the reaction on ice for at least 1 minute [4]. 

5.1.1. Tubes with extracted RNA. 
5.1.2. Talent mixing RNA with primer and dNTPs. 
5.1.3. Talent putting samples to incubate. 
5.1.4. Talent placing samples on ice.

5.2. Add 10 microliters of cDNA synthesis mix to the reaction [1], then incubate the sample at 50 C for 50 minutes and 85 C for 5 minutes in a thermocycler [2]. After cDNA synthesis, treat the samples with 1 microliter of RNase H [3] and incubate them at 37 C for 20 minutes [4]. 

5.2.1. Talent adding the cDNA mix to sample. 
5.2.2. Talent putting samples in thermocycler. 
5.2.3. Talent adding RNase H. 
5.2.4. Talent putting samples to incubate.

5.3. Design primers and TaqMan probes specifically for individual transcript variants generated from alternative promoters [1] and clone the DNA fragments containing the specific transcript sequences into plasmid DNA [2]. 

5.3.1. Talent at the computer designing primers. 
5.3.2. Talent cloning DNA fragments

5.4. Make a 10-fold dilution series of the recombinant plasmids as standard curves for transcript quantification [1]. 

5.4.1. Talent preparing a serial dilution  

5.5. Prepare 20 microliters of PCR mix for each sample and run the real time PCR according to manuscript directions [1]. Analyze the results and normalize the copy number of the target transcripts in each sample with a housekeeping gene [2]. Videographer: This step is important!

5.5.1. Talent putting PCR reactions into rtPCR machine and programming it. 
5.5.2. Talent at the computer analyzing rtPCR results. Videographer: Film the screen while talent performs this step.


Section – Results
6. Results: RUNX1 Intronic Silencer Deletion
6.1. This protocol has been successfully used to delete the RUNX1 (pronounce ‘run-X-1’) Intronic Silencer and the deletion was confirmed with capillary gel electrophoresis [1]. The expected sizes of the wild-type and mutant PCR products are about 500 base pairs [2] and 230 base pairs, respectively [3]. 
6.1.1. Figure 2. 
6.1.2. Figure 2 A. Video Editor: Emphasize the WT peaks.
6.1.3. Figure 2 A. Video Editor: Emphasize the MUT peaks.
6.2. The size of the mutant products can vary among the clones because of indels formed at the cleavage sites [1]. Sanger sequencing was used to confirm the identity of the deletions [2].
6.2.1. Figure 2 A. Video Editor: Emphasize the MUT peaks.
6.2.2. Figure 2 B.
6.3. The RUNX1 gene contains two promoters, P1 and P2, which produce three major mRNA transcripts: RUNX1c by P1 and RUNX1a and RUNX1b by P2 [1]. Real time quantitative PCR can be used to determine how the deletion of the silencer element affects expression of these transcripts [2].
6.3.1. Figure 3 A.
6.3.2. Figure 3 B.





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

7.1. Chi-Keung Cheng (Step 2.1): A good design of CRISPR RNAs is important for the success of the experiment [1]. Ensure that the CRISPR RNAs target closely to the intended deletion region [2]. Also, ensure that a PAM sequence is located downstream of the target sequence for Cas9 recognition [3]. 

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.1.2. Use 2.1.1.
7.1.3. Use 2.1.2.
7.2. Chi-Keung Cheng: Apart from studying CREs, this strategy can be used for gene knockout studies and serves as an alternative to RNA interference to examine gene functions. 

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.3. Margaret H. L. Ng: By combining with chromosome conformation capture techniques, CRISPR/Cas9 will certainly help decipher the involvements of CREs in altered genome organization and gene expression linked to various health problems like cancer.

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