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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)  Y
Can you record movies/images using your own microscope camera? (Y/N) Y
We have a camera with a screen in the cell culture room. We also have an inverted Zeiss microscope to take images/videos of cells.
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.
EVOS Core XL and Zeiss Axiovision Observer D1
2. Does your protocol include software usage? (Y/N) N
3. Which steps from the protocol section below are the most important for viewers to see? 
Steps 3.2. and 3.3 - Preparation of viral plasmid mixture
Steps 4.1 and 4.2 - An understanding of how to pipet a standard curve and compare to unknowns is critical to this protocol.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Steps 3.1-3.7 generating quality viral particles.  Success of this step entails following the appropriate protocol and measuring the p24 viral count to ensure adequate production of viral titers.
5. Will the filming need to take place in multiple locations? (Y/N) N
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)

Why is your protocol significant? 

1.1. David Padua:  Non-coding RNAs often have multiple isoforms that are expressed.  In in vitro over-expression studies, it is often difficult to study all these expressed isoforms.  This technique allows the user to drive expression directly from the genome and enable the cells to express the endogenous isoforms for a particular non-coding RNA [1].

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

What is the main advantage of this technique?

1.2. David Padua:  This powerful technique allows the user to specifically direct the expression of any gene in the genome with fidelity and accuracy.  By designing guide-RNAs to specific genes, one is able to use the endogenous gene-splicing machinery to express the natural isoforms in a given cell [1].

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. David Padua: Demonstrating the procedure will be Robert Rankin a post doc from my laboratory [1] [2].  

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.





Section - Protocol
2. Vector Design and Generation
2.1. To design the guide RNA sequence which is located within 100 base-pairs of the transcriptional start site, use genetic databases such as BLAT (pronounced as one word: “blat”) to make sure that the guide RNA is unique to the gene of interest [1-TXT]. Store the guide RNA and the deactivated Cas9 (pronounced: “cas·nine”) plasmids at 4 degrees Celsius [2] [3-TXT].
2.1.1. LM: Supplemental figure – BLAT, top panel. TEXT: gRNA; Commercially available plasmids were used Video editor: Please show text overlay when the VO says, “guide RNA”. TEXT: Upstream of “NGG” sequence, “N” for any nucleotide Video editor: Please show text overlay when the VO says, “located within 100 base-pairs of the transcriptional start site”.
2.1.2. MED: Talent transfers the gRNA and dCAS9 into a refrigerator. TEXT: dCas9; Commercially available viruses were used Video editor: Please show text overlay when the VO says, “deactivated Cas9”. 
2.1.3. LM: Supplemental figure - gRNA design. TEXT: http://crispr-era.stanford.edu 
2.2. Streak out E. coli (pronounced: “e·koh·lahy”) on a Luria (pronounced: “loo r·ee·uh”) broth agar plate with ampicillin and grow the bacteria overnight at 37 degrees Celsius [1-TXT] [2]. The next day, pick a colony and grow the bacteria in 5 milliliters of LB with ampicillin overnight, vigorously shaking the plate in a 37 degrees Celsius incubator [3] [4].
2.2.1. CU: Talent streaks out E. coli on an LB agar plate marked with a black marker. TEXT: LB Video editor: Please show text overlay when the VO says, “Luria broth”.
2.2.2. MED: Talent transfers the LB plate to an incubator. 
2.2.3. ECU: Talent picks a single colony with a pipette tip and immerses the tip into the tube containing LB + AMP. 
2.2.4. MED: Talent transfers the tube to an incubator shaker. 
2.3. The next day, add 2 milliliters of bacteria to 200 milliliters of LB with ampicillin in a 2-liter flask, vigorously shaking the flask overnight in a 37 degrees Celsius incubator [1] [2].
2.3.1. CU: Talent adds 2 mL of the bacteria to 200 mL of LB + AMP.
2.3.2. MED: Talent transfers the tube to an incubator shaker. 
2.4. Spin down the bacteria at 3,724 x g for 20 minutes and proceed to DNA purification [1-TXT].  
2.4.1. MED: Talent closes the centrifuge lid and presses the start button. TEXT: Use a plasmid purification kit per the manufacturer’s protocol Video editor: Please show text overlay when the VO says, “proceed to DNA purification”.
3. Virus Generation 
3.1. To create the dCAS9-containing lentivirus (pronounced: “len·​ti·​vi·​rus”), first coat 100-millimeter tissue culture dishes with 5 milliliters of 0.01 percent poly-L-lysine (pronounced: “poly·​l​·ly·sine”) [1], and plate 5 million HEK293T (pronounced: “heck·​2​·9·3·t”) cells per dish in 10 milliliters of complete Dulbecco’s (pronounced: “dool·​beh​·koh”) modified Eagle’s medium [2-TXT].
3.1.1. CU: Talent adds 5 mL of 0.01% poly-L-lysine into a 100 mL tissue culture dish.
3.1.2.  MED: Talent adds HEK293T cells to a tube containing 10 mL of DMEM. TEXT: DMEM Video editor: Please show text overlay when the VO says, “Dulbecco’s modified Eagle’s medium”. 
3.2. Then, prepare DNA transfection samples by mixing 10 micrograms of an LTR (pronounced: “l·​t·r”) -containing guide RNA vector or an LTR-containing deactivated Cas9 vector with plasmids containing components of viruses [1-TXT]. Add water to a total volume of 450 microliters …and filter the mixture through a 0.2-micron filter tip attached to a syringe [2].
3.2.1. MED: Talent adds plasmids to different tubes. TEXT: 6.5l pMDLg/pRRE (gag/pol), 3.5l pMDG2.G (VSV-G), 2.5 l pRSV-Rev, and 10 microLiters dCas9-VP64 Video editor: Please show text overlay when the VO says, “plasmids containing components of viruses”.
3.2.2. MED: Talent adds water to a tube and filters the mixture through a 0.2 M filter tip attached to a syringe. Videographer: Please obtain multiple takes, this is repeated.
3.3. Next, add 50 microliters of 2.5-molar calcium dichloride to each transfection sample of the DNA and mix gently [1]. Filter the calcium-DNA mixture through a 0.2-micron filter tip attached to a syringe [2]. Pipette 500 microliters of 2x HBS (pronounced: “h·​b·s”) into a 5-milliliter polystyrene tube [3]. Add 500 microliters of the calcium-DNA mixture dropwise and gently vortex [4]. Incubate at room temperature for 3 minutes [5]. 
3.3.1. MED: Talent adds 50 l of the CaCl2 to a DNA sample and inverts the tube a few times. 
3.3.2. Reuse 3.2.2
3.3.3. CU: Talent adds 500 l of 2x HBS to a 5 mL tube and adds 500 l of the Ca-DNA solution to the same tube dropwise.
3.3.4. MED: Talent puts the tube on a vortex mixer and leaves the tube on a tube rack at room temperature. Show a timer set to count down from 3 minutes in the shot.
3.4. Add 1 milliliter of the DNA-Calcium-HBS suspension to each HEK293T-containg tissue culture dish [1] and incubate them in a 5 percent carbon dioxide incubator at 37 degrees Celsius overnight [2].
3.4.1. CU: Talent adds DNA-Calcium-HBS suspension to one of the HEK293T-containg tissue culture dishes.
3.4.2. MED: Talent transfers the dishes to an incubator. Videographer: Please obtain multiple takes, this is repeated.
3.5. On day 3, slowly remove and discard the media from the dishes [1]. Carefully wash the cells with PBS once [2]. Add 6 milliliters of complete DMEM (pronounced: “d·​m​·e·m”) supplemented with 20 millimolar HEPES (pronounced: “hee·​pees”) and 10 millimolar sodium butyrate (pronounced: “bu·​ty·​rate”) [3]. Then, incubate the cells in a 5 percent carbon dioxide incubator at 37 degrees Celsius for 5 to 6 hours [4].
3.5.1. CU: Talent removes the media from one of the dishes.  
3.5.2. MED: Talent washes the cells with PBS. Videographer: Please obtain multiple takes, this is repeated.
3.5.3. MED: Talent adds 6 mL of the media. 
3.5.4. Reuse 3.4.2
3.6. After the incubation, wash the cells with PBS once [1] and add 5 milliliters of complete DMEM with 20 millimolar HEPES to the HEK293T cells [2]. Incubate the cells in a 5 percent carbon dioxide incubator at 37 degrees Celsius for 12 hours [3].
3.6.1. Reuse 3.5.2
3.6.2. MED: Talent adds 5 mL of the DMEM to one of the dishes.
3.6.3. Reuse 3.4.2
3.7. On day 4, collect the HEK293T cell supernatants and filter the supernatant containing the virus [1]. 
3.7.1. CU: Talent does few actions to collects cell supernatants and to filter it. 
4. Particle Count using p24 Enzyme-Linked Immunosorbent Assay Kit
4.1. To begin the viral particles counts, first dilute the wash concentrate from the p24 (pronounce: “p·twenty·four”) ELISA (pronounce: “ee·lie·za”) kit by adding 19 parts of distilled deionized water [1]. Then, dilute the positive control from the kit to 200 nanograms per milliliter using RPMI (pronounce: “r·p·m·i”) 1640 as the diluent [2], and make dilutions for a standard curve in 1.5-milliliter tubes according to the p24 ELISA dilution table [3].
4.1.1. MED: Talent dilutes the wash concentrate. 
4.1.2. MED: Talent dilutes the positive control. 
4.1.3. MED: Talent makes dilutions from the positive control for a standard curve in 1.5-mL tubes. 
4.2. To measure the concentration of the virus within the samples, add the sample dilutions to the designated wells of a 96-well plate starting from 1 to 1000 dilution and modify the volume as necessary in order to be within the range of the standard curve [1]. 
4.2.1. MED: Talent adds the dilutions to few wells. 
4.3. Then, dilute the samples with Triton X-100 to a final concentration of 0.5 percent and add 200 microliters of each sample in RPMI 1640 to the designated wells [1]. Seal the plate and incubate it at 37 degrees Celsius for 2 hours [2].
4.3.1. MED: Talent dilutes few samples with the TX-100 and adds them to few wells.
4.3.2. MED: Talent seals the plate and transfers it to an incubator. Videographer: Please obtain multiple takes, this is repeated.
4.4. Wash the plate with 300 microliters per well of the 1x wash buffer 6 times [1]. Remove any excess fluid by inverting the plate and tapping it on a paper towel [2]. Then, add 100 microliters of detector antibody from the kit to all wells except the substrate blank [3]. 
4.4.1. CU: Talent washes few wells once. Videographer: Please obtain multiple takes, this is repeated.
4.4.2. MED: Talent inverts the plate and taps it on a paper towel few times. Videographer: Please obtain multiple takes, this is repeated.
4.4.3. CU: Talent adds the antibody to few wells. 
4.5. Seal the plate and incubate it at 37 degrees Celsius for 1 hour [1]. Wash the plate and, then, remove any excess fluid by inverting the plate and tapping it on a paper towel [2] [3].
4.5.1. Reuse 4.2.3 4.3.2
4.5.2. Reuse 4.3.1 4.4.1
4.5.3. Reuse 4.3.2 4.4.2
4.6. In order to measure the detector antibody, dilute the streptavidin (pronounces: “strep·​ta·​vi·​din”)-horseradish peroxidase (pronounces: “per·​ox·​i·​dase”) at 1 to 100 dilution with SA-HRP (pronounced: “s·a·h·r·p”) diluent [1-TXT]. Mix the diluted SA-HRP thoroughly and add 100 microliters to all wells except the blank [2]. Seal and incubate the plate at room temperature for 30 minutes [3].
4.6.1. MED: Talent dilutes the antibody. TEXT: Prepare “SA-HRP” within 15 minutes of use Video editor: Please show text overlay when the VO says, “streptavidin-horseradish peroxidase”.  
4.6.2. CU: Talent pipettes up and down a couple of times and adds 100 l to few wells.
4.6.3. MED: Talent seals the plate and leaves it at room temperature. 
4.7. Next, wash the plate with the 1x wash buffer and tap away any excess liquid [1] [2]. Drop one ortho-phenylenediamine (pronounces: “phe·​nyl·​ene·​di·​amine”) tablet in 11 milliliters of the substrate diluent to make enough substrate solution for one plate [3-TXT]. Vortex the OPD solution vigorously to dissolve it completely and protect it from light [4-TXT].
4.7.1. Reuse 4.3.1 4.4.1
4.7.2. Reuse 4.3.2 4.4.2
4.7.3. CU: Talent adds the tablet to 11 mL of the substrate diluent. TEXT: “OPD” provides the necessary substrates to produce chemiluminescence Video editor: Please show text overlay when the VO says, “ortho-phenylenediamine.” 
4.7.4. MED: Talent puts the OPD solution on a vortex mixer, and puts a cover on it. TEXT: Make the substrate solution within 15 min of preparation Video editor: Please show text overlay when the VO says, “make enough substrate solution for one plate.”
4.8. Add 100 microliters of OPD substrate solution to all wells, including the blank [1]. Using a spectrophotometer, read absorbance at 450 nanometers immediately. Repeat 10 times at 1 second intervals, and take the average measurement [2] [3].
4.8.1. CU: Talent adds the OPD solution to few wells. 
4.8.2. MED: Talent takes the sample to the spectrophotometer.
4.8.3. CU: Shot of the spectrophotometer’s LCD display showing the absorbance at 450 nm.

5. dCas9, and gRNA Tansduction, Selection and Clone Creation
5.1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Resuspend and culture Jurkat (pronounce: “jer·ket”) T cells in a T75 flask with a density of 1 million cells in 5 milliliters of the reduced serum media with polybrene (pronounce: “poly·breen”) [1]. 
5.1.1. MED: Talent does few actions to culture cells in a T75 flask.  
5.2. Then, add HEK293T-conditioned media containing 1 million dCas9-containing viral particles [1-TXT]. Incubate the cells at 37 degrees Celsius with 5 percent carbon dioxide [2]. 
5.2.1. MED: Talent adds HEK293T-conditioned media. TEXT: 1 μg/mL p24 = 1 x 107 viral particles
5.2.2. MED: Talent transfers the flask to an incubator. Videographer: Please obtain multiple takes, this is repeated.
5.3. Three days post-infection spin down the cells at 233 x g for 5 minutes [1] and resuspend them in 10 milliliters of complete DMEM supplemented with puromycin (pronounce: “pure·oh·my·sin”) [2]. Culture the cells in T75 flasks [3] and incubate them at 37 degrees Celsius with 5 percent carbon dioxide [4]. 
5.3.1. MED: Talent closes the centrifuge lid and presses the start button. Videographer: Please obtain multiple takes, this is repeated.
5.3.2. CU: Talent resuspends the cells in 10 mL of the media. 
5.3.3. MED: Talent adds the cells to a flask.
5.3.4. Reuse 5.2.2
5.4. Every third day, for a period of 9 days, spin down the cells at 233 x g for 5 minutes [1] and replace the media with the complete DMEM supplemented with puromycin [2].
5.4.1. Reuse 5.3.1
5.4.2. MED: Talent replaces the media.
5.5. Count the cells using a hemocytometer or an automated cell counter [1]. Then, on a 96-well plate treated with tissue culture, plate 10,000 cells in 100 microliters of the complete DMEM supplemented with puromycin in the first well [2]. Make 1 to 1 serial dilutions of the contents of the following wells with the complete DMEM supplemented with puromycin [3-TXT]. Incubate the cells at 37 degrees Celsius with 5 percent carbon dioxide [4]. 
5.5.1. MED: Talent does few actions to count the cells with a hemocytometer. [Author Note]: was broken into 2 shots, loading the cells onto the slide and then putting the slide into the counter.
5.5.2. CU: Talent adds 100 l of DMEM to the first well of a 96-well plate and then adds the cells to the well.
5.5.3.  CU: Talent does few actions to make serial dilutions of the contents of the following few wells. TEXT: Perform 24 dilutions and repeat 4 times per plate 
5.5.4. Reuse 5.2.2
5.6. Expand clonal cells into two 24-well plates [1]. Then plate 2 million cells per well of a 6-well plate for three of the clones. Plate the other three wells with non-transduced Jurkat cells as controls [2]. Finally plate the cells into a T75 flask [3], and put the cells in a cell culture incubator overnight [4].
5.6.1. MED: Talent adds the cells to a 24-well plates. Show the two plates on the bench.
5.6.2. MED: Talent adds the cells to a 6-well plate. 
5.6.3. MED: Talent adds the cells to a flask.
5.6.4. Reuse 5.2.2
5.7. To begin quantitative PCR to measure gene expression, first synthesize complementary DNA by adding 1 microgram of RNA, 4 microliters of cDNA synthesis buffer and 1 microliter of reverse transcriptase to 250 microliters tubes. Then, add water to a final volume of 20 microliters [1]. 
5.7.1. CU: Talent adds RNA, cDNA, reverse transcriptase, and water to a 250 l tube. TEXT: cDNA Video editor: Please show text overlay when the VO says, “complementary DNA.” TEXT: Include no reverse transcriptase controls Video editor: Please show text overlay when the VO says, “1 microliter of reverse transcriptase.”
5.8. Then, use a thermal cycler at 42 degrees Celsius for 30 minutes and at 95 degrees Celsius for 5 minutes to inactivate the reverse transcriptase [1]. Dilute the cDNA with 60 microliters of water after the synthesis [2].
5.8.1. CU: Talent closes the thermal cycler lid and adjusts the program. 
5.8.2. MED: Talent opens the thermal cycler lid and adds water to one of the cDNA tubes. [Author Note]: was broken into 2 shots, loading the tubes into the thermal cycler and then adding water into the tubes at the bench.
5.9. Run polymerase chain reactions for tubes containing 0.5 microliters of each forward and reverse primer at a final concentration of 10 micromolar, 5 microliters of SYBR green and 4 microliters of cDNA [1-TXT]. 
5.9.1. CU: Talent adds all reagents to a tube and transfers the tube to the thermal cycler. TEXT: Step 1 = 95 °C for 3 min, Step 2 = 95 °C for 10 s, Step 3 = 60 °C for 10 s. Repeat Steps 2 and 3 for 30x [Author Note]: shot was just adding the samples to the plate.  We did not transfer the plate to the PCR machine
5.10. Finally, select Jurkat-dCas9 cells in DMEM supplemented with hygromycin B (pronounce: “hy·​gro·​my·​cin B”) for 10 days [1-TXT]. Spin down the cells and change the media every 3 days [2]. Purify RNAs and proceed to RT-qPCR (pronounced: “r·t·q·p·c·r·”). 
5.10.1. CU: Talent does few actions to select Jurkat-dCas9 cells. TEXT: Re-transduce validated Jurkat-dCas9 cells with gRNA-containing viruses
5.10.2. Reuse 5.3.1


Section – Results
6. Results: Using CRISPR Technology to Overexpress Multiple Splice Variants of a lncRNA
6.1. In this study, gRNA sequences that were within 10 to 100 base pairs away from the transcriptional start site were used for directing the Cas9-activating complex to the transcriptional locus of IFNG-AS1(pronounced: “i·f·n·g·antisense·one”) … a long noncoding RNA associated with inflammatory bowel disease [1].
6.1.1. LM: Figure 1A. 
6.2. To enable the selection of double-transduced cells, a two-plasmid system was used to transduce either dCas9 or gRNAs-enhancers into cells [1]. Here, MS2 (pronounce: “m·s·two”) proteins enhanced the overexpression of IFNG-AS1[2].
6.2.1. LM: Figure 1B. Video editor: Please emphasize the plasmid on the left when the VO says: “dCas9” and emphasize the plasmid on the right when the VO says: “gRNAs/enhancers”. 
6.2.2. LM: Figure 1B plasmid on the right. Video editor: Please emphasize the MS2-P65-HSF1 scaffold (gray box on the plasmid). 
6.3. Cas9 expression was confirmed for both clones [1]. Primers against HPRT1 were used to confirm the presence of RNA in the non-transduced cells [2]. mRNA expression was confirmed by omitting the reverse transcriptase from the cDNA reaction [3]. 
6.3.1. LM: Figure 2B. Video editor: Please emphasize two bands (Clone #1 and Clone #2) of the first lane (dCAs9).
6.3.2. LM: Figure 2B. Video editor: Please emphasize four bands (Parental, Clone #1, Clone #2) of the second lane (HPRT1).
6.3.3. LM: Figure 2B. Video editor: Please emphasize the “NO RT” section. 
6.4. Three splice variants of FNG-AS1 could be detected with either transcript-specific primer sets, or a primer set against all known IFNG-AS1 transcripts [1].
6.4.1. LM: Figure 3A. Video editor: Please emphasize the red arrows when the VO says: “transcript-specific primer sets”, and emphasize the blue arrow when the VO says: “primer set against all known IFNG-AS1 transcripts”.
6.5. All fluorescence curves were exponential with the housekeeping gene HPRT1 (pronounced: “h·p·r·t·one”) reaching the exponential phase within a half cycle between control and IFNG-AS1-gRNA-expressing cells [1].
6.5.1. LM: Figure 3B and 3C. PCR curves on the left panels. 
6.6. Primers against all known IFNG-AS1 transcripts were the most detectable between experiments with measurements of 20-fold increases in IFNG-AS1 expression [1]. However, the third transcript of IFNG-AS1 showed a five-to-tenfold significant increase in IFNG-AS1 levels.
6.6.1. LM: Figure 3B. Bar plot on the right. 
6.6.2. LM: Figure 3C. Bar plot on the right.
2.1. 

Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) 

What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
7.1. David Padua: (Steps 3.1-3.7) To accurately overexpress your desired gene, design of the guide RNA in Step 2.1 is critical to success of the protocol. Additionally, production of quality viral particles will ensure a robust expression of your protocol components [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.  
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. David Padua:  Once the desired gene is overexpressed, functional studies can be performed to investigate gene mechanisms. In our example, we chose to look at cytokine production following overexpression of our gene of interest [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.  
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. David Padua:  This technique has been initially developed by the Gersbach lab in 2013 and has been broadly applied and elaborated on by other groups. We were excited to apply this technique to long non-coding RNAs to explore their specific functions [1].
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.  
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
7.4. David Padua:  Replication-defective lentiviruses should be handled in a laboratory that has been approved for viral work. Additionally, human cell lines and E. coli bacteria are considered biohazardous. Lastly, recombinant DNA plasmids should be handled by trained staff [1].
7.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.   
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