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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? Y NikonSMZ1500
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N 

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.) _3.5-3.9__________________________________________

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.) __3.6-3.8_________________________

E.  Will the filming need to take place in multiple locations? N
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. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to genetically engineer human pluripotent stem cells using modern genome-editing technology. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Dirk: This method can help answer key questions related to human cell biology and development, such as how individual genes affect the ability of stem cells to differentiate. 

1.2. Dirk: The main advantage of this technique is that allows for the creation of cell lines with defined genetic properties.  
1.3.  Dirk: I first had the idea for this method, when I realized that disease modeling using human cells is challenged by the variability of the genetic background of cell lines derived from different individuals. {This shot has been moved from 1.5 to here, subsequent shots are adjusted accordingly}
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.4. John: Though this method can provide insight into stem cell biology, it can also be applied to other systems, such as human disease modeling.

1.5. John: Generally, individuals new to this method will need to practice colony isolation before becoming proficient at this procedure.

1.6. John: Visual demonstration of this method is critical as the identification and picking of undifferentiated stem cell colonies requires an experienced eye.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
Demonstrator already providing interview statements. 

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving human stem cells have been approved by the UC Berkeley Stem Cell Research Oversight Committee.
Protocol (read by voice talent at JoVE):

2. Editing Pluripotent Stem Cells

Note to videographer – all plating steps will be performed in a tissue culture hood. 

2.1. Begin by culturing human pluripotent stem cells [2.1.1-MED-TXT] in hESC (pronounced as letters H.E.S.C) media [2.1.2-MED-TXT] on a 6-well plate containing mitomycin C-inactivated mouse embryonic fibroblast, or ‘MEF’ (pronounced as a single word “meff”), feeder cells grown on gelatin [2.1.3-MED-TXT]. 
2.1.1. Talent at the TC hood pipetting hPSCs into a 6-well plate containing MEFs. 2.1.1-2.1.3 is a continuous shot. Shot listing has been broken up to indicate text placement. (TEXT: hPSCs)
2.1.2. Talent at the TC hood pipetting hPSCs into a 6-well plate containing MEFs. 2.1.1-2.1.3 is a continuous shot. Shot listing has been broken up to indicate text placement. (TEXT: See written protocol for media composition)
2.1.3. Talent at the TC hood pipetting hPSCs into a 6-well plate containing MEFs. 2.1.1-2.1.3 is a continuous shot. Shot listing has been broken up to indicate text placement. (TEXT: 2.4× 106 MEFs/plate)
2.2. Each subsequent day after plating until the hPSCs reach 50% confluency [2.2.1-MED], use a glass pipette and vacuum to remove the entire volume of media [2.2.2-MED-over the shoulder]. Replace with 3 milliliters of warm hESC media per well [2.2.3-CU].  
2.2.1. Talent retrieves the 6-well plate of cells from the incubator. Something about Talent’s appearance has changed to indicate that it is a different day. 
2.2.2. *film as written. 
2.2.3.  3 ml of media is pipetted into a well of the plate. 

2.3. One day before targeting, remove hESC media and add fresh, prewarmed hESC media supplemented with 10 micromolar Y-27632 [2.3.1-MED].
2.3.1. *film as written. Ensure that media bottle is clearly labeled with ‘hESC +Y-27632’ or similar. 
2.4. Also prepare one to two 6-well plates of drug resistant MEF feeder cells from DR4 mice [2.4.1-MED-over the shoulder-TXT]
2.4.1. Talent pipetting MEF feeder cells into two gelatin coated 6-well plates. TEXT: 2.4× 106 cells/plate

2.5. On the day of targeting prepare the transfection solutions by pipetting 5 micrograms of zinc finger nuclease expression plasmid 1 and 2 [2.5.1-CU], TALEN 1 and 2 (pronounced as a single word “talen” like talent without the ‘t’) expression plasmid or 15 micrograms of the CRISPR/Cas9 (pronounced as words: “crisper” “cass nine”) px330 (pronounce as letters and numbers) encoding plasmid into a 1.5 ml tube 

2.5.1. [2.5.2 to 2.5.3 combined] Talent working in the TC hood with a rack containing 3 microcentrifuge tubes and the tubes of ZFN 1 and 2, TALEN 1 and 2 and CRISPR/Cas9 px330. Talent pipettes from a tube labeled ‘ZFN 1 and 2 mix’ into one of the empty microfuge tubes. 

2.5.2. Talent pipettes from a tube labeled ‘TALEN 1 and 2 mix’ into one of the empty microfuge tubes. 

2.5.3. Talent pipettes from a tube labeled ‘px330’ into the last microfuge tube. 

2.6. Add 30 micrograms of the repair donor plasmid [2.6.1-MED], followed by enough 1X Phosphate Buffered Saline to bring the volume to 300 microliters [2.6.1-MED]. 

2.6.1. Talent quickly pipettes repair donor plasmid into each tube. 

2.6.2.  Talents pipettes from tube of PBS and adds to first microfuge tube. 
2.7. Inspect cells under a microscope [2.7.1-MED] to ensure 50% confluency [2.7.2-SCOPE]. Next, use a glass pipette and vacuum to remove the media from the plate of hPSCs, then wash the cells with 2 milliliters of warm 1X PBS [2.7.3-MED]. 

2.7.1. Added Shot: Talent at scope with plates {Comment: 2.7.1 and 2.7.2 have been inserted, what was 2.7.1 is now 2.7.3} 
2.7.2. Added Shot: Shot of 50% confluent hESCs under scope

2.7.3. *film as written. 

2.8. After aspirating the PBS [2.8.1-MED], add 0.5 milliliters of 0.25% Trypsin-EDTA solution directly onto the cells [2.8.2-CU]. Place in the tissue culture incubator for approximately 10 minutes [2.8.3-WIDE-TXT] or until the feeder layer begins to lift off the plate [2.8.4-CU].
2.8.1. PBS is aspirated from the last well of the plate. 

2.8.2. *film as written. 

2.8.3. Talent places plate in the incubator and closes the door. TEXT: 37oC, 5% CO2,  3% O2, 10 minutes
2.8.4. Show the feeder layer lifting off the plate. 

2.9. Following the incubation, add 2 milliliters of warm esWash media (pronounced “E.S. wash”) to each well to stop the trypsin reaction [2.9.1-MED-TXT]. 

2.9.1. *film as written. TEXT: See written protocol for media composition
2.10. Collect the cells from each well ensuring that the feeder cells come off as a sheet [2.10.1-CU]. Pipette the contents of each well into a single 50-milliliter conical tube, combining all wells and triturate the cells using a 10 ml serological pipette [2.10.2-MED].
2.10.1. Cells being collected from one or two wells. 
2.10.2. [2.10.2 to 2.10.3 combined] *film as written. 
2.10.3. *film as written. 
2.11. Add esWash media to bring the cell suspension to 40 milliliters [2.11.1-MED]. Wait 1 to 2 minutes to allow large feeder chunks to settle at the bottom of tube [2.11.2-CU-TXT]… then remove the supernatant using a serological pipette and deposit into a fresh 50 ml conical tube [2.11.1-MED].
2.11.1. *film as written. 
2.11.2. Show feeder chunks sinking. TEXT: 1 – 2 minutes. 
2.11.3. *film as written. 
2.12. After centrifuging the cell suspension for 5 minutes at 190 x g [2.12.1-MED-TXT], aspirate the supernatant without disturbing the cell pellet [2.12.2-CU]. Re-suspend the cells in 500 microliters of 1X PBS [2.12.3-MED – over the shoulder]. 
2.12.1. Talent lifts the centrifuge tube out of the centrifuge. Ideally a pellet will be visible. TEXT: 5 minutes at 190 x g. 
2.12.2. *film as written. 
2.12.3. *film as written. 
2.13. Combine the re-suspended cells with the plasmid transfection solution prepared earlier [2.13.1-CU]. [2.13.2-MED].
2.13.1. *film as written. 
2.13.2. Talent loading a hemocytometer or automated cell counter (whichever is used by the lab) with the cell/transfection mix. 
2.14. Pipette the cells in transfection mixture into a 4 mm electroporation cuvette [2.14.1-MED], and place on ice for 3-5 min [2.14.2-CU-TXT].
2.14.1. *film as written. 
2.14.2. *film as written. TEXT: 3 – 5 minutes. 
2.15. Set the parameters for the exponential program on the electroporation system to 250 volts, 500 microfarads, infinite resistance, and 4 mm cuvette size [2.15.1-CU-TXT]. Electroporate the cells [2.15.2-MED], and then place the cuvette back on ice for 3 minutes [2.15.3-MED-TXT].
2.15.1. If it is possible to film the display as talent sets the parameters then please do so. If not then a film MED-over the shoulder shot of talent setting the parameters without detail with TEXT: 250 V, 500 µF, ∞ resistance, 4 mm cuvette. 
2.15.2. Talent performs the manipulations to start the electroporation. 
2.15.3. *film as written. TEXT: 3 minutes. 
2.16. Re-suspend electroporated cells in 18 milliliters of warm hESC media supplemented with 10 micromolar Y-27632 [2.16.1-MED]. Inspect the DR4 MEFS under a microscope [2.16.2-MED] [2.16.3-SCOPE].  Plate 3 milliliters of this single cell suspension into each well of a 6-well plate containing DR4 feeder cells [2.16.4-CU], and return to the incubator [2.16.5-WIDE]. 
2.16.1. Talent pipettes 18 ml from a bottle clearly labeled ‘hESC + 10(M Y-27632’ or similar and resuspends the cells. 
2.16.2. Added Shot: Talent bringing the DR4 plate to the scope
2.16.3. Added Shot: Scope shot of healthy DR4 MEFs
2.16.4. *film as written. 
2.16.5. *film as written. 
2.17. On day three after plating replace the media on the cells with hESC media without Y-27632 [MED – over the shoulder]. 
2.17.1. *film as written. Ideally Talent will be wearing something different to show that this is different day from 2.16 but this may be tricky if all that is seen is a lab coat. 
2.18. On day four, replace the un-supplemented media with media containing the appropriate selection antibiotic. Puromycin is used here [2.18-1-MED-TXT]. 

2.18.1. Talent changes the media, pipetting from a bottle labeled ‘hESC + Puromycin’. Ideally Talent will be wearing something different again. TEXT: Change media daily until day 12 after plating. 
3. Picking Transfected Colonies
3.1. On the day before colony picking, prepare one 12-well plate of MEF feeder cells for each colony to be picked [3.1.1-MED-TXT]. 
3.1.1. Talent pipettes MEF cell suspension into the wells of a 12 well-plate. TEXT: 2.4× 106 cells/plate. 
3.2. On day 12 after plating examine the plate under a dissection microscope [3.2.1-MED]. Identify colonies of 800 to 1200 microns in diameter that are ready to be picked [3.2.1-SCOPE]. Ensure that those colonies do not contain cells that are beginning to differentiate such as the one shown here [3.2.3-SCOPE]. Also ensure that the cells are expressing GFP [3.2.4-MED]. 
3.2.1. Talent places the plate on the stage of the dissection microscope and looks through the eyepiece. 

3.2.2. LAB MEDIA: 53583_Hockemeyer_Figure2A. Authors please upload the left panel of figure 2 as a single image without caption to your JoVE file with the filename shown here.  Link as before: http://www.jove.com/files_upload.php?src=16342863 Scope shot of healthy hESCs ready to be picked
3.2.3. LAB MEDIA: 53583_Hockemeyer_Figure2B. As above. Scope shot of unhealthy differentiated hESCs
3.2.4. Added Shot: Talent at the scope inspecting cells for GFP expression.

3.3. On the day of picking, Inspect MEFs under the microscope [3.3.1-MED] to ensure that they are healthy [3.3.2-SCOPE]. Remove all media from the MEF feeder cell plates and replace with 1 milliliter of hESC media [3.3.3-MED –over the shoulder]. 
3.3.1. Added Shot: Talent at scope

3.3.2. Added Shot: Shot of MEFs under the scope

3.3.3. *film as written. 
3.4. Also, change the hESC media on the 6-well hPSC plates that are going to be picked [3.4.1-MED].
3.4.1. *film as written. 
3.5. Next, pull glass pipettes for picking colonies [3.5.1-MED][3.5.2-CU-TXT]. 
3.5.1. *film as written. Talent is in the hood pulling glass pipettes
3.5.2.  *film as written. TEXT: See the written protocol for details on pulled glass pipette preparation. As above, but close up
3.6. To pick colonies, first place the plate of hPSCs onto the stage of the dissection microscope in the tissue culture hood, assemble the picking device by placing the glass pipette end into the suction bulb [3.6.1-MED], identify the colony to be picked, and place the tip of the pulled glass pipette over the colony [3.6.2-SCOPE]. 
3.6.1. *film as written. 
3.6.2. *film as written. Video editor – it would be good if we could animate a circle around the colony that is about to be picked. Jo 
3.7. Then compress the bulb of the picking device [3.6.1-MED-continuous] to gently excise and cut an individual colony into 10 to 20 equally sized pieces [3.7.1-SCOPE-TXT]. 
3.7.1. Talent’s hand compresses the bulb. *film as written. Get shots of two or 3 colonies being picked. Shot will be reused once. TEXT: Take care not to release the pieces into the media. {comment: Video editor should cut in between 3.6.1 and 3.7.1 according to the text. 3.6.1 is now a continuous shot that encapsulates the non-scope shots of 3.6-3.8} 
3.8. Next, draw the excised pieces of colony into the pipette by releasing the bulb. Try to take as little media as possible while transferring [3.6.1-MED-continuous]. 
3.9. Compress the bulb to transfer the now broken colony directly into one well of a 12-well MEF feeder cell plate [3.9.1-CU]. Label each well to allow unique identification of single-cell derived clones [3.9.2-MED-over the shoulder]. Change the glass pipette and repeat the procedure for the next colony [3.9.3-MED]. 
3.9.1. *film as written. 
3.9.2. *film as written. 
3.9.3. Talent changes the pipette and then looks through the microscope as if to begin the procedure again. 
3.10. Return the plates to the incubator [3.10.1-MED-over the shoulder]. and gently rock the plates to disperse the cells in the well [3.10.2-MED].
3.10.1 and 3.10.2 have been switched
3.10.1. *film as written. 

3.10.2. *film as written. 

3.11. The next day remove the full volume of media and replace with 1.5 milliliters of warm hESC media. Repeat for 10 to 12 days until the cells are 50% confluent [3.11.1-MED]. 
3.11.1. *film as written. The removal and addition of the media should cover the whole of the narration. 
3.12. After 10-12 days, inspect the hESCS under the scope [3.12.1-MED][3.12.2-SCOPE],  pick one to two colonies from each well [3.12.3-SCOPE], and transfer to new 12-well MEF feeder cell plates to generate a replica plate [3.12.4-MED-over the shoulder]. Extract DNA from the remaining colonies in each well of the original plates for genotyping by PCR or Southern blot [3.12.5-MED]. 
3.12.1. Added Shot: Talent at scope

3.12.2. Added Shot: Inspecting colonies under scope

3.12.3. Use 3.7.1 Colony being picked. {Comment: Changed shot number to reflect earlier changes}
3.12.4. *film as written. 

3.12.5. Talent pipetting lysis buffer onto plates. (TEXT: See the written portion of the protocol for details) 
4. Results: Comparison of EGFP-Positive and Targeted TALEN, ZFN and CRISPR/Cas9 Human Stem Cell Colonies. 
4.1. WIBR#3 (pronounced We Brr 3”) human embryonic stem cells were targeted at the AAV-S1 locus using site-specific nucleases and a repair template to introduce an EGFP reporter and a puromycin resistance cassette [4.1.1-LM]. These representative images show colonies edited with ZFNs, TALENs and CRISPR/Cas9 [4.1.2-LM]. 
4.1.1.  LAB MEDIA: 53583_Hockemeyer_Figure3. Highlight the ‘EGFP’ label on the figure in time with the narration. 

4.1.2. LAB MEDIA: 53583_Hockemeyer_Figure3. Highlight the ‘ZFN, TALEN and CRISPR/Cas9’ labels on the figure in time with the narration. 
4.2. These representative PCR genotyping results show untargeted… heterozygous… and homozygous targeted clones using ZFNs, TALENs and CRISPR/Cas9 alongside a wild type control [4.2.1-LM].  
4.2.1. LAB MEDIA: 53583_Hockemeyer_Figure4A. Place a box around the first band in the TALEN, ZFN and Cas9 lanes when “untargeted” is narrated, around the two bands in the middle lane when “heterozygous” is narrated and around the third and final band when “homozygous” is narrated. 
4.3. This table shows the PCR verified integrations at the AAV-S1 locus for each site-specific nuclease in this experiment compared to Southern blot verified proper single integrations in previous experiments. CRISPR/Cas9 yielded the most correctly targeted clones, while the TALEN platform had the most homozygously targeted clones. 

4.3.1. LAB MEDIA: 53583_Hockemeyer_Table3. Highlight the bottom row of the table while “CRISPR/Cas9 yielded the most correctly targeted clones” is narrated and the middle row when “while the TALEN platform had the most homozygously targeted clones” is narrated. 
5. Conclusion (said by authors on camera)
5.1. John: Once mastered, the hands on time of this technique is about 3-5 hours if it is performed properly and edited cells are obtained within about 3 weeks of the start of the experiments

5.2. John: While attempting this procedure, it’s important to remember to work safely and with sterile technique.

5.3. John: Following this procedure, stem cell differentiation can be performed in order to determine how the genetic manipulation affects the function of other cell types, like neurons.

5.4. John Dirk: After its development, this technique paved the way for researchers to perform gene editing of human cells to establish in vitro models of human disease. {Comment: Dirk now says these two lines}
5.5. John Dirk: After watching this video, you should have a good understanding of how to genetically engineer human stem cells using modern genome-editing technology 
Provided Media

All of the necessary media is included above with the representative results, everything else can be filmed on site.
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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