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1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

The overall goal of this procedure is to create a gene knock out cell line by introducing a disruptive mutation at a specific genomic locus with a CompoZr Custom zinc finger nuclease (Intro).  This is accomplished by first analyzing the DNA sequence of the target gene with the CompoZr algorithm to generate in silico ZFN designs (P1).  The ZFNs are assembled, delivered to cells by nucleofection, and screened for activity at their respective gene target sites. (P2).  For generating a knockout cell line, the cell type of interest is first treated with an active ZFN (P3), then this  population is segregated to single-cells, and finally these clonal populations are expanded for additional genotypic characterization. (P4)  Clones with disruptive NHEJ events at the target site my be studied  further in the context of functional gene knockout. (P5)  Ultimately, sequence analysis and subsequent experiments are required to understand changes in cellular phenotype as a result of the ZFN-mediated genetic modification. (P6)
P1 – Figure 1.ai, lab media for 2.7
P2 – 3.3.1 to begin then 3.4.2 at identify
P3 – Figure 3.ai A
P4 – Figure 3.ai B-D
P5  - Figure 3.ai E-H

P6 – Figure 5.ai
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  We only need a few of the provided statement to be read.  I’ve crossed out parts that the author should not read.
1.1. The main advantage of this technique over existing methods, like traditional homologous recombination, is that CompoZr ZFN-enabled gene editing allows researchers to create specific and predictable genetic modifications in any cell type or organism without the need for selection.
This method can help answer key questions in the biological field, such as the function of any particular gene that a biologist researches or modify a gene to create a desired phenotype for basic or applied research.  An example being the tagging of a gene for localization studies that don’t inhibit normal gene function.  
ZFN applications like gene knockout can help to elucidate various aspects of a gene’s function.  Disease alleles may be recreated in cells or organisms to replicate and study the human condition.  This method can help to answer key biological questions in ways not before possible.
The implications of this technique extend toward therapy of genetic diseases, because ZFNs can be used to modify a specific locus or loci if desired.  

Though this method can provide insight into basic research it can also be applied to other systems, such as bioproduction to increase manufacturing yields in the biotechnology industry.

1.2. Generally, individuals new to this method will struggle because they haven’t optimized the transfection protocol for their cell type to deliver the ZFNs with the highest possible rate of efficiency.  Visual demonstration will help, because the assays to determine ZFN efficiency are difficult to learn and the Cel-I assay is novel to most researchers.   

Use Intro take 8 and IntroA take 2 -Matt
Protocol (read by voice talent at JoVE):

2. Initiating the ZFN Design Process
2.1. To apply for a custom-ZFN, fill out a form and submit it to a sales representative.  Be prepared to fill out the gene name, species, gene annotation/identification number as well as the overall objective of the experiment.
2.1.1. WID: talent picks up form off printer

2.1.2. MED: talent copying information off computer onto form, screen should show ZFN design info
2.2. Specific information to report on the target gene may include aspects such as atypical gene structure, special biology implicated in the genetic locus and any homologous regions elsewhere in the genome.
Use Video Capture 2.2.1 for shots 2.1 through 2.2 -Matt

LAB MEDIA: ZFN_order_form.pdf
2.3. Ideally, designate the specific range of DNA sequence you wish the ZFNs to.  (TEXT: > 200 bp).
2.3.1. MED: talent at computer with gene sequence program open, cuts and pastes sequence into an online form
2.4. A ZFN scientific technical consultant conducts a preliminary feasibility study on the target gene using simplified informatics methods.  These studies focus on identifying unique regions of sequence containing sufficient number and quality of zinc finger-binding motifs that are conducive to performing gene knockout.

2.4.1. WID: talent #2, the “ZFN technical consultant”, opens document on computer
2.4.2. MED: over the shoulder, a completed ZFN order form held by talent #2 

2.4.3. WID: talent #2 conducting some aspect of “feasibility study” at computer showing talent #2 at work with order form
2.5. Customers whose projects have a clear strategy are provided immediate price quotes, however, the consultant contacts customers with more complex projects. Once the customer approves a project strategy a quote is generated. 
2.5.1. WID: talent #2 dialing phone, says hello to talent #1 and begins explaining some good news about the order

2.5.2. MED: talent #1 picks up phone, slide in split screen, says hello to talent #2, is being told some good news, smiling and listening.
2.6. Upon placement of the ZFN order, the ZFNs are designed in silico and whole genome off-target sites are predicted.   Repeat masking and SNP analysis are also performed for each potential ZFN target site. 
2.6.1. WID: talent #3 and #4, “bioinformatics team members” working on computers

2.6.2. MED: either of above typing/mousing and creating a ZFN design on screen

2.6.3. CU: screen showing the ZFN design

Use video capture file 2.6.3 -Matt

2.7. The top ZFN target sites are then made available for the customer to review and approve before ZFN production

2.7.1. MED: talent #1 looking over print-out of ZFN design

LAB MEDIA: proposed ZFN design document  
2.8. Dave Briner: Many investigators ask “Will ZFNs work for my project?”   To best answer this question we should consider the following aspects of any gene targeting objective:  1) can you successfully deliver and express transgenes at moderate levels in your cell line or cell type of interest? 2) can you isolate and subsequently expand single-cell clones? 3) does one expect a deleterious phenotype associated with functional knock out of the gene target?  Answers to these three questions may not absolutely dictate project feasibility, but will factor heavily in the speed and efficiency with which the investigator is able to create a knockout cell line with ZFNs.
2.8.1. WID: Dave delivers lines to camera.  This is quite long and may not work, but if it does, it will be a useful addition to the video. Remind Dave to relax and paraphrase.
(TEXT: Can you deliver/express transgenes at moderate levels in vitro?)
(TEXT: Can you isolate and expand single-cell clones?) 

(TEXT: Is there a negative phenotype associated with gene knock out?)
3. Custom ZFN Production and Validation
3.1. Sigma uses its archive of zinc finger modules to assemble the customer approved ZFN designs.  Each ZFN design is assembled and sequence-verified on a high throughput cloning platform.  

3.1.1. WID: talent removing part of ZFN library from storage Use Take 1 -Matt
3.1.2. MED: talent sorting through for ZFNs library and picks out what’s needed Use Take 1 -Matt
3.1.3. MED:  tecan robot doing liquid handling for PCR setup use in house footage 3.1.3 and 3.1.3a  -Matt
3.1.4. MED: tecan robot side view use In house footage 3.1.4 -Matt
3.2. Then, ZFNs are delivered in plasmid DNA format to the relevant well-characterized cell line and become sufficiently expressed after 24-48 hrs post-delivery.
3.2.1. WID: talent preparing to transfect cells with selected ZFNs use take 1 -Matt
3.2.2. MED: transfecting cells with ZFN plasmids use take 3 -Matt
3.3. A Cel-1 assay is conducted on the PCR products and ZFN activity is assessed by gel electrophoresis.

3.3.1. Genomic DNA is then harvested from each pool of ZFN treated cells, followed by PCR amplification of the ZFN target site. 
3.3.2. WID: talent loading gel for Cel-1 assay use in house footage 3.3.2a , 3.3.2b, 3.3.2c or combination of  -Matt
3.3.3. MED: talent loading a gel into transilluminator and visualization of Cel-I gel use in house footage 3.3.3a and 3.3.3b -Matt
3.4. The highest activity ZFN design is delivered to the customer.  Additionally, positive control genomic DNA from ZFN-treated cells is provided along with PCR primers for reproducing the results shown in the Certificate of Analysis provided with each kit.
3.4.1. Talent packs custom ZFN components into box and tosses off screen use take 2 –Matt
3.5. Transition from ZFN production to use Talent catches box containing custom ZFN components use take 2 -Matt
3.5.1. WID: talent #1 unpacks box containing everything delivered with this order type

3.5.2. CU: each tube of mRNA and plasmid DNA is placed on an frozen tube block or on ice, they are set down so their labels can be read: mRNA, plasmid DNA, control genomic DNA and primer DNA should be set down in this order

3.5.2a ECU of components on ice -Matt
3.5.3. MED: talent unpacking the certificate analysis and looking it over (VC of cofa) Not filmed, not needed -Matt
4. Delivery of Validated ZFNs by Nucleofection

4.1. To verify the delivered ZFNs, begin by seeding the cells at a density of 200,000 cells per ml the day before their nucleofection.
4.1.1. WID: talent at hood, setting up cell cultures

4.1.2. MED: places cultures in incubator
4.2. The next day count the cells; proceed if their density between 250 and 500 thousand cells per milliliter.
4.2.1. WID: talent taking a sample form cell culture use take 2 -Matt
4.2.2. MED: loading sample into cell counter
4.3. From a Cell Line Nucleofector Kit V at room temperature, add the supplement to the Nucleofection Solution V according to the manufacturer’s protocol. 
4.3.1.  MED: Cell Line Nucleofector Kit V on bench, unpacked, talent about to add the supplement use take 2 -Matt
4.3.2. CU: ejecting the supplement into “solution V” vial/tube
4.4. Now, fill a 6-well plate with 2 ml of medium per well and warm the plate in an incubator for at least 20 minutes. (TEXT: CO2, 37 °C, >20 min) 
4.4.1. MED: filling 6well plate with medium

4.4.2. WID: loading plate into incubator
4.5. While warming the plate, centrifuge 2 million cells per transfection (TEXT: 200 x G, 5 min).
4.5.1. MED: loading and turning on centrifuge
4.6. Remove the supernatant and gently resuspend the cells in 10 ml of HBSS.  Then, repeat the wash procedure once or twice more.
4.6.1.  CU Media removal -Matt

4.6.2. ECU: supernatant removed from tube with visible cell pellet multiple take for reuse, 1 blue gloves, 2 green gloves -Matt
4.6.3. CU: adding 10 ml solution back to tube and mixing cells into it

4.7. Dave Briner: Typically ZFNs delivered in mRNA format will substantially outperform those delivered in plasmid DNA format.  When delivering ZFNs in mRNA format it is very important to take certain precautions against degradation- wash your cells with 2-3 large volumes of PBS or HBSS in order to remove serum-derived Rnases.  Also, keep the mRNA on ice during all steps, and add and mix the mRNA to the cells at the last possible moment before necleofection.
4.7.1. WID: talent at bench interview style use take 6 -Matt
4.7.2. Reuse: 4.5.1 – begin clip with “When delivering…” in narrative
4.7.3. Reuse 4.6.2 

4.7.4. Reuse 4.6.3 – end just before “Also, keep…..” in narrative
4.8. Next, prepare the experimental tubes according to the table in the Custom ZFN tech bulletin.

4.8.1. WID: talent at bench looking at bulletin

4.8.2. CU: over the shoulder, looking down at bulletin, talent pointing out parameters of interest on table
4.9. For each transfection, resuspend the cells in 100 µL of Nucleofection Solution V.
4.9.1. MED: unloading tubes from centrifuge use take 2 -Matt
4.9.2. ECU: adding 100 μL solution V to pellet of cells use take 1, shot is too long cut tube loading -Matt
4.10. Preparing one reaction at a time, add 100 µL of cells to each DNA or mRNA-containing tube.  Then, transfer each mixture to a 2 mm electroporation cuvette and “nucleofect” the cells with the appropriate program.
4.10.1. MED: loading up cells into pipette and ejecting them into DNA or mRNA-containing tube we used multiple takes to simulate multiple nucleofections as noted here: take 1=tube 1, take 2-tube 2, take 3=tube 6 -Matt
4.10.2. MED: tansfering mix to cuvette use take 3 -matt
4.10.3. MED: loading cuvette in Nucleofector we used multiple takes to simulate multiple nucleofections as noted here: take 3=tube 1, take 4-tube 2, take 5=tube 6 -Matt
4.11. Immediately after the nucleofection of each sample, use a transfer pipette to add one half mL of warmed medium from a well of the prepared 6-well plate.  
4.11.1. MED: loads pipette from plate

4.11.2. CU: adds ½ mL of medium to cuvette
4.12. Carefully transfer the cells from the cuvette back the remaining medium in that well.

4.12.1. MED: moving cells from cuvette back to plate

4.13. Finish all reactions and return the plate to the incubator.

Shots 4.11 through 4.13 are combined into one shot use 4.11.1 -Matt

4.13.1. Reuse 4.4.2
5. Cel-1 Assay
5.1. 1 to 3 days post-nucleofection, isolate genomic DNA using the GenElute Mammalian Genomic DNA Miniprep Kit … without harvesting all of the pooled cells.
5.1.1. MED: on bench talent is opening GenElute Mammalian Genomic DNA Miniprep Kit

5.1.2. MED: pan across bench that shows everything ready to go to do Miniprep
5.2. Next, use the supplied primers to PCR amplify the genomic DNA from the ZFN transfected samples and the positive control genomic DNA provided in the kit. (TEXT: Consult the tech bulletin for the PCR conditions.)

5.2.1. MED: talent at bench, loading PCR tubes with reagents use take 4 -Matt
5.2.2. CU: loading PCR machine and closing lid use take 2 -Matt
5.3. Digest each PCR product with 1 ul of enhancer and 1 ul of Nuclease S.  Incubate them at 42 °C for 20-40 minutes.
5.3.1. ECU: loading pipette from vial labeled Nuclease S

5.3.2. MED: ejecting loaded tip into PCR tube

5.3.1 and 5.3.2 were combined into one shot -Matt

5.3.3. MED: placing the tubes in 42 °C block
5.4. Then, run the digestions on a 10% PAGE-TBE gel with proper markers, such as DirectLoad WideRange DNA Ladder.

5.4.1. ECU/CU: lane of PAGE-TBE gel is loaded with solution containing dye, several lanes already loaded

5.4.2. MED: closing lid on gel apparatus use take 2 -Matt
5.5. Once a positive signal has been detected in ZFN-treated populations by the Cel-1 assay, proceed to clonal isolation and characterization.
5.5.1. MED: talent unloads the gel use take 2 -Matt
5.5.2. WID: loading gel into gel reader and then looking at screen to see results
6. Clonal Isolation and Characterization (57)
6.1. After single-cell cloning the ZFN-treated samples and allowing the clones to expand sufficiently, harvest a proportion of the cells for genomic DNA.  Continue culture of the remaining cells or freeze back as banked material.
6.1.1. WID: talent unloading “expanded single-cell clones” from incubator

6.1.2. WID: talent prepares to bench with required solutions for gDNA extraction and gets to work on the first step of the process use take 3 -Matt
6.2. Amplify the genomic DNA using the Cel-1 primers and analyze the amplicon by Cel-1 assay with and without wild type DNA.  Alternatively, use this amplicon to proceed directly to genotyping.
6.2.1. MED: removing a PCR reaction from machine

6.2.2. WID: loading PCR products into new tubes
6.3. Genotype candidate clones by sequencing or other preferred methods.

6.3.1. MED: talent looking over a sequencing run on a computer screen
7. Estimated ZFN Activity from the Cel-1 Assay
7.1. The Cel-1 assay was used to estimate the activity of a pair of ZFNs in K562 cells.  The G lane represents the positive control and the Z lane shows cut products, from which the frequency of mismatched PCR fragments is estimated.  From this data, an estimation of ZFN activity came to 21%, which is very high.
LAB MEDIA: Figure 4
7.2. The Cel-1 assay was used to estimate the activity of another pair of ZFNs in K562 cells.  This ZFN pair was significantly less active than the other, but still effective.  It is estimated to have created indels in 2.4% of the cell population.
LAB MEDIA: Figure 5
8. Conclusion (said by authors on camera)

8.1. Dave Briner: With good technique and understanding the whole process from ZFN delivery to identification of knockout clones can be completed in about 4 weeks.  
8.2. One of the most important considerations is to optimize the delivery and expression of the ZFNs in your cell type of interest.  This will ensure the highest levels of gene editing and result in generating and identifying knockout clones ..

8.3. Following this procedure, other methods like RT-PCR and western blot can be performed in order to further characterize the phenotype resulting from the gene targeting event
The ability to modify a cell’s genome with ZFNs in a targeted and specific manner gives researchers a very powerful tool for biological study.  Creating gene knockout cell lines in this manner allows one to study  Alternatively, ZFNs may be used to recreate disease alleles in cells or organisms to replicate and study the human condition.  These methods can help to answer key biological questions in ways not before possible.
8.4. After its development, this technique paved the way for researchers in the field of biology to explore the potential application of ZFN-enabled gene editing in oncology, gene therapy for therapeutic applications or any other field in the biological sciences where there is interest to elucidate the function of a specific gene.

8.5. After watching this video, you should have a good understanding of how to create a gene knockout using CompoZr ZFNs.

Provided Media
ftp://ftp.jove.comfiles/ftp_upload/3304/Figure 1.ai

ftp://ftp.jove.comfiles/ftp_upload/3304/Figure 2.ai

ftp://ftp.jove.comfiles/ftp_upload/3304/Figure 3.ai

ftp://ftp.jove.comfiles/ftp_upload/3304/Figure 4.ai

ftp://ftp.jove.comfiles/ftp_upload/3304/Figure 5.ai
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