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Title: Employing digital droplet PCR to detect BRAF V600E mutations in formalin-fixed paraffin-embedded reference standard cell lines
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Authors, please check the answers to the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Y___Steps 2.8, 2.9, 2.10. 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.
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.) _2.2, 2.4, 3.6, 3.7, 4.1, 5.3_
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.) __4.1. Using a multi-channel pipette is ideal for transferring the droplets emulsions. Slow and gentle aspiration of droplets is recommended to minimize droplet shearing during transfers.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y__Within the same building, same floor___ If yes, how far apart are the locations? __6 m__


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 experiment is to isolate human genomic DNA from formalin-fixed paraffin-embedded reference standard cell lines using a tissue preparation system, followed by analyzing the BRAF V600E mutations in the genomic DNA using digital droplet PCR. (Intro)

I wasn’t sure if it was B-R-A-F or “Braff” as one word, so I did 2 takes.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Nirmal Rajasekaran: ddPCR can help answer key questions in molecular oncology, such as the presence and abundance of rare sequence mutations and quantification of nucleic acid at low template copy numbers. 
1.2. Myung Ryurl Oh: Although these methods are being demonstrated in FFPE standard cell lines, they can also be used in other biopsy samples. Just make sure you optimize the conditions for isolating your DNA of interest. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Bohyun Byun: This tissue preparation system can be used to isolate up to 48 samples of contaminant-free human genomic DNA within 4 hours.
1.4. Hyun-Jeung Choi: When compared to other manual procedures, this system is somewhat expensive per preparation because of the usage of magnetic beads. However it is safer and produces nucleic acids of high quality.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. Myung Ryurl Oh : Demonstrating the procedure will be Kim Sung-Su, a graduate student, and Si Eun Kim, a technician, from my laboratory. Let’s get started
1.5.1. Interview style: Author saying the above 
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.






Protocol (read by voice talent at JoVE):

2. DNA Extraction from FFPE reference standard cell lines

2.1. DNA extraction will be performed in a fully automated DNA isolation instrument using the Tissue Preparation System, or TPS, protocol. [2.1.1 – WIDE/MED] Start by turning on the instrument and the computer. [2.1.2 – MED] Open the Run control software and insert an auto load tray into the TPS deck loading area. [2.1.3 – MED]

2.1.1. Talent approaching the instrument.
2.1.2. *film as written.
2.1.3. *film as written.

2.2. Next, dispense reagents into their corresponding troughs as shown in this figure. [2.2.1 – LM] Place the 4 samples in the sample carrier racks. [2.2.2 – MED]

2.2.1. Figure 1.docx
2.2.2. Talent placing the BRAF WT, BRAF V600E 50%, 5% and 1% samples in the sample carrier racks.

2.3. Ensure proper mixing of the lysis buffer and wash buffers by inverting them 3–5 times, [2.3.1 – MED] and then load them into the respective troughs in column 4. [2.3.2 – MED][2.3.3 – LM]

2.3.1. Talent inverting the lysis buffer 3-5 times.
2.3.2. Talent loading buffers into the respective troughs in column 4.
2.3.3. Figure 1.docx.  Highlight column 4 (lysis buffer, Wash 1, Wash 2, Wash 3).

2.4. After inverting a few times or mild vortexing, [2.4.1 – MED] load the elution buffer, magnetic beads, and FFPE buffer into the small troughs in column 5, leaving 2 slots empty where indicated. [2.4.2 – MED] [2.4.3 – LM] 

2.4.1. Talent inverting one of the buffers a few times.
2.4.2. General shot of talent loading buffers into troughs in column 5.
2.4.3. Figure 1.docx.  Highlight column 5.

2.5. Load a 2-mL deep-well plate onto the plate carrier. [2.5.1 – MED] 

2.5.1. *film as written.

2.6. Before starting a run, uncap all tubes and reagent troughs. [2.6.1 –MED] Confirm that sufficient capacity is available in the liquid waste bottle, and that the solid waste bottle is empty and lined with a biohazard bag. [2.6.2 – MED] Confirm that the tip eject plate is centered in the waste assembly. [2.6.3 – MED]

2.6.1. Talent uncapping tubes and reagent troughs.
2.6.2. Talent checking the liquid and solid waste bottles.
2.6.3. Talent centering the tip eject plate.

2.7. Close the front cover. [2.7.1 – MED]

2.7.1. *film as written.

2.8. Start the software. [2.8.1 – MED] Open the ‘NA_Prep_Main_MLSTARlet.med’ file. [2.8.2 – SCREEN]

2.8.1. Over the shoulder shot of talent at computer starting the software.
2.8.2. Screen shot of open ‘NA_Prep_Main_MLSTARlet.med’ file.

2.9. Click “Start.” The instrument status will switch from idle to running. [2.9.1 – SCREEN]

2.9.1. “Start” being selected.

2.10. Enter the number of samples for this run. Choose the desired method for this run (DNA = 0). [2.10.1 – SCREEN] Enter the position of the first high volume tip, selecting “1” if all trays are full. Enter the position of the first standard volume tip, selecting “1” if all trays are full. [2.10.2 – SCREEN]

2.10.1. Number of samples entered followed by selection of method for the run.
2.10.2. Position of first high volume tip entered as “1” and then position of the first standard volume tip entered as “1”.

2.11. The instrument will run through the automated steps without user intervention. [2.11.1 – WIDE] A detailed workflow is shown here. [2.11.2 – LM]  

2.11.1. Talent walking away from the instrument.
2.11.2. Figure 2.docx
2.11.1. An extra shot was added (to show the instrument movement)

3. Digital droplet PCR: Droplet generation

3.1. To avoid contamination, follow standard precautions, such as wearing gloves and using a clean PCR hood, clean pipets, and low-protein-binding tubes. [3.1.1 – MED] 

3.1.1. Talent by hood putting on gloves and setting out clean pipets and low-protein-binding tube.

3.2. Assemble the reaction mixtures in PCR tube strips. [3.2.1 – MED] Thaw and equilibrate the reaction components to room temperature. The human genomic DNA sample for digital droplet PCR, or ddPCR, analysis must have a minimum concentration of 3.3 ng/μL. [3.2.2 – CU –TXT] 

3.2.1. Talent setting out 96-well plates PCR tube strips.
3.2.2. Reaction components being thawed at room temperature. TEXT: Minimum DNA concentration = 3.3 ng/μL

3.3. Prepare the PCR reactions: combine the 2X ddPCR supermix, 20 forward and reverse primers and probe with each purified DNA sample, and make up to 20 μL with distilled water. [3.3.1 – MED-TXT]

3.3.1. General shot of talent making up the reactions in a tube. TEXT: 10 μL ddPCR supermix + 900 nM each primer + 250 nM probe + 66 ng/2 μL purified DNA sample + distilled water

3.4. Vortex the mix thoroughly to ensure homogeneity [3.4.1 – CU] and briefly centrifuge to collect the contents at the bottom of the tubes before dispensing. [3.4.2 – MED]

3.4.1. Tubes with mix being vortexed.
3.4.2. Talent putting strip tubes into centrifuge.

3.5. Operate the droplet generator per the manufacturer’s recommended protocol. [3.5.1 – MED] Insert the cartridge into the holder with the notch in the cartridge positioned on the upper left side of the holder. [3.5.2 – MED/CU] Add 20 μL of reaction mix containing samples into the middle wells, and 70 μL of generator oil into the bottom wells. [3.5.3 – CU]

3.5.1. Footage of talent by the droplet generator.
3.5.2. *film as written.
3.5.3. *film as written.

3.6. Attach the gasket across the top of the cartridge. Ensure that the gasket is securely hooked on both ends of the holder; otherwise, sufficient pressure for droplet generation will not be achieved. [3.6.1 – MED]

3.6.1. Talent attaching gasket across the top of the cartridge and making sure it is securely hooked on both ends of the holder.

3.7. Open the droplet generator by pressing the green button on the top of the instrument.  Insert the cartridge. [3.7.1 – MED] When the holder is in the correct position, both the power and holder indicator lights are green. [3.7.2 – CU]

3.7.1. Talent pressing the green button to open the droplet generator and then inserting the cartridge.
3.7.2. Shot of the green power indicator light (left right) and green holder indicator light (middle right).

3.8. Press the top button on the instrument again to close the door and initiate droplet generation. [3.8.1 – MED] The droplet indicator light flashes green after 10 seconds to indicate that droplet generation is in progress. [3.8.2 – CU]

3.8.1. Talent pressing top button and instrument door closes.
3.8.2. Shot of the droplet indicator light (at right) starting to flash green.

3.9. When droplet generation is complete, all 3 indicator lights will change to solid green. [3.9.1 – CU] Open the door by pressing the button, and remove the holder from the unit. [3.9.2 – MED] Remove the disposable gasket from the holder and discard it. [3.9.3 – CU] Note that the top wells of the cartridge contain the droplets, and the middle and lower wells are nearly empty, with a small amount of residual oil. [3.9.4 – CU]

3.9.1. Shot of the three indicator lights changing to solid green.
3.9.2. Talent pressing the button, the door opens, and talent removes the holder.
3.9.3. Gasket being removed from the holder.
3.9.4. A shot of the cartridge to show the tops wells containing the droplets.


4. Digital droplet PCR: PCR amplification

4.1. Following droplet generation, prepare for conventional PCR amplification. For each sample, pipet out 40 µL of the droplet contents from the top well of the cartridges into a single well of a recommended 96-well PCR plate as indicated in the manufacturer’s instrument protocol. [4.1.1 – MED] Aspirate the droplets slowly and gently to minimize droplet shearing during transfers. [4.1.2 – CU]

4.1.1. Talent using a multi-channel pipette to transfer droplet contents from the top well of the cartridges (from step 3.9) into a single well of a recommended 96-well PCR plate.
4.1.2. Match action above: droplets being aspirated very gently.

4.2. Immediately after transferring the droplets, the PCR plate must be sealed to avoid evaporation. [4.2.1 – WIDE/MED] Set the plate sealer temperature to 180°C and the time to 5 seconds. [4.2.2 – CU]

4.2.1. Talent taking 96-well plate to plate sealer.
4.2.2. *film as written.

4.3. Touch the arrow to open the tray door. Position the support block on the tray with the 96-well side facing up. [4.3.1 – MED] Place the 96-well plate onto the support block and ensure that all plate wells are aligned with the support block. [4.3.2 – CU]

4.3.1. Talent touching arrow to open tray door and then positioning the support block on the tray with the 96-well side facing up.
4.3.2. *film as written.

4.4. Cover the 96-well plate with 1 sheet of foil seal. Use pierceable foil plate seals that are compatible with the PCR plate sealer and the needles in the droplet reader. [4.4.1 – MED]

4.4.1. [bookmark: _GoBack]Talent covering the 96-well plate with a pierceable foil plate seal. (Shot taken as 4.2.1)

4.5. Once the 96-well plate is secured on the support block and covered with the pierceable foil seal, touch the seal button. The tray will close and heat sealing will initiate. [4.5.1 – CU]

4.5.1. Seal button is pressed and the tray closes.

4.6. When heat sealing is complete, the door will open automatically. [4.6.1 – CU] Remove the plate from the heat block and then remove the heat block. [4.6.2 – MED]

4.6.1. Door opening at completion of heat sealing.
4.6.2. *film as written.

4.7. Ensure that all the wells in the plate are sealed by checking that depressions in the foil are readily apparent over each well. Once sealed, the plate is ready for thermal cycling. [4.7.1 – CU]

4.7.1. Talent checking that all wells are properly sealed.

4.8. Perform conventional PCR amplification by following the parameters detailed in the protocol text. [4.8.1 – MED –TXT] 

4.8.1. Talent putting sealed plate into thermocycler. TEXT: Refer to Table 2 for conventional PCR thermocycling conditions


5. Digital droplet PCR: Droplet reading and DNA mutation profiling

5.1. Once PCR amplification of the nucleic acid target in the droplets is complete, the next step is to analyze each droplet individually using a 2-color detection system. Typically, the droplet reader instrument is set to detect FAM and VIC reporter fluorophores. [5.1.1 – WIDE/MED] 

5.1.1. Talent approaching the droplet reader instrument with the 96-well plate.

5.2. Click “Flush system” to prime the droplet reader and make it ready for ddPCR analysis. [5.2.1 – CU]

5.2.1. *film as written.

5.3. Load the plate into the droplet reader and click “start.” [5.3.1 – MED]

5.3.1. *film as written.

5.4. When droplet reading is complete, open the door and remove the plate holder from the unit. [5.4.1 – MED] Remove the 96-well PCR plate from the holder and discard it. [5.4.2 – CU]

5.4.1. *film as written.
5.4.2. 96-well PCR plate being removed from the holder.

5.5. Subsequently, perform DNA mutation profiling using data analysis software as described in the protocol text. [5.5.1 – MED] 

5.5.1. General footage of talent at the computer using the data analysis software.




6. Results: ddPCR detects BRAF V600E mutations in FFPE reference standard cell lines

6.1. In this ddPCR analysis, the BRAF V600E mutations were studied. Fluorescence was detected and processed into a two-dimensional scatter plot display, custom software was used to draw appropriate gates, and the number of droplets within each gate was counted. [6.1.1 – LM]

6.1.1. panels ‘A’ and ‘B’ of Figure 3.docx 

6.2. Droplets represented by blue dots above the pink cut-off line for all samples are positive for mutated BRAF V600E. [6.2.1 – LM]

6.2.1. zoom in to panel ‘A ‘of Figure 3.docx

6.3. Wildtype BRAF droplets are represented by green dots. [6.3.1 – LM] In both plots, the grey dots at the bottom are considered as the fluorescence background. [6.3.2 – LM]

6.3.1. zoom in to panel ‘B’ of Figure 3.docx
6.3.2. Show both panels A and B of Figure 3.docx

6.4. The overall mutant allele frequencies were then calculated based on the relative percentages of wildtype BRAF and BRAF V600E template concentrations detected. [6.4.1 – LM]

6.4.1. panel ‘C’ only of Figure 3.docx


7. Conclusion (said by authors on camera)
7.1. Myung Ryurl Oh: Once mastered, each of the individual analyses can be performed within 4 hours.
7.2. Hyun-Jeung Choi: Following this procedure, other samples like FFPE-T, liquid biopsy can be performed in order to answer additional questions like cancer progression monitoring.
7.3. Bohyun Byun: After its development, this technique paved the way for researchers in the field of companion diagnostics to explore various mutation detections in the molecular oncology field.
7.4. Nirmal Rajasekaran: After watching this video, you should have a good understanding of how to perform the tissue preparation system and digital droplet PCR assay for specific point DNA mutation detection.

Provided Media
2.2 – 2.4. Figure 1.docx
2.8 – 2.10  Screen capture files (to be provided by author)
2.11. Figure 2.docx
6.1. – 6.4. Figure 3.docx

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  


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.
 2015, Journal of Visualized Experiments

