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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)   
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. Steps 2.9, 2.10, 2.14 – 2.16
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. The most difficult aspect is pipetting the magnesium acetate into caps, placing the caps gently on the tubes, and removing the caps again after centrifugation without contaminating the reactions (Steps 2.14 – 2.16). To ensure success, we are slow and deliberate when performing these steps.
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? Different floors (5th and 8th) of the same building
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Conceptual Narrative:
The overall goal of the following experiment is to use quantitative recombinase polymerase amplification to quantify the DNA concentration of unknown samples. (Intro)
This is achieved by first adding the target DNA, internal positive control DNA, primers, and fluorescently labeled probes to the reaction. (P1: Start with the HIV-1 and IPC DNA constructs as in slide 1, but re-label HIV-1 as “Target” and IPC as “Internal Positive Control”. Also have the primers as on slide 2 [blue arrows], and the probes from slide 5 [the yellow and green arrows with the burst shape]. Have the DNA constructs, the primers, and the probes enter a PCR tube [like the tube from DAM #3111].)
As a second step, the reactions are placed in the real-time PCR machine, which heats the reactions to activate the enzymes and monitors the fluorescence of the probes to detect the generation of target and control amplicons. (P2: Start with the tube with all of the components, and indicate that it is heated to initiate the reaction. Then use slide 10 of the schematic, but replace the HIV-1 text with “Target DNA”. Show that increasing copy number occurs over time, which corresponds to increased fluorescence as indicated in the supplied animations.)  

Next, the fluorescence data is analyzed using a script to generate the standard curve and to validate the assay. (P3: Show Lab Media Figure 4C only. Change the X-axis label to “log10 copies target” instead of “log10 copies HIV” if possible.)
The results show that DNA samples can be quantified accurately within one order of magnitude of the correct concentration based on the validation experiments used to quantify an HIV-1 (pronounced: H-I-V-one) target DNA. (P4: Show Lab Media Figure 5 only. Change the X-axis label to “log10 copies HIV-1” instead of “log10 copies HIV” if possible.)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
Please see separate document “Animations_FINAL.pptx”.
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Zach: The main advantage of this technique over existing methods, like real-time quantitative PCR, is that RPA is isothermal, so an expensive thermal cycler is not needed. 
1.2. Zach: RPA also requires a lower amplification temperature, is tolerant to sample impurities, amplifies targets to detectable levels within minutes, and uses lyophilized enzymes to enable storage and transport at room temperature.   

Protocol (read by voice talent at JoVE):
2. Assembling the Quantitative Recombinase Polymerase Amplification (qRPA) Reactions for a Standard Curve
2.1. To begin, clean all benchtop and equipment surfaces with a solution of 50% bleach to create a clean pre-amplification workspace.
2.1.1. MED: Talent wipes the benchtop with bleach.
2.2. Remove the 280 mM magnesium acetate solution, the rehydration buffer, and the reaction pellets from the -20 °C freezer, and thaw the solutions at room temperature. 
2.2.1. MED/WIDE: Talent removes solutions from the freezer.

2.2.2. MED: Talent places solutions on the benchtop.

2.3. For 12 reactions, transfer 32.5 (l of magnesium acetate to a sterile microfuge tube.
2.3.1. CU: Talent pipets pours water into a tube.
2.4. Then assemble a master mix by transferring 383.5 (l of the rehydration buffer to a new microfuge tube. Add 41.6 (l of nuclease free water to the buffer and vortex to mix. Add 35 (l of magnesium acetate to a separate tube. 
2.4.1. CU: Talent pipets buffer into a different tube.

2.4.2. MED – Over the shoulder: Talent adds water and vortexes.

2.4.3. [added] Talent adds magnesium acetate to a separate tube.

2.5. Return the magnesium acetate and the rehydration buffer stock solutions to the freezer. Then obtain the primer and probe aliquots from the 4 °C refrigerator, place them in the pre-amplification workspace, and turn off the lights to minimize light exposure.
2.5.1. MED: Talent returns stock solutions to the freezer.

2.5.2. MED/WIDE: Talent removes primers/probes from the refrigerator.

2.5.3. CU: Talent places the tubes in a hood with the hood lights off on the pre-amplification workspace. (TEXT: CAUTION: Minimize exposure of the probes to light)
2.5.3a [added] Talent turns off lights in the pre-amplification workspace. 
2.6. Add 27.3 (l of each of the 10 (M forward and reverse primers to the master mix.

2.6.1. CU: Talent adds the primers to the master mix.

2.7. Next, add 7.8 (l of the 10 (M HEX-labeled (pronounced: hex) HIV-1 DNA probe to the master mix and vortex the tube. Then return the primer and the probe stock solutions to storage. Reagents for the internal positive control can be added here as indicated in the text protocol.
2.7.1. CU: Talent adds the probe and vortexes.

2.7.2. MED: Talent returns primers and probes to the refrigerator. (TEXT: Add internal positive control reagents as indicated in the text protocol.)
2.7.3. [added] Talent gets the internal positive control out of the refrigerator

2.7.4. [added] Talent adds 33.8 (l of the internal positive control to the master mix. (NOTE: THE MASTER MIX SHOULD BE VORTEXED AFTER THE INTERNAL POSITIVE CONTROL ADDING THE INTERNAL POSITIVE CONTROL, BUT WE FORGOT TO INCLUDE THE VORTEXING STEP DURING FILMING. SHOT 2.7.1 INCLUDES A VORTEXING STEP THAT COULD BE USED AFTER TALENT ADDS THE INTERNAL POSITIVE CONTROL).
2.7.5. [added] Talent returns the internal positive control to the refrigerator
2.8. To assemble the qRPA (pronounced: q-R-P-A) reactions, first place the freeze-dried enzyme pellets into individual tubes of two low-rise 8-well PCR tube strips.
2.8.1. ECU: Talent adds enzyme pellets into individual tubes.

2.9. Pipet 37.5 (l of the master mix into a tube containing a pellet. Gently stir the contents of the tube with the pipet tip to dissolve the pellet without creating bubbles. 

2.9.1. CU: Talent adds master mix to the pellet and stirs to mix.
2.10. Remove the tip from the reaction carefully to prevent a loss of volume, and make sure to change pipet tips between each tube.

2.10.1. ECU: Talent removes the tip carefully.

2.10.2. CU: Talent ejects tip and puts another on the pipettor.

2.11. Transfer the tubes to a chilled 96-well cold block for at least 5 minutes to cool the master mix. In the meantime, load the thermal cycler software with the protocol and the plate layout as indicated in the text protocol. 
2.11.1. MED: Talent transfers the tubes to the block.

2.11.2. MED – Over the shoulder: Talent sits at the computer and loads the program.
2.12. Next, cut two strips of clear plastic micro-seal adhesive so that they are slightly wider than the PCR tubes, and also obtain 2 flat PCR-tube strip lids.
2.12.1. CU: Talent cuts two strips of adhesive and places them next to 2 strip lids on the workspace.

2.13. Aliquot the HIV-1 plasmid template as indicated in the text protocol, and then add 10 (l of the template to the appropriate PCR tube. Again, gently stir the mix with the pipet tip.
2.13.1. MED – Over the shoulder: Talent places plasmid dilutions on the work space. (TEXT: Aliquot the template as indicated in the text protocol.)
2.13.2. CU: Talent adds DNA to tubes and gently mixes with the pipet tip.
2.14. Next, add 2.5 (l of the magnesium acetate to each tube cap, and then gently place the caps on top of the reaction tubes so that they are not fully sealed. The magnesium acetate should be clearly visible through the cap.

2.14.1. ECU: Talent pipets MgAc into the tube caps.

2.14.2. CU: Talent places caps on the tubes.

2.14.3. ECU: Shot of the tubes with the caps on and if possible, focus also show the MgAc in the cap.
2.15. Place the PCR tube strips into a microcentrifuge, and centrifuge the tubes for 10 seconds to collect all of the liquid in the bottom of the tube and to remove any bubbles. Combining the magnesium acetate solution with the master mix initiates the qRPA reaction. 

2.15.1. MED: Talent places tubes in the centrifuge and runs it.

2.16. Quickly move the PCR tubes to the cold block to halt the reaction. Next, slowly remove the lids to prevent contaminating the reactions… and seal the tubes with the clear micro-seal film. (NOTE: I FORGOT TO RESET THE “TAKE COUNTER” ON THE SLATE. THE FIRST AND ONLY TAKE WAS MARKED AS TAKE 3).
2.16.1. MED – Over the shoulder: Talent removes tubes and places them in the cold block.
2.16.2. ECU: Talent removes the lids.

2.16.3. CU: Talent seals the tubes with film.

2.17. Transfer the tubes to the thermal cycler according to the locations in the plate layout. Close the lid of the thermal cycler and click “Start Run.” Make sure to designate a file name for the experiment.
2.17.1. MED: Talent transfers tubes to the cycler.

2.17.2. MED – Over the shoulder: Talent closes the cycler and clicks to start.

2.17.3. SCREEN: Talent types in the file name.

2.18. When the run is finished, view the raw fluorescence data, and export it to a spreadsheet, which will create a file called “Quantification Amplification Results.”

2.18.1. SCREEN: Talent views the data and then exports it to a spreadsheet.
3. Constructing a Standard Curve from Multiple Experiments with Custom Scripts
3.1. To build the standard curve, first download the standard curve script. Then open MATLAB, or a similar data analysis program,  open the script, and press “run” to run the script. 
3.1.1. MED – Over the shoulder: Talent sits at computer and downloads opens the script. (TEXT: Script: JoVE_qRPA_standard_curve.m)

3.1.2. SCREEN: Talent opens MATLAB, types in the script name opens the script, and then presses enter run.

3.2. Type in the number of data files to be analyzed when prompted. Next, type the number of samples and the number of replicates in each training file in the command window. 
3.2.1. SCREEN: Talent enters number of data files, samples and replicates.

3.3. Type in the lowest DNA concentration, in log base 10 copies, that was used to build the standard curve and press enter. In the example here, the lowest concentration is “1” log base 10 copies.
3.3.1. SCREEN: Talent enters DNA concentration and presses enter.

3.4. Then type the difference in concentration between each DNA standard into the command prompt and press enter. Here, the concentration interval is “1” log base 10 copies.

3.4.1. SCREEN: Talent types in the difference in DNA concentration.

3.5. Next, enter the value for the “slope threshold” into the command window and press enter. This value is typically between 3 and 5.
3.5.1. SCREEN: Talent enters the slope threshold.

3.6. Type in the “Number standard deviations above the background for positive threshold,” also known as z, and then press enter. Typical z values range from 1 to 5.
3.6.1. MED – Over the shoulder: Talent works at the computer. (TEXT: z: Number standard deviations above the background for positive threshold)

3.6.2. SCREEN: Talent enters the z value. (Video Editor: This should cover the last sentence in the VO for this step.)
3.7. Next, specify the equipment that was used to collect the data. In this case, type 1 for the thermal cycler, and then press enter.

3.7.1. SCREEN: Talent specifies the equipment used.

3.8. If there is an internal positive control, select the default or a new value for the threshold by typing “y” or “n,” depending on whether a new threshold is necessary.

3.8.1. SCREEN: Talent enters y or n.
3.9. Finally, select all of the spreadsheet files that will be used to build the standard curve. The script will then automatically import and analyze all of the data.
3.9.1. SCREEN: Talent selects the files and starts file import and analysis.
4. Results: Construction of an HIV-1 DNA Standard Curve by qRPA 
4.1. Real-time qRPA was performed on duplicate samples containing different copy numbers of HIV-1 DNA. The onset of detectable amplification, indicated by an increase in fluorescence, occurs earlier for samples with higher DNA copy numbers than for samples with lower copy numbers.
4.1.1. LABMEDIA: Figure 3A (Video Editor: Show Figure 3A only, and eliminate the panel label “A” and the black panel frame. Move the sample legend (colored text indicating # of DNA copies) to the right so that the label roughly aligns with the end of the same-colored line in the graph. Drop dashed vertical lines from where the fluorescence begins to increase down to the X-axis for the blue and red lines at mention of “higher DNA copy numbers” and then drop a vertical dashed line for the pink line at “lower copy numbers.” Leave the lines in place to the end of the VO.)
4.2. The raw fluorescence data were used to generate a standard curve from amplification of known concentrations of HIV-1 DNA. These data were fit to an exponential curve, and the r-squared value indicates a high goodness of fit. 
4.2.1. LABMEDIA: Figure 5 (Video Editor: Add units to the X-axis of “(log10 copies)” to the right of “True Sample Concentration.” Highlight the equations in the upper right corner at mention of “These data were fit” and maintain highlighting through the rest of the sentence.)
4.3. The standard curve was used to predict the concentrations of additional DNA samples of known concentration. Adjusting the value of z to one allows accurate prediction of low DNA concentrations. In contrast, high DNA concentrations are better predicted with a z value of five.
4.3.1. LABMEDIA: Figure 6 (Video Editor: Add text overlay centered above the entire graph of “z = number of standard deviations above the background for positive threshold” and leave in place during the entire VO (for 4.3 & 4.4). Circle or otherwise highlight the red curve from 0 and 3 at mention of “Adjusting the value of z” and maintain highlighting through the rest of the statement. Circle or otherwise highlight the blue line from 3 to 5 at “high DNA concentrations” and maintain highlighting through the rest of the statement.)
5. Conclusion (said by authors on camera)
5.1. Brittany: While attempting this procedure, it’s important to remember that RPA lacks true ‘cycles’ to limit the rate of DNA amplification, so the rate of amplification must be precisely controlled. 
5.2. Brittany: Consistency between experiments is crucial, so be sure to use the same primer aliquots for all experiments, protect reaction components from heat and light, add magnesium acetate immediately before data collection begins, and keep reactions in the cold block until beginning the experiment.
Provided Media

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.  

4.1 - Figure3a.tif – real-time fluorescence data generated by amplification of HIV-1
4.2 - Figure5.tif – standard curve constructed by performing five experiments

4.3 - Figure6.tif – performance of algorithm when adjusting the parameter, ‘z’

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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


