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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______ 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.) _3.1 – 3.4, 3.7, 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.) __3.1_________________________
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

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 duplex digital PCR assay is to simultaneously quantify general and human-associated fecal contamination in waters. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Yiping Cao: This method can help answer key questions in recreational water quality monitoring, such as how much general fecal contamination, and more importantly human-associated fecal contamination, is in the waters. 
1.2. Yiping Cao: The main advantage of this assay is that it quantifies two targets in one reaction and eliminates the need for running standard curves and hence, the associated bias and variability.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

N.A.

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Yiping Cao: Demonstrating the procedure will be Meredith Raith, a senior research technician from our laboratory.  
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.















Protocol (read by voice talent at JoVE):

2. Assay Mixture Preparation 

2.1. To begin this procedure, first prepare 100 µmole/L stock concentrations for all primers in molecular grade water, and probes in TE pH 8 buffer, as described in the protocol text. [2.1.1 – MED]

2.1.1. Talent setting out previously prepared tubes of primers and probes. tk2 zoom in at end

2.2. Next prepare a master mix by mixing appropriate amounts of digital PCR mix, forward and reverse primers, the fluorescent probe, and nuclease-free water. [2.2.1 – MED-TXT] Pipette up and down at least 10 times to mix while taking caution not to introduce air bubbles in the solution. [2.2.2 – CU][2.2.3 – interview shot]

2.2.1. Talent adding reagents into a tube. TEXT: final concentration: 900 nM each primer, 250 nM each probe
2.2.2. Match action above: mixture being pipetted up and down.
2.2.3. Meredith Raith: “Since the master mix is more viscous than conventional qPCR master mixes, it is important to use this mixing-by-pipetting technique to ensure accurate dPCR quantification.”

2.3. To make the assay mixture for droplet generation for running samples in duplicate, pipette 36 µL of the master mix into a regular PCR plate. [2.3.1 – CU]

2.3.1. *film as written.

2.4. To each of the 36 µL master mixes, mix in 12 µL of DNA template, leaving the corresponding replicate wells empty on the plate. Include positive controls to ensure the assay is running properly.  [2.4.1 – CU] Include no-template controls, or NTCs, to ensure there is no contamination within the plate and to set the fluorescent baseline later for data analysis. [2.4.2 – CU]

2.4.1. Positive controls being pipetted into wells.
2.4.2. Negative controls being pipetted into wells.

3. Droplet Generation and PCR Plate Setup

3.1. Prior to setting up the droplet generator, mix the assay mixtures by using a multichannel pipet to pipet the mixtures up and down approximately 15 times. [3.1.1 – MED] Ensure that the pipet tip stays within the liquid to avoid making excess bubbles within the mixture. [3.1.2 – CU] 

3.1.1. Talent working by the droplet generator, using a multichannel pipet to pipet the assay mixtures up and down.  Videographer:  please include the droplet generator in this shot.
3.1.2. Match action above: capture the pipet tips staying within the liquid and absence of bubbles.

3.2. Next, insert cartridge 1, containing 8 wells, into a white cartridge holder and click the cartridge holder shut. Cartridge 1 is now firmly in place and cannot be dislodged from the holder while generating droplets. [3.2.1 – MED]

3.2.1. Talent inserting cartridge 1 into a white cartridge holder and clicking the cartridge holder shut.

3.3. Using a multichannel pipet, gently transfer 20 µL of the assay mixture into the middle position of the cartridge marked ‘Sample’ without introducing air bubbles. [3.3.1 – CU] Pipet in 70 µL of droplet generation oil to the left side of the cartridge marked ‘Oil.’ [3.3.2 –CU]

3.3.1. *film as written.
3.3.2. *film as written.
 
3.4. Cover the cartridge with a gasket, making sure the gasket is flat and held evenly by the 4 ticks toward the edge of the cartridge. [3.4.1 – CU] Press the green-lit button on the droplet generator to open the door and place the cartridge. [3.4.2 – MED] Press the button again to close the generator. [3.4.3 – CU] Once the door closes, the green button is dimmed and the door cannot be reopened. Droplet generation will begin immediately and continue for approximately one minute. [3.4.4 – CU]

3.4.1. *film as written.
3.4.2. Talent pressing the green button, the door opens, and the cartridge is placed.
3.4.3. Talent pressing the green button again and the door starts to close.
3.4.4. The green light becoming dim.

3.5. While the droplet generation is in progress, place cartridge 2 in a second white cartridge holder [3.5.1 – MED] and prepare it in the same manner as for cartridge 1. [3.5.2 – MED]

3.5.1. Talent inserting cartridge 2 into a white cartridge holder and clicking the cartridge holder shut.
3.5.2. Assay mixture being added to cartridge 2. tk4 with oil, all other tks no liquid

3.6. When the droplet generation is complete, the dimly lit button will turn green. [3.6.1 – CU] Open the droplet generator door, remove the white cartridge holder containing cartridge 1, and set it aside. [3.6.2 – MED] Place cartridge 2 into the droplet generator. [3.6.3 – CU]

3.6.1. Button turning green.
3.6.2. *film as written.
3.6.3. *film as written.

3.7. Remove the gasket from cartridge 1 and discard. Do not unclick the white cartridge holder as the action may break the newly generated droplets. [3.7.1 – MED] 

3.7.1. Talent removing the gasket from cartridge 1 without unclicking the white cartridge holder.

3.8. Using a multichannel pipet set to 40 µL, insert the tips into the third column of the cartridge marked ‘Droplets’ at a 45° angle, and slowly pipet up all the droplets. [3.8.1 – CU/ECU] Transfer them to the final PCR plate by putting the pipet tip against the well wall approximately half way down and expelling the droplets slowly. [3.8.2 – CU]  

3.8.1. *film as written.
3.8.2. *film as written.

3.9. In the same way, when the droplet generation for cartridge 2 is complete, remove the gasket from cartridge 2 [3.9.1 – MED] and transfer the generated droplets to the final PCR plate. [3.9.2 – MED] 

3.9.1. Talent removing the gasket from cartridge 2 without unclicking the white cartridge holder.
3.9.2. General shot of talent transferring droplets to final PCR plate.

3.10. Place a pierceable foil cover on top of the plate and place it on a plate sealer. [3.10.1 – MED] Set the sealer to 180°C, press ‘Play’ on the sealer and seal for 10 seconds. [3.10.2 – MED]

3.10.1. *film as written.
3.10.2. *film as written.

4. Thermal Cycling and Droplet Reading

4.1. To begin this procedure, place the sealed final PCR plate in the thermal cycler.  Use a thermal cycler that is compatible with the final PCR plate and with a temperature ramping speed of 2.0 oC per second. [4.1.1 – MED-TXT] 

4.1.1. Talent putting the sealed final PCR plate in the thermal cycler.  TEXT: temperature ramping speed  = 2.0oC/s

4.2. Run the following thermal program: 10 minutes at 95oC, followed by 40 cycles of 30 seconds at 94oC and 60 seconds at 60oC, followed by a 10-minute hold at 98oC.  [4.2.1 – LM] 

4.2.1. Screen shot from PCR machine. (to be provided by author) do not use tk2

4.3. Upon completion of cycling, [4.3.1 – MED] transfer the plate to a Droplet Reader for automatic measurement of fluorescence in each droplet in each well. [4.3.2 – MED]

4.3.1. Talent removing PCR plate from thermal cycler.
4.3.2. [bookmark: _GoBack]Talent putting PCR plate into the droplet reader.

4.4. Ensure the droplets are at room temperature before proceeding with droplet reading.  Start by opening the accompanying software to set up the droplet reading. [4.4.1 – MED] In the default ‘Setup’ menu containing a schematic of an empty 96-well plate, double click on well A1 to open the menu containing three sections: ‘Sample,’ ‘Assay 1’ and ‘Assay 2.’ [4.4.2 – SCREEN]

4.4.1. Talent opening the software.
4.4.2. *To be supplied by Authors: Well A1 is double clicked and a menu opens with ‘Sample,’ ‘Assay 1’ and ‘Assay 2.’

4.5. In the ‘Sample’ section, type the sample ID into the box labeled ‘Name’ and check the box to the right marked ‘Apply.’ [4.5.1 – SCREEN] Next, click the dropdown menu labeled ‘Experiment,’ choose ‘RED’ for ‘rare event detection’ and click enter. [4.5.2 – SCREEN]

4.5.1. *To be supplied by Authors: Sample ID being typed into ‘Name’ box and ‘Apply’ box is checked.
4.5.2. *To be supplied by Authors: ‘Experiment’ dropdown menu is clicked, ‘RED’ is chosen and enter is clicked.

4.6. Move to the section denoted ‘Assay 1.’ In the ‘Name’ section fill out the assay and click enter. [4.6.1 – SCREEN] In the box below labeled ‘Type’ click the dropdown menu, choose ‘Channel 1 Unknown,’ and click enter. [4.6.2 – SCREEN].

4.6.1. *To be supplied by Authors: Assay name being entered in the ‘Name’ section and ‘Enter’ is clicked.
4.6.2. *To be supplied by Authors: Dropdown menu for ‘Type’ is selected, ‘Channel 1 Unknown’ is selected and ‘Enter’ is clicked.

4.7. Move to the section denoted ‘Assay 2.’  In the ‘Name’ section fill out the assay and click enter. [4.7.1 – SCREEN] In the box below labeled ‘Type’ click the drop down menu, choose ‘Channel 2 Unknown,’ and click enter. All the information from the previous steps is now present in well A1. [4.7.2 – SCREEN].

4.7.1. *To be supplied by Authors: Screen capture as described.
4.7.2. *To be supplied by Authors: Screen capture as described.

4.8. Name all subsequent wells containing droplets. To save total setup time, click ‘Shift’ or ‘Ctrl,’ to choose multiple wells simultaneously. [4.8.1 – SCREEN]

4.8.1. *To be supplied by Authors: Screen capture as described.

4.9. When the digital depiction of the plate mirrors the physical plate, press ‘OK’ at the bottom right of the menu.  [4.9.1 – SCREEN] In the new menu that appears at the top of the plate schematic, under the ‘Template’ section, choose ‘Save As’ and name and save the plate. [4.9.2 – SCREEN]

4.9.1. *To be supplied by Authors: Screen capture as described.
4.9.2. *To be supplied by Authors: Screen capture as described.

4.10. To the left of the screen click ‘Run’ and select Fluorophore option 1 color compensation matrix in the pop-out window. [4.10.1 – SCREEN] Data collection will initiate and is displayed in real time in the software. [4.10.2 – SCREEN]

4.10.1. *To be supplied by Authors: Screen capture as described.
4.10.2. *To be supplied by Authors: Screen capture as described.



5. Data Analysis and Reporting

5.1. When the reader is finished and a box appears stating ‘Run Complete’, click ‘OK’. [5.1.1 – MED]

5.1.1. Talent at the droplet reader, after run is complete, clicking ‘OK.’

5.2. Check the separation between the positive and negative droplets. Ensure that the fluorescence in all droplets in the NTC wells is near baseline. [5.2.1 – SCREEN SHOT]

5.2.1. Screen capture showing fluorescence in the NTC wells is near baseline.

5.3. Click on the button labeled ‘Events.’  To the right of the presented histogram click the box named ‘Total’ to display the total number of accepted droplets per well. [5.3.1 – SCREEN] Exclude any wells containing <10,000 droplets by holding the Ctrl key and clicking on the wells to be excluded.  [5.3.2 – SCREEN]

5.3.1. *To be supplied by Authors: Screen capture as described.
5.3.2. *To be supplied by Authors: Screen capture as described.

5.4. Click on the button denoted ‘1D Amplitude’ to set the fluorescent threshold at approximately one standard deviation above the negative droplets in the NTC wells for both targets. [5.4.1 – SCREEN] At the very left of the screen under the ‘Auto Analyze’ showing two threshold buttons, choose the icon to the right that has a solid pink horizontal line running through it. [5.4.2 – SCREEN]

5.4.1. *To be supplied by Authors: Screen capture as described.
5.4.2. *To be supplied by Authors: Screen capture as described.

5.5. Click in the box to the left of ‘Set Threshold’ under each of the amplitude graphs and enter the appropriate fluorescence threshold values. The target concentrations in copy per µL reaction are then automatically calculated. [5.5.1 – SCREEN].

5.5.1. *To be supplied by Authors: Screen capture as described.

5.6. Export the results in a .csv file by clicking the ‘Export’ button in the upper left hand corner on the 1D Amplitude screen. [5.6.1 – MED] In the .csv file, multiply the exported target concentration by 4 to convert it from copy of target per µL reaction to copy of target per µL DNA template. [5.6.2 – SCREEN]

5.6.1. Talent clicking the ‘Export’ button in the upper left hand corner on the 1D Amplitude screen.
5.6.2. *To be supplied by Authors: Screen capture as described.

6. Results: duplex digital PCR is a robust assay for simultaneous quantification of general and human-associated fecal contamination

6.1. This figure compares the duplex and simplex formats of the digital PCR assay. The left and right panels display Enterococcus and HF183 quantification, respectively, with the corresponding correlation coefficients between duplex and simplex results. [6.1.1 – LM]

6.1.1. Fig1_duplex vs simplex.pdf

6.2. The solid lines indicate the regression lines and the gray shading indicates the corresponding standard errors. Different types of samples are indicated by the symbols. Results are highly consistent and often indistinguishable whether Enterococcus and HF183 are measured simultaneously in one reaction or separately in two reactions. [6.2.1 – LM]

6.2.1. Fig1_duplex vs simplex.pdf

6.3. The digital PCR assay can also tolerate inhibitor at concentrations one to two orders of magnitude higher than that tolerated by its qPCR counterparts. This figure shows qPCR and digital PCR quantification of the HF183 marker in clean sewage DNA spiked with increasing concentrations of humic acid, which inhibits PCR. [6.3.1 – LM]

6.3.1. fig2_inh_20150420_ddpcrHF183_sewage_HA.pdf

6.4. The expected HF183 quantification in the absence of inhibitors is defined as a 95% confidence interval, between the two horizontal dotted lines. Digital PCR, denoted by triangles, continues to provide accurate quantification up to a humic acid concentration of 15 ng/µl reaction, while qPCR, denoted by crosses, starts to underestimate at 1 ng/µl and becomes completely inhibited at 5 ng/µl. [6.4.1 – LM]

6.4.1. fig2_inh_20150420_ddpcrHF183_sewage_HA.pdf


7. Conclusion (said by authors on camera)
7.1. Yiping Cao: After watching this video, you should have a good understanding of how to prepare for and perform this EnteroHF183 duplex droplet digital PCR assay or other similar droplet digital PCR assays using different primers and probes.
7.2. Yiping Cao: After the development of this duplex digital PCR assay, published in Water Research in 2015, we have developed and validated a suite of digital PCR assays that target other fecal indicator bacteria, microbial source tracking markers, and waterborne pathogens. 
7.3. Yiping Cao: These assays provide direct and unbiased quantification of their targets, and are becoming useful alternatives to qPCR assays in the water quality testing field. 
   

Provided Media
4.2. Screen shot from PCR machine that illustrates the PCR program. (to be provided by author)
6.1 – 6.2.  Fig1_duplex vs simplex.pdf
6.23 – 6.4. fig2_inh_20150420_ddpcrHF183_sewage_HA.pdf
Screen capture files to be provided by author.


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.
 2013, Journal of Visualized Experiments

