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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  No
Can you record movies/images using your own microscope camera? (Y/N) N/A
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N) Yes
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.2-2.8

4. 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.)
The transfer of droplets in step 2.8. We use 200 µL pipette tips on a 5-50 µL multichannel pipette. When pipetting, aspiration and expulsion of droplets is performed extremely slow and smooth.

5. Will the filming need to take place in multiple locations? (Y/N) No
If yes, how far apart are the locations? N/A


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Jeff A. Shaw:  This technique enables accurate and precise quantification of microorganisms from a mixed population of highly similar strains using rapid and high-throughput molecular-based methods, ultimately enabling comparisons of fitness between strains [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

1.2. Jeff A. Shaw: The ability to simultaneously assess many strains in a single pool substantially reduces well-to-well or organism-to-organism variability because all strains are exposed to precisely the same conditions [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Travis J. Bourret: The adaptability of this technique allows it to be used for nearly any genetically malleable organism in nearly any experimental design that requires accurate quantification of microbes [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Authors, Jeff will be introduced with on-screen text as he speaks, so the introduction of demonstrator point is not needed.










Section - Protocol
2. [bookmark: _Hlk533713536][bookmark: _Hlk533713541]Validate the Sensitivity and Specificity of Each Primer-probe Set for Each Genomic Barcode Using Digital PCR
2.1. Begin this procedure with engineering of genetic markers onto bacterial chromosomes as described in the text protocol [1].
2.1.1. MED: Talent retrieves the rack of gDNA from storage.
2.2. Create a pool of genomic DNA that contains every barcode except for one [1]. Use this pool as the diluent to perform a dilution series with genomic DNA containing the single remaining barcode [2].
2.2.1. LAB MEDIA: Figure 4 – Video editors, please show the top portion of this figure.
2.2.2. [bookmark: _Hlk533713550]LAB MEDIA: Figure 4 – Video editors, please show the bottom portion of this figure.
2.3. Prepare reactions for digital PCR in duplicate according to the manufacturer’s recommendations for using a digital PCR supermix designed for probe-based chemistry [1]. 
2.3.1. MED: Talent works to prepare the reactions for digital PCR. Continue action in next shot.
2.4. Use the pooled genomic DNA as template DNA [1]. Also add the 20x primer-probe master mix as described in the text protocol [2].
2.4.1. CU: PCR plate as talent adds the template DNA. Use labeled containers whenever possible.
2.4.2. CU: PCR plate as talent adds the primer-probe. Use labeled containers whenever possible.
2.5. [bookmark: _Hlk94210]Prepare replicate control reactions for digital PCR according to the manufacturer’s recommendations. Control reactions for each probe mix must consist of: no template controls; negative controls; and positive controls [1].
2.5.1. CU: PCR plate as talent prepares the control reactions. Use labeled containers whenever possible.
2.6. [bookmark: _Hlk533713563]Repeat these steps to create digital PCR reactions for each barcoded genomic DNA sample [1]. 
2.6.1. MED: Talent works to set up the plate.
2.7. Generate droplets for each reaction condition using a droplet generator according to the manufacturer’s instructions [1].
2.7.1. CU: Cartridge as talent loads it.
2.7.2. [Added Shot]: MED: Cartridge is inserted into droplet generator.
2.8. [bookmark: _Hlk533713573]Transfer newly created droplets into the appropriate 96-well plate. Use 200 microliter pipette tips on a 5 through 50 microliter multichannel pipette [1].
2.8.1. CU: 96-well plate as talent transfers the newly created droplets there using 200 microliter pipette tips on a 5, 50 microliter multichannel pipette.
2.9. After all the droplets have been generated and transferred, seal the plate with a foil plate sealer [1].
2.9.1. Plate as talent seals it with a foil plate sealer.
2.10. [bookmark: _Hlk533713585]Use the manufacturer-recommended thermocycler to perform the cycling conditions [1-TXT].
2.10.1. MED or WIDE: Talent program/starts the thermocycler. TEXT: See text for cycling conditions
2.11. While thermocycling is being performed, program the data analysis software with the plate setup information such as sample name… experiment type…. and supermix used. Also include target 1 name… and target 1 type… as well as target 2 name… and target 2 type [1].
2.11.1. LAB MEDIA: Step 6.9 Creating template for reader. Video editors, please use 0:30-1:20. If possible, correlate the video with the narration using the pauses in the narration (…).
2.12. [bookmark: _Hlk533713600]After thermocycling is complete, transfer the completed reactions to the droplet reader and start the reading process according to the manufacturer’s instructions [1].
2.12.1. CU: Droplet reader as talent transfers the completed reactions there.
3. Analyze Digital PCR Data and Calculate Absolute Copy Numbers
3.1. When all wells have been read and the run is complete, open the dot-q-l-p data file using the data analysis software. Select all wells that utilize the same primer-probe master mix [1].
3.1.1. [bookmark: _GoBack]LAB MEDIA: Steps 8_1-8_6 Interpreting ddPCR results. Video editors, please show 00:11 -0:25 of this video as this sentence is narrated. Consider speeding up the video to fit the narration. Also zoom into the window where the file is being selected.
3.2. On the Droplets tab, examine the number of droplets analyzed in each well, including both positive and negative droplets [1]. Exclude from analysis any well that has fewer than 10,000 total droplets [2].
3.2.1. LAB MEDIA: Steps 8_1-8_6 Interpreting ddPCR results. Video editors, please show 00:35 -1:02 of this video as this sentence is narrated. Consider speeding up the video to fit the narration.
3.2.2. LAB MEDIA: Steps 8_1-8_6 Interpreting ddPCR results. Video editors, please show 1:02-1:25 of this video as this sentence is narrated. Consider speeding up the video to fit the narration.
3.3. Move to the 1D Amplitude tab and examine the amplitudes of positive and negative droplets. Ensure they comprise two distinct populations. Within the software, use the thresholding feature to make a cutoff between positive and negative droplets for each probe that was utilized [1].
3.3.1. LAB MEDIA: Steps 8_1-8_6 Interpreting ddPCR results. Video editors, please show 1:25 – 2:30 of this video as this sentence is narrated. Consider speeding up the video to fit the narration.
3.4. Once appropriate thresholds have been applied to all wells, the software will calculate the number of DNA copies in each reaction. Export data to a spreadsheet to facilitate further analysis [1].
3.4.1. LAB MEDIA: Steps 8_1-8_6 Interpreting ddPCR results. Video editors, please show 2:30 – 2:47 of this video as this sentence is narrated. Consider speeding up the video to fit the narration.
3.5. Using these values, calculate the initial copy number of each unique genomic barcode in the sample [1]. 
3.5.1. LAB MEDIA: Steps 8_7-9_2 Calculating CIs.mov – Video editors, please show 1:30-1:55 of this video as this sentence is narrated. Consider speeding up the video to fit the narration.
3.6. Determine the mean false-positive rate from the negative control reactions and subtract this value from the values obtained in experimental reactions. Multiply values as necessary based on the dilutions that were performed when setting up each experiment [1].
3.6.1. LAB MEDIA: Steps 8_7-9_2 Calculating CIs.mov – Video editors, please show 2:45-3:00 of this video as this sentence is narrated.
3.7. Now, determine the relative fitness of an organism by calculating the competitive index or canceled out competitive index from digital PCR-based quantification of the barcoded strain. Perform this step for each barcoded strain at all timepoints [1-TXT].
3.7.1. LAB MEDIA: Steps 8_7-9_2 Calculating CIs.mov – Video editors, please show 5:32-5:45 of this video as this sentence is narrated. TEXT: See text for equations



Section – Results
4. Results: Representative Digital PCR Results of Diluted AA-Barcoded gDNA 
4.1. Genomic DNA containing the AA barcode was diluted in a background of all other barcoded genomic DNA [1]. 
4.1.1. LAB MEDIA: Fig 6 higher res.png 
4.2. Channel 1 represents the FAM probe for the AA barcode… [1-TXT] while channel 2 represents the HEX probe for the AO barcode [2-TXT]. 
4.2.1. LAB MEDIA: Fig 6 higher res.png – Video editors, please emphasize the top panels. TEXT: FAM = 6-carboxyfluorescein
4.2.2. LAB MEDIA: Fig 6 higher res.png – Video editors, please emphasize the bottom panels. TEXT: HEX = hexachlorofluorescein
4.3. Results of each probe are presented as both individual droplet fluorescent amplitude… [1] and a histogram representing the frequency of fluorescent intensity of all droplets in the selected wells [2]. 
4.3.1. LAB MEDIA: Fig 6 higher res.png – Video editors, please emphasize the left panels (consider zooming into them).
4.3.2. LAB MEDIA: Fig 6 higher res.png – Video editors, please emphasize the right panels (consider panning over to them while still zoomed).
4.4. For each condition, positive… [1] and negative droplets should form two distinct populations [2]. 
4.4.1. LAB MEDIA: Fig 6 higher res.png – Video editors, zoom into the left panels and emphasize the blue and green points at the top of each panel (the points above the pink line). 
4.4.2. LAB MEDIA: Fig 6 higher res.png – Video editors, zoom into the left panels and emphasize the black/grey points at the bottom of each panel (the points below the pink line). 
4.5. The populations should be separated using the threshold feature to define positive and negative droplets. Threshold values will vary depending on the probes that were used, but all wells that utilize the same probe mix should have identical thresholds [1]. 
4.5.1. LAB MEDIA: Fig 6 higher res.png – Video editors, please emphasize the pink lines.
4.6. In the case of AA that was diluted, the histogram appears to only depict a single population because positive droplets are substantially outnumbered by negative droplets [1]. 
4.6.1. LAB MEDIA: Fig 6 higher res.png – Video editors, emphasize the peak in the top-right panel.
4.7. However, two distinct populations are still visible by examining droplet fluorescent amplitude in the left panels [1]. 
4.7.1. LAB MEDIA: Fig 6 higher res.png – Video editors, emphasize the two populations of points above and below the pink line in the top-left panel.
4.8. As the AA-barcoded genomic DNA was diluted, there was a decrease in positive droplets… [1] while the number of positive AO droplets remains constant [2].
4.8.1. LAB MEDIA: Fig 6 higher res.png – Video editors, zoom into the left panels and emphasize the blue points at the top of the panel (the points above the pink line). 
4.8.2. LAB MEDIA: Fig 6 higher res.png – Video editors, zoom into the left panels and emphasize the green points at the top of the panel (the points above the pink line).
4.9. Once appropriate thresholds have been applied to all wells, the software will calculate the number of DNA copies in each reaction [1].
4.9.1. LAB MEDIA: Results 4.9 media.png – Video editors, slowly zoom into the lower, right-hand corner of the screen and then emphasize the column labeled “Conc(copies/uL).”



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Jeff Shaw: If you routinely perform PCR as part of your research, you can perform this technique to assess the fitness of your model organism [1].

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.2. Jeff Shaw: This procedure would normally be used to determine end results of upstream experiments. Its true utility is to promote ease and versatility for any experiments that rely on bacterial quantification [1].

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
5.3. Jeff Shaw: We are using this technique to assess Salmonella fitness in a murine model of infection. Additionally, this technique is being adapted for use with other pathogenic microorganisms in our laboratory [1].

5.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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