Dear Editor,

We have taken this opportunity to address the editorial and reviewer comments. For your convenience we have summarized these responses below. 

Please reference our responses directly below each comment and with blue italicized text, to the editorial and reviewer comments with relevant italicized text quoted (“…”) with changes marked with red text.

Editorial comments:
Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
	We have taken this opportunity proofread the manuscript and to correct several grammatical errors pointed out by the editor and reviewers.

2. Please provide an email address for each author.
	We have supplied the email addresses of the three authors under the affiliations.
“Daniel.Weisgerber@ucsf.edu
Makiko.Hatori@ucsf.edu
adam@abatelab.org”

3. Please define all abbreviations before use. E.g. PAA, PDMS, TEMED
	We have proofread the manuscript with extra attention for undefined abbreviations. We have now properly defined all abbreviations before use.

4. Please use the imperative tense in the protocol, as if telling someone how to do the technique. E.g. “Load solution in..” instead of “solution is loaded…”.
	We have proofread the protocol with particular attention towards using the imperative tense.

5. Line 72: “…tube and mix well.” Instead of “..tube mixing well.”.
We have corrected the sentence.
“Add 0.5 g of dried commercial particles to 30 mL of sterile water in a 50 mL conical tube and mix well.”

6. Line 84: 50 µm layer/coat?
	We have corrected this within the protocol.
“Use a spin coater to create a 50 μm layer of photoresist by spinning at 500 rpm for 30 sec followed by 1250 rpm for 30 sec.”

7. Line 85: Secure with what? Please add details here.
	We have clarified this within the protocol.
“3.	Secure the photomask onto the silicon wafer with a cover glass slide and …”

8. Lines 89-91: What is the concentration of PGMEA, isopropanol used?
	In both cases 100% PGMEA and isopropanol were used. We have clarified this within the protocol.
“Develop the photoresist-silicon wafer by immersing it in a bath of 100% propylene glycol monomethyl ether acetate (PGMEA) for up to 15 min. Rinse the wafer with fresh 100% PGMEA followed by 100% isopropanol.”

9. Lines 95-99: Please add details about degassing.
[bookmark: _Hlk61689441]	We have provided additional details regarding the procedure of degassing the PDMS within the protocol.
“Degas the mixed PDMS using a desiccator under house vacuum until no air bubbles are observable.”

10. Line 107: Which tape is used?
[bookmark: _Hlk61689462]	We use Scotch tape for the removal of dust/debris from the microfluidic device prior to bonding. We have clarified this within the protocol.
“Remove any dust and particulates with the repetitive application and removal of packaging tape to the surface of the PDMS block.”

11. Line 117: Please specify which fluid is used.
[bookmark: _Hlk61689474]	For the treatment of microfluidic devices we use Aquapel. However, Aquapel is a company/product. In an attempt to avoid commercial language (Editorial comment 19) we have rewritten the sentence to avoid confusion. 
“10.	Treat all microfluidic channels with a fluorinated surface treatment.
11.	Bake the device at 65 oC for at least 10 min.”

12. Line 125-126: “..and 1%” of what? Also specify if the syringe mentioned (line 126) is different from the one in line 124.
[bookmark: _Hlk61689553]	We have updated the protocol to include the name TEMED, 1% TEMED, and appropriately defining the abbreviation. We also specify that a new syringe should be used in loading this mixture.
“2.	Prepare an insoluble continuous phase consisting of 5% (w/w) deprotonated fluorosurfactant and 1% N,N,NN-Tetramethylethylenedi (TEMED) in hydrofluoroether (HFE) oil for the generation and stabilization of droplets. Load the solution into new 1 mL syringe.”

13. Line 133: “… droplets in..” instead of “…droplets to..”
[bookmark: _Hlk61689591]	We have updated the organization of this sentence as suggested.
“Collect 1 mL of the droplets in a 15 ml collection …”

14. Line 134-135: How and when is TEMED introduced?
[bookmark: _Hlk61689601]	TEMED was introduce within the oil phase (see Editorial comment 12). This describes the method of introducing TEMED for the polymerization of the PAA particles.

[bookmark: _Hlk61685406]15. Line 136: How is the oil removed?
[bookmark: _Hlk61689911]	Within the protocol, we have clarified that the oil is removed using a pipette.
“Remove the lower layer of oil by pipetting.”
16. Line 137: When should this be added? To which tube?
[bookmark: _Hlk61689927]	We have clarified which tube the PFO should be added, the collection tube now referenced as such within the previous step.
[bookmark: _Hlk61687374]“Collect 1 mL of the droplets in a 15 ml collection tube and …”
[bookmark: _Hlk61621890][bookmark: _Hlk61621410]“Add 1 mL of 20% (v/v) perfluoro-1-octanol (PFO) in HFE oil to the 15 mL collection tube as a chemical demulsifier.”

17. Lines 141, 145, 152, 171: How are the supernatants removed? Using what?
[bookmark: _Hlk61689971]	Here we remove the supernatants using a pipette. We have updated the protocol to specify this.
“Remove the PFO/HFE supernatant by pipetting.”
“Remove the supernatant by pipetting to remove surfactant/hexane solution.”
“Remove the supernatant by pipetting.”
“… remove the supernatant by pipetting and resuspend…”

18. Line 156: How is the average diameter determined? Please add details about microscopy/imaging.
[bookmark: _Hlk61690023]	The average diameter is determined using an optical microscope in correspondence with a calibration slide with known distances, necessary to convert pixels to distance. We have included a brief explanation of this process within the protocol.
“Calculate individual particle diameter by measuring the diameters in pixels and converting to microns. Conversion of pixels to microns may be calculated using the hemocytometer (or equivalent) as a calibration slide and measuring the known grid distance in pixels.”

19. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead (E.g. Line 158: “Platinum Multiplex Master Mix” can be replaced by “PCR master mix”).
[bookmark: _Hlk61690032]	We have proofread the manuscript and replaced the appropriate text with generic terms to avoid commercial language. We have noted any conflicts with editorial/reviewer comments within our response to reveiwers.

20. Line 159: What is the disperse phase prepared in?
[bookmark: _Hlk61690043]	We have clarified that the disperse phase is prepared in a fresh 1.5 mL microcentrifuge tube.
“prepare the disperse phase in a fresh 1.5 mL microcentrifuge tube according to:”

21. Line 169: Incubation temperature? Agitation speed? Instrument/method used for agitation?
[bookmark: _Hlk61690052]	We have identified the incubation temperature as room temperature and the agitation speed as 10 rpm using a tube rotator. The protocol has been updated accordingly.
“Incubate the disperse phase at room temperature for 5 min under gentle agitation (10 rpm) using a tube rotator to ensure homogenous distribution of the components.”

22. Line 174: “..pellet from 2.5..” instead of “..pellet from 2.4..”? Please check.
[bookmark: _Hlk61690144]	We have checked and clarified that the pellet is from step 2.5, not 2.4.
“… pellet from 2.5 and mix thoroughly via pipetting …”

23. Line 175: “..excess aqueous content/phase..” instead of “..excess aqueous..”.
	We have updated the protocol to aqueous content instead of just aqueous.
“The presence of excess aqueous content can decrease encapsulation efficiency.”

24. Line 203-205: Please provide details about fluorescent imaging (instruments used, wavelengths etc.). Also add these details in the table of materials.
	We use an EVOS FL Auto Imaging System, because the instrument name includes commercial language we have defaulted to a generic fluorescent microscope as suggested (Editorial comment 19). We have included the appropriate excitation and emission for fluorescent imaging.
“Image the sample using a fluorescent microscope with 490 nm excitation and 525 nm emission detection.”

25. Please include the details from Step 1 (preparation of the particles, fabrication of the device) in the highlighted part that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
	We have highlighted additional portions of the protocol that details the preparation of the microfluidic device and templating particle fabrication.

26. Please consider providing reaction set-ups and solution compositions as Tables in separate .xls or .xlsx files uploaded to your Editorial Manager account. These tables can then be referenced in the protocol text.
	As suggested, we have converted the Tables to separate .xlsx files and uploaded them within the Editorial Manager.

____________________________________
Reviewers' comments:
Reviewer #1:
Manuscript Summary:
The paper entitled "Particle templated emulsification enables microfluidic free droplet assays" is very interesting and significant to lower the access barrier to droplet-based digital PCR. However, the paper lacks some specifics to be truly reproducible by a non-expert. In addition, the paper lacks of a method to analyze fully the dPCR results. Also, it does not discuss the limitations of using commercially available particles due to their non-uniformity on the results of dPCR.
	We have expanded upon the analysis of the dPCR results, included results from commercially available particles, and also cited previous work (ref 11) that provides additional information on dPCR analysis and commercial limitations.

Specific remarks:
- Figure 1 does not show when the sample is added, panel A only describes the PCR mix
We have updated Figure 1 to include where/when the sample is added.

- line 71: the authors should provide the dimensions of the commercially available particles
	We have updated the text to include dimensions of the commercially available particles.
“Commercially available polyacrylamide particles compatible with particle templated emulsification include Bio-Gel P-60 Gel (Bio-Rad), 45-90 µm diameter.”

- line 117: what is the fluorinated surface treatment specifically?
[bookmark: _Hlk61689490]	The fluorinated surface treatment used to treat our devices is Aquapel. As requested (Editorial comments 18), we have avoided directly identifying the fluorinated surface treatment as Aquapel since it includes unpublishable commercial language. We have clarified within the materials list Aquapel as the fluorinated surface treatment.
“Treat all microfluidic channels with a fluorinated surface treatment to ensure surface hydrophobicity and prevent wetting.”

- line 125: what is deprotonated Krytox 157 FSH specifically?
	Krytox (157 FSH) is an ionic surfactant used in forming droplets. The surfactant is necessary for stabilizing drops produced either microfluidically or using particle templated emulsification. Specifically, the Krytox surfactant consists of a functionalized carboxylic acid group at the terminal fluoromethylene group of poly(hexafluoropropylene oxide). 
However numerous alternative surfactants can be used within this protocol. We have updated the protocol to use only one surfactant along with a  brief explanation of the role in droplet formation. 
[bookmark: _Hlk61599833][bookmark: _Hlk61687320]“Prepare an insoluble continuous phase consisting of 5% (w/w) 008-fluoroSurfactant and 1% N,N,NN-Tetramethylethylenedi (TEMED) in hydrofluoroether (HFE) oil for the generation and stabilization of droplets.”

- line 130: define the acronym PAA
	We have updated the text accordingly to define PAA.
“Prepare a polyacrylamide (PAA) solution consisting of 6.2% acrylamide, 0.18% N,N′-methylenebis (acrylamide), and 0.3% ammonium persulfate. Load this solution into a 1 mL syringe.”

- line 131: what syringe pumps are used? Is a custom script necessary, that sounds over-specific to the system used by the authors
[bookmark: _Hlk61689886]	We use New Era NE-501 syringe pumps in our setup, which we have now identified in the protocol. These pumps are controlled using a PC using a custom script we have made available using GitHub (see link). However, this is not necessary as many alternative commercially available syringe pumps do not require the use of the script. Within this step we have identified the critical flow rate requirement that must be met regardless of the syringe pump.
“Load both PAA and HFE solution containing syringes into NE-501 syringe pumps.”
[bookmark: _Hlk61948834]“Note: Depending on the model, syringe pumps may be controlled with built in input, manufacture software, or for NE-501 pumps a custom program (available at https://github.com/AbateLab/Pump-Control-Program).”

- line 134: when is TEMED introduced and how? There is no mention of TEMED before
[bookmark: _Hlk61689707]	We have updated the protocol to define TEMED and indicate where it is introduced.
“Prepare an insoluble continuous phase consisting of 5% (w/w) fluorosurfactant and 1% N,N,NN-Tetramethylethylenedi (TEMED) in hydrofluoroether (HFE) oil for the generation and stabilization of droplets.”

- line 146: how long could the beads be stored at 4C?
[bookmark: _Hlk61690000]	The polyacrylamide beads can be stored indefinitely at 4C. We have updated the protocol to specify this fact.	
“Resuspend in 5 mL TEBST. This solution may be stored at 4°C indefinitely.”

[bookmark: _Hlk61605718]- line 173: the authors should discuss the importance/impact of the pellet volume, and how that step may affect the results
[bookmark: _Hlk61690184]	One particular strength of particle templated emulsification is the ability to scale the reaction. The reaction described within this protocol targets 100 uL but can be expanded to larger (1 mL) or smaller (10 uL) pellets with the PCR master mix and oil being scaled accordingly. We have expanded on this explanation within the protocol.
“NOTE: Particle templated emulsification permits the emulsification of small (10 uL) to large (1 mL) volumes of templating particles. The PCR master mix (step 2.3) and oil (step 2.6) can be scaled according to the target (step 2.3) and measured (step 2.5) volume of the particle pellet respectively.”

[bookmark: _Hlk61606399]- line 179: define "weitz", define HFE oil
[bookmark: _Hlk61690194]	We have corrected weitz with the product name and defined HFE oil more accurately. The HFE oil is Novec 7500 Engineering Fluid from 3M. As requested, we have used a generic name to avoid commercial language (Editorial comment 19).
“Add 200 μL 2% 008-fluoroSurfactant in HFE oil to the tube as the insoluble continuous phase for emulsification.”
“2.	Prepare an insoluble continuous phase consisting of 5% (w/w) 008-fluoroSurfactant and 1% N,N,NN-Tetramethylethylenedi (TEMED) in hydrofluoroether (HFE) oil for the generation and stabilization of droplets”

[bookmark: _Hlk61608063]- line 209: provide the formulation to calculate the statistical error
	We have expanded on the calculations used within the protocol to include statistical error and concentration.
	We have added in corresponding calculation to determine the statistical error.
“The 95% confidence interval (zc = 1.96) for this calculation is given by:


”

[bookmark: _Hlk61689819]- line 263: Figure 4 does not demonstrate the ability to perform digital PCR, you should cite your work in ref. 11
	The images presented in Figure 4 are the fluorescent images following digital droplet PCR. The positive (green) droplets fluoresce due to the amplification of the yeast genome using a TaqMan probe within these droplets. The negative (blank) droplets, also containing the TaqMan probe, do not fluoresce because there is no amplification occurring within those droplets. Because the drops either fluoresce or do not fluoresce, the result is digital removing ambiguity from the result. Further analysis of the We have updated the manuscript to include additional references to the work, ref. 11.

- in the material list:
There is a difference between manufacturer and supplier that does not appear in the table: for instance, Sylgard 184 silicone elastomer kit is manufactured by Dow Chemicals and can be purchased at Krayden (or somewhere else).
There is no reference for TEMED, yeast genomic DNA, Tris-hcl should Tris-HCl, Microchem is now called Kayaku, HFE 7500 is referenced as HFE in the text or Novec 7500 in the list of material, Aquapel is not explicitly used in the protocol, the surfactant is appropriately called PEG-PFPE surfactant when it is called weitz in the protocol
	We have updated the material list and protocol to affect these changes.


Reviewer #2:
Manuscript Summary:
This paper describes a facile method to produce monodisperse monodisperse droplets by bulk vortexing. Digital PCR, although it was only qualitatively, was performed to demonstrate its application. It was interesting to know digitalized PCR can be performed in such a way.
Although this protocol promises to improve the availability of digital droplet assays, I see that there are many limitations users must take care. I think it is very important to clarify the extent of applicability of this method. In addition, the structure of the paper is not carefully examined. I recommend authors to restructure the whole story and re-submit the paper.
	This paper was purposely structured to fulfill the unique format JOVE provides scientists and is based upon the resources made available to the authors.

[bookmark: _Hlk61688060]Major Concerns:
1. Authors claimed that this method is advantageous because it does not require microfluidics. However, in the results section, they only described the results with gel beads produced by microfluidics. Authors should explain the results with the commercial beads, such as Bio-Gel beads mentioned by authors, and compare the effect of uniformity.
	We have prepared an additional Figure 5 with additional ddPCR data using the commercial beads and addressed the effect of uniformity within the manuscript pertaining to this discussion. More information regarding this topic can also be found within reference 11.
“These results are repeatable using commercially available polyacrylamide particles (Figure 5). This demonstrates the capability of PTE to perform standard digital PCR with commercially available polyacrylamide particles, achieving accurate measurements over the same range.”

[bookmark: _Hlk61689792]2. In my understanding authors assumed that components of reaction (enzymes, primers, etc.; Fig. 1A) is uniformly distributed inside and outside of gel beads. However, I am not sure if it is really the case. Since most of the mixture are removed at steps B to C in the same figure, I believe knowing the concentration of reaction inside the gel beads is important. Authors also should clarify if there is a possible inhibition of the reaction due to the presence of gel.
	The polyacrylamide hydrogels can be prepared with adjustable pore sizes allowing for varying degrees of reagent and/or sample penetration depending on the given application. Following the removal of excess aqueous content/phase in step B, a significant amount of aqueous content/phase remains within the interstitial spaces of the templating particle pellet. After emulsification, this volume results in the aqueous shells of each droplet. The template DNA, also within this volume, can then interact with any reagents within the droplet for digital droplet PCR. Previous work has investigated the possible inhibition of the PCR reaction using polyacrylamide. We feel that addressing this within the text, with supporting data, is outside the scope of the protocol and instead reference the work establishing particle templated emulsification.

[bookmark: _Hlk61689263]3. Authors assume that (and I agree that) the template DNA is present only in the thin aqueous layer at the surface of the beads. I wonder how authors can estimate the volume of this layer, which should be required to estimate the absolute concentration of the template. Authors described only a single equation in page 6, but there is no quantitative comparison between the theory and experiment.
	The volume of this layer has can be optically evaluated to determine the volume of the aqueous shell. The determination of template concentration using this information is overly complicated and prone to inaccuracies. Another, more accurate determination of the template concentration can be calculated using the Poisson statistics mentioned from page 6. Using the fraction of positive droplets (number of positive droplets / negative droplets) the number of template DNA can be determined. Knowing the volume of sample added (1 uL in this example) then allows for a determination of the concentration (molecules / volume) of template DNA to be determined. We have updated the protocol to better reflect this analysis. A more quantitative analysis of this methodology, including a comparison to standard microfluidic digital PCR and dilution curves is covered in previous work. We have included additional references to reflect this.
[bookmark: _Hlk61689243]“Quantify the positive fluorescent droplets (Np) and total drops (NT) to verify the presence and calculate the number of template molecules (λ) using the fraction of positive droplets (Np/NT) and Poisson statistics: 



The 95% confidence interval (zc = 1.96) for this calculation is given by:



Calculate the sample concentration (molecules/µL) using the volume ( in µL) of sample added in step 2.6, the concentration of the sample can be calculated by:



The mean and standard deviation of the sample concentration is determined using technical replicates.”

Minor Concerns:
[bookmark: _Hlk61621666]4. It is better to explain what are HFE-7500 and perfluoro-1-octanol, their physical properties, and how they work in the protocol. Not all authors are familiar with these materials.
[bookmark: _Hlk61689729]	We have briefly elaborated on the purpose of these chemicals within the protocol to benefit users.
“Prepare an insoluble continuous phase consisting of 5% (w/w) 008-fluoroSurfactant and 1% N,N,NN-Tetramethylethylenedi (TEMED) in hydrofluoroether (HFE) oil for the generation and stabilization of droplets.”
“Add 1 mL of 20% (v/v) perfluoro-1-octanol (PFO) in HFE oil to the 15 mL collection tube as a chemical demulsifier.”
5. In line 161, authors recommended the particle concentration should be 450 particles/uL. I wonder how this concentration is important, and how it may be affected by the size of beads.
	The protocol is flexible in regard to the particle concentration. The target is to supply sufficient templating particles for the Poisson loading of the sample. We have clarified this fact within the protocol.
“NOTE: The presence of excess aqueous content can decrease encapsulation efficiency. If the sample volume exceeds 1% of the pellet volume, concentrate the sample. If the sample cannot be concentrated, the PCR master mix and resulting pellet volume can be scaled according to the sample volume.”

[bookmark: _Hlk61622407]6. In line 171, authors noted that it is important to record the volume of removed supernatant. It is informative to mention the typical volume removed in this protocol.
[bookmark: _Hlk61690092]	We have updated the protocol to better explain the expected volume of supernatant that should be removed.
“NOTE: The amount of supernatant extracted will vary depending on particle packing, diameter, and concentration with the minimum expected volume is 300 μL.”

7. Line 174: The word "aqueous" is adjective, not noun.
	We have corrected the error with the addition of a noun.
“… excess aqueous content …”

[bookmark: _Hlk61623288]8. Line 175 to 177: The sentence is weird. I recommend to rewrite something like this,
Note: Presence of excess aqueous phase often deteriorate the singe-bead encapsulation. If the sample volume exceeds 1% of the pellet volume, the excess aqueous phase should be removed by a second centrifugation at 6000 x g for 1 min, after mixing the sample and the pellet.
[bookmark: _Hlk61690162]	We have rewritten the sentence to improve its clarity.
“NOTE: The presence of excess aqueous content can decrease encapsulation efficiency. If the sample volume exceeds 1% of the pellet volume, concentrate the sample. If the sample cannot be concentrated, the PCR master mix and resulting pellet volume can be scaled according to the sample volume.”

9. Line 179 to 184: What is 2% "weitz"?
	We have better defined the continuous phase within the protocol.
“Add 200 μL 2% 008-fluoroSurfactant in HFE oil to the tube as the insoluble continuous phase for emulsification.”

10. Line 183: Remove this or the.
	We have updated the protocol accordingly.
“Gently invert the tube several times to mix.”

11. Line 183 to 184: It is unclear which step should be repeated for 3 to 5 times.
	We have separated this instruction into its own step referencing the previous step to better clarify what is to be repeated.
[bookmark: _Hlk61623628]“Repeat step 2.8 up to 3-5 times or until small satellite droplets have been removed.”

