Rebuttal (Revisions for JoVE Submission; Due date: September 14, 2020)

Responses to Reviewers’ Comments

We thank the reviewers for their thorough evaluation of our manuscript. We hope we have addressed their concerns with our responses and edits to the text and figures. Point-by-point responses are italicized below each respective comment. All revisions in the revised text is highlighted via ‘Track Changes’ or ‘Comments’. Tables embedded in the Protocol have been removed from the text and instead included as separate .xls files. Desired placement of tables in the text of the Protocol is specified. 

Editorial Comments: 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.

Response: We have thoroughly proof-read the manuscript, ensuring no spelling or 	grammatical issues. 

2. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section. Please use Calibri 12 points.

Response: We made sure to ensure to these formatting requirements. 

3. Please provide an email address for each author.

Response: Email addresses for each author are now included on the title page. Previously, we just included the emails of the first authors and corresponding author. 

4. Please rephrase the Short Abstract/Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Presented here is a protocol …”

Response: The Summary was revised to be within the word limit with a concise description of the protocol.

5. Please ensure that the long Abstract is within 150-300-word limit and clearly states the goal of the protocol.

Response: The Abstract is now within the word limit and states the goals of our protocol to use multiplexed fluorescence imaging to study a broad spectrum of cellular systems. 

6. JoVE cannot publish manuscripts containing commercial language. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents.
For example: Nikon C2 confocal microscope, Leica Sp8 confocal microscope, HybEZ, ACD Bio, Advanced Cell Diagnostics, etc

Response: All commercial language was removed from the main text and only included in the Table of Materials. 

7. We cannot have non- numbered steps, subheadings, headings, paragraphs in the protocol section. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets, alphabets, or dashes.

	Response: Formatting has been adjusted in the Protocol. The numbering nomenclature is now 	following 1.1 to 1.1.1 to 1.1.2, as stated in the comment above. 

8. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.”

	Response: All text in the protocol is in the imperative tense. 

9. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed?

	Response: Further detail was added to the protocol steps to answer “how” each step is 	performed with additional detail on rationale for each step. 

10. Please use complete sentences throughout providing all volumes, concentration, etc.

	Response: Complete sentences are used throughout the Protocol. 

11. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections.

Response: This comment has been addressed. 

12. When do you introduce viral particles to the cells?

	Response: We added when to add viral particles to the cells in Step 1 of the Protocol. Since 	there are differences in infection protocols across different viruses and since this protocol can 	be broadly applied to different cellular systems (without viruses), we specified to infect/treat 	cells during cell seeding of adherent cells or prior to seeding on poly-d-lysine coated coverslips 	for suspension cells. The specifics of infection/treatment vary upon experimental design. 

13. Adherent cells: Cell number used for step 1?

	Response: In Step 1, we specified that we aim for 50-70% cellular confluence prior to fixation in 	4% PFA. 

14. Buffer preparation can be moved to a table and uploaded separately as .xlsx file. This table can be referenced wherever applicable.

	Response: Buffer setup has been added as Table 1. We uploaded the table as an excel file (.xls) 	and reference the table appropriately. In the body of the Protocol, we specified where we 	wanted Table 1 placed. (eg. [Place Table 1 here])

15. Please combine some of the shorter Protocol steps so that individual steps contain 2-3 actions per step.

	Response: Shorter steps were combined to contain multiple actions. 

16. Please remove the embedded Table from the manuscript. All tables should be uploaded separately to your Editorial Manager account in the form of an .xls or .xlsx file. Each table must be accompanied by a title and a description after the Representative Results of the manuscript text.

Response: This Table explaining selection of Amp 4-FL (fluorescent probe selection for multiplexed labeling) is now uploaded as an xls file similar to the Reagent Setup Table (Table 1). All four Tables were uploaded as .xls files and specified where to add in the Protocol. 

17. Only one note can follow one step. In the JoVE Protocol format, “Notes” should be concise and used sparingly. They should only be used to provide extraneous details, optional steps, or recommendations that are not critical to a step. Any text that provides details about how to perform a particular step should either be included in the step itself or added as a sub-step.

Response: The text in the Protocol now follows the specifications stated above. 

18. There is a 10-page limit for the Protocol, but there is a 3-page limit for filmable content. Please highlight 3 pages or less of the Protocol (including headings and spacing) 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. The highlighted steps should form a cohesive narrative with a logical flow from one highlighted step to the next.

Response: Steps that we want to highlight for filming have highlighted in yellow. 

19. Notes cannot be filmed.

Response: No notes are now highlighted in yellow. 

20. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”

Response: All figures and content presented are original data not previously published. 

21. As we are a methods journal, please ensure that the Discussion explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique

Response: We discussed in depth critical steps that may require optimization (protease treatment, probe design, and target probe hybridization. In addition, we discuss limitations to the technique being attributed to differences in probe hybridization efficiency across different probe sets. In addition, improving hybridization may come at the cost of impaired immunostaining efficiency (higher temperatures for probe annealing and target denaturation may affect protein epitope stability for antibody recognition). We also highlighted benefits of our method over conventional FISH and other nucleic acid labeling methods (Edu labeling). Future applications of this method include application to a broad array of cell culture models. 

22. Please do not abbreviate the journal titles in the references section.

Response: We ensured we are following proper citations in the reference section. We are using the JoVE citation output in EndNote. 

Reviewer 1:

Comments: The authors provided a very well detailed protocol of their innovative Multiplex Immunofluorescent Cell-based Detection of DNA, RNA and Protein (MICDDRP) approach to achieve simultaneous detection of RNA, DNA and proteins at a single cell level. They took advantage of the existing branched DNA (bDNA) in situ hybridization technology to obtain a highly sensitive and easily detectable nucleic acid staining and further improved the technique in order to allow simultaneous detection of DNA, RNA and proteins, which would be otherwise unachievable with the commercialized products. This technique will prove particularly useful to study viral life cycle and viral infection dynamics. As a proof of concept, the authors provided representative results where they successfully detected DNA, RNA and proteins in single cells infected with a broad range of RNA and DNA viruses (i.e HIV-1, HTLV-1, HBV, HCV, ZKV and IAV).

Overall, the method proposed by the authors is extremely interesting and smart. They abundantly proved the versatility and solidity of the technique by showing representative results on different cell types infected with six different viruses.

However, the protocol could use few minor adjustments in order to further facilitate method reproducibility.

Major Concerns: 

1. The addition of a schematic and accurate workflow depicting the main steps of the protocol will provide an overview of the protocols and largely facilitate its implementation. The authors could then refer to the figure throughout the text to guide the reader into the method application.
This figure will be a great addition to the already provided figure 1 where the authors provided the method concept.

	Response: We would like to thank Reviewer 1 for the thorough and thoughtful feedback 	on improving the readability and clarity of the Protocol. The addition of a step-by-step 	workflow to complement our schematic (Figure 1A), which we reference throughout 	the text 	with the purpose of helping orient the reader in this lengthy protocol, is now 	included as 	Figure 1B.  We highlight the 13 major steps, stating when to perform 	optional steps (Cellular 	dehydration (for storage) and RNase-treat), as well as how long 	each step may take. 

2. Some step of the protocol could benefit of more clarity:

- As a general comment: it will be useful to add a short description below every main step title explaing the rationale behind it and adding the material needed and any note or tips for the user at that point (i.e reactive should be at room temperature, or samples can be stored at -20°C) i.e: Step 1 Cell Fixation: this step allow to preserve cellular morphology
Note: 4% PFA and PBS should be a brought at RT before applying on the cells

Response: We added more detail and descriptions to each of the main steps, addressing the rationale for each step, as well as how to execute each step with greater clarity. 

3. - Step 2 and 3 Dehydrate and Rehydrate cells:
o I assume that those steps are optional and of use only if it is not possible to carry on the experiment right away. If this is the case, this should be state in the protocol as a note.
o Every "note" or "Important" should be placed below the step title (or at the end of the paragraph if the author prefer) but there should be consistency throughout the protocol

Response: This is a very good point since dehydration/rehydration of cells is an optional step (stopping point). We emphasized this point with a “Note” and added these steps as substeps following cellular fixation in Step 2. 

4. - Line 145 to 154: this" Note" should be either divided and placed below every concerned step or the author should add a "Reagents preparation" or "Setup" section to include all solutions and material that should be prepared in advance or that could be prepare in batch and frozen (if any) (Hybridization buffer could also be on this section)

Response: We made the revisions above, and this will provide readers with a Table (Table I) for setup of critical reagents and added additional detail on reagent preparation, as a ‘Note’, in each respective step. 

5. - Step 5 Coverslip immobilization:
o Line 165: although it may seem logical, for sake of clarity the authors should specify that the cell layer should face up when fixing the coverslip

Response: We explicitly state what side the cell layer should be when immobilizing the coverslip before protease treatment in Step 4, and again clearly state what side the cellular layer should be when mounting the coverslip on a slide prior to imaging. 

6. - Step 6 Protease treatment:
o If possible, the authors should add some detail on how to dilute proteases, although they state that it will need optimization, would it be possible to add some tips on how to optimize the amount of protease and what to aim for during optimization?

Response: We added additional ‘tips’ for diluting the protease in the Protocol (Step 4), and in addition, added more detail in the Introduction and Discussion on how to optimize protease digestion to improve hybridization efficiency without compromising protein staining. 

7. - Step 9 Probe application
Probe acronyms are cited during the protocol already from the beginning of the text (line 150) without being introduced or explained
o The authors may consider adding a paragraph with some information on the probes used and if possible tips on how design probes and combine them. Indeed a section at the beginning of the protocol explaining how to select a probe, how to combine them in case of multiplexing, which probes are available (in term of fluorophore) will be a highly valuable addition to the paper.
o Crucial steps as Hybridization, addition of preamplifier and amplifiers should be a part of a workflow.

Response: We removed any probe acronyms. This originally served as an example, where we wanted to demonstrate how we can specifically use the HIV probes in this case to label viral nucleic acid and choose the appropriate fluorophore pairs for multiplexed DNA/RNA imaging. In addition, we added details on the theory of bDNA imaging, probe design (description of target probes, pre-amplifiers, amplifiers, and fluorophores), and how to choose the appropriate fluorophore combinations for multiplexed in-situ labeling. These details were specifically added to the Introduction, and we provide examples of how to choose fluorophore combinations in Step 9 of the Protocol and within the Figure Legends of Figures 2-3, where we state what channel target probes were used for multiplexed imaging in HIV and HTLV-1 infections and how to choose the fluorescent probe (Amp 4-FL). We also stated that three color channels are available with three different fluorophores (Alexa 488, Atto 550, and Alexa 647)

8. - Step 10-13 Amp 1-4 FL Hybridization:
o The authors should clarify the role of the 4 amplifier and make clear how to use them (together in combination? In different slides? ) although this may appear naïve, for a new user it could be very helpful.

Response: As stated in our response to ‘Major Concern #7’ above, we added detail on the role of the 4th amplifier (fluorescent probe) and described how to utilize these probes for multiplexed imaging in greater detail. In addition, we added examples in two of our Figures on how to appropriately choose the fluorescent probes. Additional details were added in the Note after Table 4.

Minor Concerns:

1. - Figures:
Figure 2 to 7 are very nice and provide strong evidence on the solidity of the proposed technique
o For sake of clarity, the authors may consider adding the Probe name /channel and amplifier used in the legend.

	Response: This was a great suggestion, and we added the channel name for the DNA and RNA 	probes for HIV and HTLV-1 and the amplifier fluorescent probe in the Legends of Figures 2-3.

Reviewer 2: 

Comments: The article by Shah et al., lays out a detailed protocol to perform the RNAscope hybridization technique to label viral nucleic acids in combination with immunofluorescence to label proteins. As a frequent user of this particular technique, I strongly believe this article would be a go to guide for anyone planning to use this approach.

The protocol is presented in a logical manner and thus easier for anyone to understand. In addition, every step described has the appropriate volumes mentioned. Apart from a few major points mentioned below, this is a well-described protocol paper and a technique that would be useful for a number of studies.

Major Concerns: 

1. Section 7 (line 188) in the article was a bit confusing. What do the authors mean by Re-Fixation?

Response: This line/step was removed for clarity. We found that fixing twice may improve in some cases hybridization efficiency in certain cases. However, its contribution was marginal and did not have an effect on the representative imaging presented in this manuscript. 

2. Section 8 (Line 219-220). The hybridization buffer is incubated with the slides? Please mention slides in this line. Also please mention this step is required only for vDNA staining.
Similarly in section 9 (line 226-227), is the prehybridization step at 67 degrees required when staining for both vRNA and vDNA? Please clarify and If this step (section 8) would result in the loss of vRNA signal.

Response: The hybridization buffer is incubated separately. The slides merely serve as a support for the coverslips, where the coverslips are adhered to slides with the cell side facing up through most of this protocol. The slides allow easy transfer of the coverslips in between hybridization steps and washes. Incubating the slides affects the adhesiveness of the nail polish, and the coverslips are more prone to following off and getting misplaced during the wash steps (wash with gentle agitation). We also clarified that the hybridization buffer can be used for both DNA/RNA staining. Target probes can be diluted in this buffer as appropriate. This step has not resulted in the loss of RNA signal, but we have found that other hybridization buffers used in more conventional FISH methods can affect RNA staining efficiency. 

3. For figures 2-7, what are the background signals observed with the probes? uninfected samples? Please show images or mention about the background signal obtained in the main text.

Response: To address this concern, we included proper controls (Figures 4-5) to show the background signals associated with the hybridization probes and protein staining efficiency in MICDDRP compared to conventional immunofluorescence approaches. To summarize, we demonstrate that our probes are highly specific (no cross-reactivity between HIV & HTLV) and that MICDDRP does not reduce protein staining efficiency or lead to higher levels of background compared to conventional immunofluorescence. 

Minor Concerns: 

1. A point worth mentioning in the discussion is the suitability of this staining protocol when using lentiviral transduced cell lines.
For instance, the HIV-1 probes used might generate higher background even in uninfected population when a lentiviral construct is used to stably express a particular protein of interest.

	Response: This is a very valid and important point. To validate the specificity and lack of cross-	reactivity between our target probes, in our newly added Figure 4, we show that the HIV-1 	probes are highly specific to HIV and not any host DNA/transcripts, as well as not cross-reactivity 	with HTLV-1 (another retrovirus). 

2. Are there references that have already used this protocol? It might improve the value of this article if they suggest some references that have already used this approach to address important questions.

Response: Within the Introduction, we highlight some research manuscripts from our lab that have used this protocol to study viral infection (Puray-Chavez et al. 2017, Nat. Comm., Ukah et al. 2018, Viruses, Liu et al. 2019, Viruses). In addition, we cited two recent high-profile publications that have used this approach and referenced our original study (Puray-Chavez et al. 2017) to track HIV integration site selection (Francis et al. 2020, Nat. Comm.) and HIV reverse transcription kinetics (Dharan et al. 2020, Nat Microbiol.). These two respective citations are referenced in the Discussion. 

Reviewer 3:

Comments: The authors demonstrate simultaneously fluorescence imaging of DNA, RNA and proteins of viral origin in fixed cells. Sensitivity of RNA-FISH (using commercial RNA-Scope probes, ACD Bio) and Immuno-fluorescence is demonstrated. There are two key characterizations that improve the suitability of the method for simultaneous NA/ protein imaging. 1. Standardization of Protease dilution ratio with PBS for different viruses and viral DNA/RNA combinations. 2.Usage of Hybridization buffer to dilute probes (which is standard in most FISH protocols) The authors show imaging across various viruses and some protein /RNA/DNA combinations in each case. In general the method seems to be broadly applicable.

Major Concerns:

1. The usage of the protease enzyme in samples before FISH and immuno-staining would cause loss of the proteins in the cells. By controlling the protease treatment, they are able to limit some of this loss but it might be an issue when low levels of proteins are present (eg. early in the virus infection cycle). There has been no attempt to estimate the level of such loss due to the initial protease treatment.

Response: As stated above, we addressed the issue of the effects of protease treatment and in-situ hybridization affecting protein staining efficiency in Figure 5 by assessing differences in staining of nuclear speckle marker, sc-35, using MICDDRP compared to conventional IF. However, as suggested by Reviewer 3, it would also be a good control to assess labeling and detection of a less abundant protein. We have however, been able to detect viral protein during early infection time points, suggesting sensitivity is not heavily affected. Overall, our method does not appear to impair protein staining efficiency for the immunostaining we have performed to date, and in addition, MICDDRP does not impart high levels of background signal. 

2. Negative controls for many cases is not shown. While the RNAscope probes are very specific, immunofluorescence post protease treatment can result in higher backgrounds.

Response: As stated above, negative controls were added to Figures 4-5, demonstrating the target probes are highly specific and impart low to no discernable differences in background (no hybridization to uninfected cells). In addition, we demonstrate that RNase-treatment removes the vRNA signal following labeling of HIV nucleic acid. In Figure 5, we also quantified the levels of background following MICDDRP when we did not add a primary antibody. The levels of background were orders of magnitude lower that protein signal obtained through conventional IF or immunostaining following our MICDDRP protocol (Figure 5E). 

Minor Concerns:

1. The image sets for HTLV (figure -3) and ZIKV (figure - 7) shows signals for different kinds of nucleic acids only(RNA/DNA FISH) but no IF. It would be great if some more simultaneous IF/RNA FISH is shown.

Response: We would have added images with protein staining for HTLV-1 and ZIKV if we had it. During our development of this protocol, we used HTLV-1 to validate the specificity of our HIV-1 probes to demonstrate no cross-reactivity and low background imparted by our protocol. For ZIKV imaging, we were interested in tracking (+) and (-) sense vRNA products. We added imaging for HTLV-1 and ZIKV to demonstrate that through this protocol we can not only label DNA and RNA but also label RNA of different strandedness. This is especially important when tracking replication kinetics of RNA viruses. Unfortunately, while the addition of imaging with IF would be a helpful additional figure, these images are not currently available. 

Reviewer 4: 

Comments: The method paper by Shah et al applied their fluorescence imaging approach, multiplex immunofluorescent cell-based detection of DNA, RNA, and protein (MICDDRP), that they developed earlier for HIV-1 (Ref #3) for other viral detection. The method is presented in an appropriate way and well written and can be accepted in it's current form.

Major Concerns:
None

Minor Concerns:
None

	

