
We would like to thank the Editors and Reviewers for the constructive criticism.  Please see our in-line answer below, divided between responses to Editors and to Reviewers.  

Editorial Comments:

• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors.

We proof read the manuscript for errors and addressed any spelling and grammatical errors.

• Protocol Language: Please ensure that all text in the protocol section is written in the imperative voice/tense as if you are telling someone how to do the technique (i.e. “Do this”, “Measure that” etc.) Any text that cannot be written in the imperative tense may be added as a “Note”, however, notes should be used sparingly and actions should be described in the imperative tense wherever possible.
1) Some examples NOT in the imperative: 1.1.,1.3, etc
2) Split up long steps into multiple steps (e.g., 1.3)

The protocol was edited according to Editor’s suggestions so that it is more direct and utilizes imperative/active voice. Additionally, longer and more involved steps were broken down into smaller, more manageable steps to provide clarity to the viewers so that they can easily replicate the protocol. 

• Protocol Detail: Please note that your protocol will be used to generate the script for the video, and must contain everything that you would like shown in the video. Please ensure that all specific details (e.g. button clicks for software actions, numerical values for settings, etc) have been added to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol. Some examples:
1) 1.1: mention concentrations of L-glutamine, sodium pyruvate, pen-strep.
2) 1.2: What is the poly-D-lysine concentration?
3) 1.3: How much trypsin solution? How is it neutralized?
4) 6.6, 7.7: unclear what is done and what we would film here. You may upload supplementary figures to accompany this step.
Detail was added to the protocol so that the viewers can easily replicate the protocol. Specific concentrations, reagent volumes etc. were added for further clarification. 

• Protocol Highlight: Some steps from section 1 will need to be highlighted for completeness. After you have made all of the recommended changes to your protocol (listed above), please re-evaluate the length of your protocol section. Please highlight ~2.5 pages or less of text (which includes headings and spaces) in yellow, to identify which steps should be visualized to tell the most cohesive story of your protocol steps.
1) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow from one highlighted step to the next.
2) Please highlight complete sentences (not parts of sentences). Include sub-headings and spaces when calculating the final highlighted length.
3) Notes cannot be filmed and should be excluded from highlighting.

• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) future applications and 5) critical steps within the protocol.
The discussion was re-worked to address these six topics.

• Figures: Please remove the embedded figures from the manuscript. Figure legends, however, should remain within the manuscript text, directly below the Representative Results text.
The figures were removed from the manuscript, and the figure legends remained in the manuscript following the representative results section.

• References: Please spell out journal names.
All journal names were added in the references section. 

• Commercial Language: JoVE is unable to publish manuscripts containing commercial sounding language, including trademark or registered trademark symbols (TM/R) and the mention of company brand names before an instrument or reagent. Examples of commercial sounding language in your manuscript are (Thermo Scientific, parafilm, Promega, LGC Biosearch Technologies, (ThermoFisher Scientific, VectaShield,. GE Healthcare DVLive¸
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in your manuscript with generic names that are not company-specific. All commercial products should be sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names.

Commercial language has been removed from the manuscript. If those who are following this protocol require specific products, they have been added to the table of materials. 

• Table of Materials:1) Please provide the table as a separate excel file and remove it from the manuscript.
2) Please sort in alphabetical order.
Table of materials is separate from the manuscript as its own excel file and is alphabetized by the name of material/equipment. 

• If your figures and tables are original and not published previously or you have already obtained figure permissions, please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from [citation]."
 
The figures and tables are original and not previously published. 

 

Comments from Peer-Reviewers: 

We thank the reviewers for the attention they put in suggesting changes to better the workflow and details of the protocol.  

____________________________________
Reviewers' comments:
Reviewer #1: 
Manuscript Summary:
The authors outline in detail method for observing mature and nascent RNAs in mammalian cells using smFISH. This is an extremely useful technique and the authors are doing a good service by writing a method. I look forward to seeing the video. I do have a few recommendations:

Major Concerns:
6.5. I think the ref 23 and the formula should be removed. The constants are not explained properly and I'm not sure this formula is appropriate for calculating sample size in this context. The first half of the point which suggests using Central Limit theorem is more appropriate. Discussion of choosing sample size is good but is generic to almost any scientific study so the methods don't need to be discussed in detail here.

We agree that this section is not necessary for the protocol and we removed it from the manuscript.  

7.1 I could not access the jupyter notebook. It appears the Repo doesn't exist.

We apologize for the inconvenience; we will post the pipeline on GitHub upon acceptance of the manuscript.  We will be happy to share the code with the reviewer if necessary.  

7.7 Details need to be provided here on how you're segmenting the cells? How you expand them to get a rough estimate of boundaries? How you segment for exons and introns? How you assign to specific nuclei. These are key details. Especially if someone was trying to reproduce this without using exactly the same image analysis software.

We segmented nuclei using local thresholding with a block size of 251 pixels, holes were filled and objects smaller than 100 pixels were removed.  We split touching nuclei using a watershed algorithm.  Then the nuclear mask was dilated by 100 pixels and then watershed was used to separate touching objects, using nuclei as basins.  For exons, we used Otsu thresholding, for introns we first gaussian blurred with sigma=1 and then did max entropy thresholding; afterwards they are related to the object they belong to.  We added some description to the manuscript and more extensive notes are embedded into the Jupyter notebook. 

Figure 2A-C: Error bars would be good here. Ideally by doing technical replicates of the experiment and taking the mean and SE but could the authors use bootstrapping or divide up their data to generate error here?

We thank the reviewer for the suggestion, the idea here was to provide images and the graphs directly correlated to them, hence the lack of error bars.  We provide here a graph with mean +/- StDev obtained via bootstrapping.  
[image: ]    

Minor Concerns:
Step 1.2: describe acid-etched and poly-lysine coating or link to where these details can be found.

The coverslips were acid-etched and coated with poly-D-lysine according to standard lab protocols. The concentrations of HCl and poly-d-lysine were added to the protocol. We can provide a more detailed protocol to the reviewer if needed, but we did not feel that this step required a long explanation as it is a fairly standard procedure. 

Step 1.3 please add in estimate for ideal cell confluency for these experiments.

An estimated cell confluency was added. As stated in the protocol, the seeding density of the cells will depend on the length of the experiment conducted and the cell model doubling time. 

4.3 working dilution of probes should be empirically tested, please briefly describe

We added a brief description on how to test the probe dilution in the discussion as a part of the modifications and troubleshooting. We recommend testing various dilutions between 1:250 and 1:1000 to determine what dilution would work best for your sample. 

4.4 This will be useful to see in the video so please make sure these steps are clear here.

We completely agree that seeing this step in the video would be very helpful; we also tried to describe it a little more in the write-up as well.  

Figure 2A: please separate the bars so they are easier to see.

We changed Figure 2A separating the bars

Reviewer #2: 
Manuscript Summary:
Stossi and colleagues describe the use of single molecule RNA-FISH (smFISH) for analyzing transcriptional changes in cultured cells upon drug treatment.
The provided protocol gives a good overview of the underlying molecular phenomenon and a comprehensive, step-by-step description of both the smFISH procedure and the subsequent image analysis.
Although many iterations of this protocol can be found in the literature, nevertheless, this manuscript is going to be useful for scientists of the RNA field.

Major Concerns:
- there are many state-of-the art single molecule RNA detection assays other than smFISH. The authors list the classical (conventional) RNA FISH that uses a single, multiply (and stochastichally) labelled ssDNA/RNA probe, but do not discuss the pors and cons of this method.
Also, there are other methods, like HCR, smiFISH, SABER-FISH etc. that introduce signal amplification steps similar to the branched DNA based RNAScope. The authors should consider expanding this part of the introduction

We decided to further discuss alternative methods and methods that expand on smFISH in the discussion. We feel that explaining the pros and cons of various FISH related methods is best addressed in the discussion to help explain the limitations of the technique.

- bivalent cations (especially Mg2+) are known to chemically cleave RNA molecules and also to interfere with hybridization (they usually over-stabilize hybrids, even partial ones) thus I'm surprised that the authors use PBS that contain these ions for the fixative and for the washes. In most protocols I'm aware of the use of such buffers is strongly discouraged.

We use the probe manufacturer protocol as a basic outline for the fix, hybridization and wash steps. In their protocol, they utilize PBS however do not mention the need for this PBS to be without bivalent cations. We have not seen degradation of the RNA when using PBS with Ca++/Mg++, which helps with preserving cell morphology. 

- the authors mention that image acquisition should be carried out according to Nyquist sampling, which is commendable. However, for this reasons it would be best to describe the lateral resolution of pixels (in nm) in step 6.2 instead of a fixed frame size (1024*1024) as this will vary with the objective used.
Also, as there are some different ideas out in the field what does Nyquist sampling mean in 2D (the originally proposed over-sampling rate is 2-fold for a 1D signal), it would be best if the authors would describe what is the over-sampling rate they use as Nyquist sampling.

The manuscript was edited to include the lateral pixel size and the fixed frame size was removed. 

- I was surprised to read that the authors use maximal intensity projections as inputs for their image analysis. In my opinion, this is problematic for several reasons:
* underestimating true copy numbers due to masking/fusion due to projection
* as the top and bottom slices contain only partial information of the true signal in them, image restoration by deconvolution usually performs poorly on them - in my experience there is a strong enhancement of noise in the top and bottom 2 slices with this sampling rate. If these reconstituted slices are used for generating the maximum intensity projection that can lead to serious errors in estimating true copy numbers
The reviewer’s points are well taken – while it is true that there could be some underestimation, overall, the exonic spots for most target genes are not dense enough to cause a large error.  Acquiring a large number of cells (>500) also mitigates errors from projections without impacting the distribution curves for the number of RNAs/cell.  
The top and bottom slices are indeed contributing to the noise in the images, however, if the SNR of the spots is good enough it is a minor nuisance in terms of segmentation and spot counting.  Plus most of the information is contained in the central z slices.  

- although the difference between control and treated experiments is obvious in this case, since this is a quantitative method, could the authors provide a section of the statistical analyses, i.e. how would they compare the data shown in Figure 2?

Statistical analysis of single cell data distributions is beyond the scope of this protocol.  We suggest the reviewer looks at some of our published work (and others) – for example Stossi et al., SLAS Discovery 2020 and Gough et al., SLAS Discovery 2017. 
[bookmark: _GoBack]
Minor Concerns:
- it would be best to write epifluorescence microscopy coupled with deconvolution in the last sentence of the Introduction
We changed the wording as requested by the reviewer.  

- it is unclear what are the Za and Zb (Z1-b) constant values in the formula provided in 6.5 - are these the type I error (alpha, typically 0.05) and type II error (beta, typically 0.2, granting 80% power for the statistical test)? Could the authors provide a numerical example at this step?
We apologize, also in response to the other reviewer, we removed this part from the protocol

- the detected spots of mRNA and intron containing pre-mRNA are difficult to distinguish visually in Figure 1B, I would suggest using different colors (typically green and magenta work well) - or maybe this is because of image compression issues in the version I received?

The available high resolution images do not have visualization problems that we can observe, we will make sure everything is clearly visible in the final version
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