Response to Reviewers

We wish to thank all of the reviewers and editors for their insightful comments that have helped improve our protocol and manuscript. Please find a point-by-point response to individual comments below, as well as the page and line references to the adjustments we made in the text.

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.
We have proof read and attempted to correct grammar and spelling errors throughout the manuscript.
2. 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. All commercial products should be sufficiently referenced in the Table of Materials. You may use the generic term followed by “(Table of Materials)” to draw the readers’ attention to specific commercial names. Examples of commercial sounding language in your manuscript are: Whatman, TRIzol, Kim wipe, etc.
Thank you for the clarification. Please see the changes throughout the text.
3. Please revise the Protocol text to avoid the use of personal pronouns (e.g., I, you, your, we, our) or colloquial phrases.
Personal pronouns and colloquial phrases have been removed from the protocol.
4. 2.10: Please describe how to remove non-IFM muscles, fat, cuticle, etc.
Please see the updated description on Page 4, Section 2.10.
5. Figures: Please include a scale bar, ideally at the lower right corner, for all microscopic images to provide context to the magnification used. Define the scale in the appropriate figure Legend.
Scale bars have been added to all image panels, and defined in the corresponding legends.
6. Figure 4: Please remove commercial language (Trizol, Promega, NEB Monarch, Zymo, Invitrogen, Direct-zol, etc.)” and replace them with generic terms if necessary.
Commercial language has been replaced with generic terms.
7. Figure 4 and Figure 5: Please include a space between numbers and their corresponding units (30 h, 48 h, 72 h, etc.).
Figure text has been updated. 
8. Please remove the embedded Table of Materials from the manuscript.
The Table of Materials has been removed from the manuscript.


Reviewers' comments:
Reviewer #1:
Manuscript Summary:
In the manuscript entitled: "Dissection of Drosophila melanogaster flight muscles for -omics approaches", Kao et al. describe an optimized method of dissecting Drosophila indirect flight muscles (IFM) throughout development that is suitable for transcriptomics and proteomics approaches. Their method, like other dissecting protocols, is based on the careful dissection of muscle fibers. As dissecting these muscles is tedious, the authors describe the use of a muscle-specific GFP to label the muscles and help the dissection process. The GFP labeling is particularly important for the early stages of development when the IFM are hard to distinguish (<40h). The authors clearly describe all the steps required for the dissection and comment on specific details that are important at different developmental time points. All the steps listed in the procedure are well explained in the text and in the figures and the materials and equipment needed are listed in the table of materials. Additionally, the authors use their protocol to investigate the role of Bruno in alternative splicing. The results section reads well and provides a perfect example of the use of the dissection protocol.
I am sure the provided manuscript will be a nice addition to JoVE and a helpful resource for the Drosophila research community.
We appreciate the positive evaluation and recommendation!

However, I have some comments that might help the authors improve their protocol.
1) The dissection part of the protocol is surely highly variable depending on the skill of the person dissecting and the developmental stage of the IFM. It is possible that samples from earlier time points are less enriched for IFM tissue than samples from later time points. The authors could provide a way of normalizing the final data to the relative amount of IFM tissue in the sample. For example, estimating the IFM purity by comparing a known IFM-specific gene to tubulin. This will make comparisons between time points more robust and help when comparing data obtained by different people.
This is an excellent idea that we have often considered implementing ourselves. The tricky part is actually selecting genes to use for the normalization. We typically analyze our data in the context of the timecourse, and tubulin itself changes expression levels as IFM develops (see Spletter et al., Elife, 2018 or Sarov et al., Elife, 2016). We can confirm this at the level of RT-PCR and protein reporter expression, suggesting the developmental changes in expression are real. There is also up and down regulation of most every other gene we have examined as a possible normalization candidate (ribosomal proteins, mitochondrial proteins, cytoskeletal proteins, chromatin regulation and transcriptional machinery). Arguably, such wide-reaching expression changes are expected when analyzing timepoints from the stem cell-like myoblast state, or even a newly-specified flight muscle at 16-24 h APF, all of the way through the fully differentiated tissue. Further, the majority of IFM-specific genes are either first upregulated between 30-72 h APF (i.e. Fln, Strn-Mlck IsoR) or are dramatically upregulated after 48 h APF (i.e. Act88F). Both cases provide a challenge to normalization and not creating artifactual expression levels when comparing across timepoints. Thus, we have no established protocol to normalize the data as the reviewer suggests. We added a comment in the text to suggest this may be an option when analyzing a given timepoint (Page 12).

2) The authors label the muscles using GFP expressed under the Mef2 promoter (Mef2-Gal4, UAS-GFP). While useful to study the function of Bruno, this approach is limited to study genes that are not lethal upon depletion in all muscles. Depletion of most genes is lethal before the pupal stages. The authors should comment on the use of other Gal4 lines. Maybe other Gal4 lines are not well suited for labeling the IFM at earlier stages, the authors should comment on this matter. Alternatively, they may just explain why they chose to use Mef2 instead of other IFM-specific driver lines.
We use Mef2-Gal4 as it labels IFM differentially at all timepoints we are interested in studying and we can use the same genotype for all of our samples. Using Gal80ts, it is possible to avoid embryonic/larval lethality associated with knock-down of most genes, and indeed it is possible to use other drivers (1151-Gal4, Him-Gal4, Salm-Gal4, Act88F-Gal4 or Fln-Gal4) depending on the timepoint to be addressed in the user’s experiment. We made a short comment on Gal4 line choice in the discussion of the original submission (Page 12), and we have expanded on this to make Gal4 selection clearer and to address the reviewer’s comment (Page 13). 

3) Detergents such as Triton-X are typically used to avoid the stickiness of samples to the forceps or the pipette tips. The authors clearly state that they use PBS without Triton-X. Is there a reason for this?
Triton-X is a detergent and compromises membrane stability. We use PBS without Triton-X to keep the muscles alive longer and limit RNA degradation associated with muscle cell death. We observed that we obtained better RNA samples without Trixon-X in the dissection buffer early on when establishing the dissections, and did not re-test this when repeating the dissections for the plots shown in Figure 4 of this protocol. We have added a comment about this in the Supplementary Materials and Methods (under RNA isolation). 


Reviewer #2: 
Manuscript Summary:
The authors present a detailed protocol for isolation of fluorescente labeled indirect flight muscles of Drosophila, from early stages of development to adults, to generate samples suitable for omic. analyses such as RNAseq and proteomics. They provide a comparison of how different extraction techniques of total RNA may affect the performance. Finally, they show a nice example of the protocol in action. Of note, is that their protocol allow to extract enough amount of material to perform RNAseq and mass spec analyses in a short period of time avoiding changes in gene expression or cell death due to exposure to non-physiological conditions.

Major Concerns:
There are no major concerns regarding the article.

Minor Concerns:
I listed below some suggestions that may improve the article.

Line 163, Figure 2: Could it be possible to do this in a regular dissecting dish using a black background in the dissecting microscope? Maybe the authors could comment about this. I find difficult to get black dissecting dishes, at least in my country it will take some time.
Thank you, this is a good point. The dissections should be possible in any type of watch glass or transparent dissection dish with a black background. There tends to be a bit more diffuse fluorescence in these cases, which is why we prefer the black dishes. It is also possible to dissect on the black silicon dishes commonly used in the fly community, although the tissue does not stay as nicely in place as on a curved surface. We have added a comment on this in the text (Page 4) and discussed other options in the Supplemental Methods (first paragraph under RNA isolation).

Line 182 184, Figure 2: It is difficult to identify where are the forceps in the figures F and G. Maybe if the authors use doted or dashed lines instead of asterisks to highlight the forceps tips would be easier to follow through the procedure.
We have updated the figure panels to reflect the reviewer’s suggestion (Figure 2 &3).

Line 193-196, Figure 2: Authors should indicate how to remove the debris or the remaining tissue, maybe with the pipette?
We remove debris by simply pushing it out of the field of view with the forceps. Please see the updated text (Page 4).

Line 199: It is not clear the difference in fluorescence intensity between TDT and IFM, maybe the authors could use a picture that shows this difference.
We have included an image with the GFP signal colored in the Fire LUT to reflect the GFP intensity between TDT and IFM in both Figure 2 and 3.

Line 222: In my experience it helps to transfer the pupae first in to a Whatman paper or tissue paper to dry them out and then transfer to the strip of double-stick tape
If the pupa are too wet, we do the same thing. We generally try to not oversaturate the Whatman paper, and then the pupae dry quickly and stick to the tape without have to take the time to blot the pupae dry. We added a comment on this (Page 5).


Reviewer #3:
Manuscript Summary:
The manuscript by Kao et al. provides a clear and complete guide for how to isolate indirect flight muscle from different pupal stages during Drosophila metamorphosis. They also describe in detail how to process the muscles for RNAseq and (although much less detailed) for proteomics. Finally, they provide examples of RNAseq and proteomic analyses with regard to temporal changes and alterations in the mutant backgrounds for the transcription regulator Spalt and the splicing regulator Bruno, which is downstream of Spalt.
The manuscript is well-written and the figures make the points to be illustrated quite clear. Thus, the manuscript makes a valuable contribution to the field. A few, often minor points for improvements and corrections are listed below in the order of occurrence in the text.
We appreciate the positive evaluation and the suggestions to improve the manuscript.

Minor concerns and corrections:
1. Line 85: "Drosophila IS a useful model…"
Fixed.

2. Lines 193-194: Describe how to grab the muscles without destroying them.
Please see the updated description on how to grab the muscles (Note following 2.9, Page 4).

3. Lines 243-246: Do you cut the head in both cases?
No. In most cases we remove the head from adult, but not from pupae. The reason for this is that the head on adults interferes with cutting the thorax in half, because it is free to move around, while the pupal head is held in place by the pupal cuticle. We updated the text to reflect this difference (3.6: Page 6).

4. Line 332: use "recoveries" instead of "concentrations"
Thank you for the terminology correction (Page 8).
Were the different commercial products used multiple times with similar results for 4I and 4K? (in K it says for NEB "consistently", in M&M: "2 biological duplicates". Was each duplicate tested only once and how big were the variations?)
To help clarify this, we have created Supplemental Figure 1 and generated new panels for Figure 4 that are a compilation of many RNA isolations we have done over the past 9 years. Figure 4F and G now give a clearer picture of how many samples were isolated at each timepoint and with each kit, and the variability in these isolations. We have also added a second Bioanalyzer plot in Supplemental Figure 1 for each of the RNA isolation methods. We removed the word “consistently” from the text.

Specifically for this manuscript, we repeated experiments that we have performed previously in a controlled fashion (ie the same genotype, the same number of flies per dissection, the same person dissecting). This was in the original Figure 4F-G, and is now in Supplemental Figure 1 A-C. We did 2 biological replicates for each RNA isolation method we tested. We have also clarified in the Methods how we measured the RNA concentrations for each biological replicate. Qubit values are reported in the Supplemental Figure 1 A-C. 

5. Supplementary table 1: The table needs explanations/descriptions, e.g., in a separate rider in Excel. Among others it should be explained which genes were selected (only sarcomeric protein genes as for proteomics or all genes above a given cut-off? What are the yellow-marked genes?).
A new tab has been added in Supplemental Table 1 explaining what the data is. We additionally supply the list of sarcomere genes we used for our analysis. These tables show only sarcomere genes from the DESeq2 and DEXSeq analysis of the mRNA-Seq data comparing wildtype to Bru1-IR. The yellow marked genes are those that fall above or below our log2FC threshold of 1.5, that are colored red in the plot in Figure 5A.

6. Supplementary table 2: As for suppl. table 1, explanations/descriptions are needed, including the information now in M&M: "Sarcomere proteins were identified using a previously compiled list[10]." Isoforms should be denoted in bru vs. wt lists as in Fig. 5B for the proteins where this information is available.
We have expanded the descriptions and adjusted the table as requested by the reviewer. The list of sarcomere genes/proteins is available in one of the tabs in Supplemental Table 1, as we used the same list to identify sarcomere genes in the mRNA-Seq data.

7. Lines 385-404, Fig. 5: This information is being presented in a very condensed manner and is therefore not as clear as it could be.
Examples: Lines 389-391: "This isoform switch does not occur in leg muscle, leading to uniform GFP incorporation across the sarcomere, while 2 "dots" associated with M-line are observed in IFM sarcomeres (Figure5C,D,E)." The relationship between the number of dots and the specific isoforms is not clear to me. Omit these imaging data? Line 393: "only the Exon 34-37 event results in GFP expression". If this is taken literally, GFP would be spliced out. Perhaps use "Exon 34-GFP event" instead. Line 398: data for tubular leg and jump muscles are shown, but this Methods paper does not cover the isolation of these muscles (only how to get rid of them).
Please see the expanded discussion and clarifications in this section of the text (Pages 9-10). 

We have better explained the relationship between isoforms and the 2 dots (as an unlabeled Mhc isoform is incorporated at later stages of pupal development leading to 2 dots representing the early expression and incorporation of GFP labeled Mhc isoform). Actually, one expects that ALL Mhc isoforms incorporate the GFP, but it can only be translated when Exons 35 and 36 are skipped, as they contain earlier stop codons. 

We find the inclusion of data from the leg and jump muscles useful in comparison to and to illustrate the utility of the IFM dissections we describe in this paper. Further, the splicing patterns observed in leg and TDT help explain the splicing patterns observed in salm-/- and bru-IR IFM. Without those data, we could only say the pattern is different than normal IFM and we lose the dimension of the shift towards tubular-muscle splicing patterns. 

Including TDT dissection in the main protocol would be off-topic and make the text too long, from our perspective, so we have added a brief description in the Supplemental Methods of how TDT and leg are isolated.

8. Line 400: "Figure 5F" (not E)
Fixed.
8. General issue: Are there any known gene expression artifacts caused by the UAS/GAL4 used throughout? If unknown, perhaps add a note of caution in discussion, line 548.
We have not performed sequencing in w1118 compared to our normal Mef2-Gal4, UAS-CD8-GFP x w1118  control due to limited financial resources, and thus do not have the data to address the reviewer’s question directly. When comparing a mutant (mut; Mef2-Gal4 x mut; UAS-CD8-GFP ) or RNAi knockdown (Mef2-Gal4, UAS-CD8-GFP x UAS-RNAi) to the control (Mef2-Gal4, UAS-CD8-GFP x w1118), we assume expression artifacts from the Gal4/UAS to be the same in both flies and at all timepoints, so thus to cancel out in the differential expression analysis. We have added a note of caution in the discussion explaining this (Page 14).


Reviewer #4: 
Manuscript Summary:
This is a very helpful protocol for the Drosophila community and will have a significant impact on the field. The paper is very clear, concise and easy to follow. I look forward to the video.
We thank the reviewer for the positive review and look forward to the video as well.

Major Concerns:
I have no major concerns.

Minor Concerns:
line 114: add commas around "for example"
Fixed (Page 2).

line 154: Please explain why the RNAi crosses should be at a higher temperature.
Please see the modified text (Page 3). Previous observations and our own experience indicate a stronger knock-down efficiency at higher temperatures.

line 187: Step 2.7 could use a little more explanation. The IFMs will come out of thorax on their own?
Please see the modified text (Step 2.7, Page 4). Yes, actually, in most cases at early time points the IFMs just come out of the thorax with a small amount of pressure. The tendon attachments are fragile and the IFMs easily detach, allowing them to be squeezed out of the thorax after removing the abdomen.

Lines 226-229: I believe this should reference Figure 3 not Figure 2.
Fixed. (Step 3.3, Page 5)

Lines 232-233: Reads as if the head is being removed from the body but the figure shows the head in later steps.
Please see the revised description for Step 3.4 and the associated note in the text. (Page 5).

Lines 319-326: I think all these RNA preps were done with IFM vs whole fly but the wording here is unclear.
Yes, these RNA preps were performed on dissected IFM. We have clarified this in the text and figure legend (Page 8).

line 358: Myosin should not be capitalized
Fixed (Page 9).

Line 368: Perhaps I missed it, but did the authors give any background on what bru is prior to this point in the paper?
Bruno (Bru) was introduced in the introduction, albeit briefly. We now mention it more often in relevant locations in the introduction (Page 1, Line 67; Page 2, Line 90; Page 2, Line 117; Page 3, Lines 153-156), in addition to the description in the Results section. 

line 450: what is "Quibit"?
Our apologies for the misspelling. “Quibit” is in fact the Invitrogen Qubit Fluorometer, a device that similar to Nanodrop, Bioanalyzer and Agilent Tape Station allows for measurement of RNA concentrations accurately from small samples. To address the editor comments, we have removed the commercial text from the manuscript, and more thoroughly described Qubit (also now spelled correctly) in the Supplemental Materials and Methods (Measurement of total RNA concentrations section).

The details in the section regarding Figure 5 seem very sparse.
[bookmark: _GoBack]We have greatly expanded the results section relating to Figure 5, to hopefully improve clarity and readability (Page 9-10). 

