Reviewers' comments:
Reviewer #1:

Manuscript summary:
In this study, the authors develop and describe a new technique for retrograde labeling of motor neurons in the model animal drosophila. They use various lipophilic fluorescent dyes dissolved in oil. The delivery of the dyes are via a small droplet injected with a microinjecter at the appropriate locations in the muscles. The technique is potentially useful especially when working with drosophila, but perhaps also in other model organisms. I have no major concerns only minor comments:

Minor comments:

1) First, this technique would be likely be helpful when working in other model organisms. Could this technique be extended to label axons in other animals perhaps even in mammals? I suggest adding some comments about this in the text. If it only works in drosophila, why would it not work in other animals? etc.

Following the suggestion, we have added comments to address this question in the updated manuscript under the DISCUSSION section in lines 328-331:.  “…this technique can be applied for other motor neurons in different stages of embryonic development. If an axon terminal is accessible with an injection micropipette, this technique could also be applied to labeling of any neuron in the larval and adult stages of flies or even in other organisms.” 

2) I presume the dye does no cross gap junctions? Maybe mention this issue somewhere in the text.

The reviewer is correct. Lipophilic dyes normally associate with cell membranes and do not transfer to neighboring cells via gap junctions. We have included this information in the manuscript on page 4 lines 211-214. 

3) The text is esoteric. Abbreviations should be spelled out so it is easier to access for non-experts:
HRP, Cy3, aCC, UAS-GAL4 etc.

We have spelled out the abbreviations.

Reviewer #2:

Manuscript Summary:
The protocol from Kamiyama and co-workers describe a method for single cell labeling of Drosophila motoneurons by backfilling from the neuromuscular junction (NMJ). While the method has been around for some time, and its value is well established in various publications, it has only been used in a few labs, in part due to the technical challenges of performing the necessary manipulations. For this reason, it is particularly well-suited to JoVE, where the written protocol will be complemented with a video demonstration. The technique has clear application to a number of biological questions.

Major Concerns:

I have no significant issues with the protocol, which is clearly written and thorough. I have a few minor points.

We thank the reviewer for the encouraging comments.

1. line 87 "the tip is lowered onto two-thirds out" - Did some words get lost here?

We have rewritten the statement: “the tip is lowered onto two-thirds of the radius out from the center of the beveling surface”. Please see lines 97-98.

2. line 108 "a distinct 4-gut chamber" - I believe you mean "a distinct 4-chamber gut"

We have corrected this.

3. A scientific question: Backfilling from muscles 6/7 shows clean labeling of the RP3 motoneuron, but don't muscles 6/7 also receive innervation by small boutons from another motoneuron? I don't see anything else labelled in the images that are shown. Are some neurons resistant to labeling, or is there variability in labeling efficiency, or did the authors just select an example with a simple pattern of labeling?

Although another motor neuron (MNISNb/d-Is) is known to innervate muscles 6/7 in larval stages, MNISNb/d-Is does not have an embryonic counterpart (M.D Kim et al., Developmental Biology 336 (2009) 213-221). This is why MNISNb/d-Is is not labelled in our images. These details of MNISNb/d-Is have been added to the FIGURE AND TABLE LEGENDS section. Please see lines 271-273.

4. It would seem that the technique could be modified to apply to labeling of adult motoneuron projections in a fairly straightforward way - is that correct? If so, the authors might wish to say so, or if there is a known problem with this, it would be helpful for them to give an appropriate warning.

[bookmark: _GoBack]Yes, it is correct. This labeling technique can be applied to adult motoneuron projections but the motoneuron terminals must be accessible for injection. To address this comment, we have now included an additional sentence for the DISCUSSION section. Please see lines 329-331. 

5. I hope that in the associated video the authors are sure to demonstrate the dissection of the embryos to reveal the CNS. In my own efforts, this has been the most challenging part of the procedure.

We agree with the reviewer that the dissection of embryos is challenging. We will make sure that the procedure is featured in the video. 

Reviewer #3:

This manuscript is describing an interesting method for retrograde labelling of neurons. However, it is regrettable that it is a bit difficult to imagine the most important process, application of the lipophilic dyes, at least, just from reading the protocol. It would be better to make an additional description to clarify it for better reproducibility of experiments. For example, should we make injury of a muscle cell or a motor terminal for the dye staining? Or, is it OK just to make a gentle touch of an oil droplet with a dye to the cells? Moreover, is the access OK to be only to muscle and will the dye be transmitted from muscle membrane to the motor terminal? Or, is it needed to make touching of an oil droplet to the terminal? Such detailed description on dye application would make the protocol to be more useful for many researchers. Not only to the neuromuscular system, it may be adopted to central neurons if such detailed instruction is included.

The reviewer brings up an important point about clarity of our explanation for dye injection. Unlike other fluorescent dyes (e.g., Lucifer Yellow, Calcein) which spread into neighboring cells through gap junctions, lipophilic dyes do not transfer to neighbors. Thus, we need to make direct contact with the tip of the axon of interest. Due to the relatively large size of the dye droplet, however, this technique also results in labeling of the partnering muscles (Figure 3A). We have rewritten the statement for section 6.2.2 and added a new NOTE. Please see lines 199-201 for section 6.2.2 and lines 211-214 for the new NOTE on page 4.


