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Dear Dr. Phillip Steindel:

Thank you for your consideration of our manuscript “Isotropic light-sheet microscopy and automated cell lineage analyses to catalogue Caenorhabditis elegans embryogenesis with subcellular resolution” (JoVE59533). We are thankful for the thoughtful responses from the reviewers. We have carefully revised the manuscript to address all comments. The editorial and reviewer comments add clarity to our manuscript. Thank you again for considering our manuscript.


[image: Description: Colon-Ramos-sig]
Daniel Colón-Ramos						
					Associate Professor of Neuroscience and Cell Biology
					Yale School of Medicine


















Editorial comments

General: 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
We have carefully proofread the manuscript and corrected all spelling and grammatical issues. 

2. Please number references in the order in which they appear in the manuscript–currently, 5 appears before 2-4.
We have made sure that all number references are in the order in which they appear. 

3. Note that the “Glossary” is not part of JoVE format; please remove and ensure that all relevant terms are defined on first use.
We have removed the “glossary” section and defined all relevant terms upon first use. 

4. Please reduce the number of personal pronouns (you, we), in particular in the Protocol.
We have removed all personal pronouns (you, we) from the protocol.

5. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please limit the use of 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: Milli-Q, Sigma-Aldrich, BD Precision Glide.
We have made sure all commercial language was removed from the manuscript and referenced in the Table of Materials and Reagents. 

Summary:

1. Please include a Summary that clearly describes the protocol and its applications in complete sentences between 10 and 50 words, e.g., “Here, we present a protocol to …”
We have included a summary that describes the protocol and its applications in complete sentences. 

Protocol:

1. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for filmable content. Please highlight 2.75 pages or less of the Protocol (including headers 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. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
We have highlighted 2.75 pages of the protocol that identify the essential steps of the protocol for the video. 

2. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique. Any text that cannot be written in the imperative tense may be added as a “Note” on a separate line. 
We have made sure all text in the protocol sections are written in the imperative tense. Any text that could not be written in the imperative tense was added as a “note” on a separate line. 

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]3. The Protocol should contain only numbered action items that direct the reader to do something or brief ‘Notes’. Please move the other statements about the protocol (e.g., the introductory statement in steps 10 and 11) to the Introduction or Discussion, as appropriate. 
We have revised the protocol to contain only numbered action items that direct the reader to do something. We have moved the introductory statements in steps 10 and 11 to parts of introduction or discussion, as appropriate. 

4. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text. Please split up Protocol steps so that individual steps contain only 2–3 actions and a maximum of 4 sentences.
We have revised the protocol as suggested. 

5. For each step, please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, please split into separate steps or substeps.
We have revised the protocol as suggested. 

Specific Protocol steps:

1. 1.1: Please write in the imperative. Also, do you mean 2 mm x 5 mm?
We have revised 1.1 to be imperative and corrected the coverslip dimension 2x5mm2 to 2mm x 5mm. 

Figures:

1. Please remove titles and legends from Figures and include in the manuscript.
We have removed titles and legends from figures and include them in the manuscript. Figures are included as eps files.

2. Figure 6: Please use ‘minutes’ or ‘min’, not ‘mins’.
We have modified figure 6 as suggested. 

Discussion:

1. Discussion: As we are a methods journal, please revise the Discussion to 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 
We have revised the discussion to explicitly cover the suggestions above in 3-6 paragraphs with citations. 

Table of Materials:

1. Please ensure the Table of Materials has information on all materials and equipment used, especially those mentioned in the Protocol.
We have revised and ensured that the Table of Materials has information on all materials and equipment used in the protocol. 

Reviewer #1

Minor concerns:

1. It may be beyond the authors' capabilities, but hardware-accelerated video image processing relies on specific features of graphic card chipsets. Is it possible to use GPUs from other manufacturers like an AMD Radeon card, and if so what model(s)?
We have now added a section at the end of the discussion explaining software compatibility and download access. Briefly, in principle, it's possible to use GPUs from other manufacturers. However, our current software was developed based on NVIDIA's CUDA toolkit which specially supports GPUs from NVIDIA only. To use GPUs from other manufacturers, we would need to modify some of the basic modules in our codes. i.e. replace the CUDA functions by some new and customized function or by employing some other libraries compatible with non-NVIDIA GPUs, such as OpenGL. Such changes would also be compatible with only a subset of GPU hardware, and would sacrifice the power of native CUDA execution that is essential to our streamlined data-processing pipeline. 

2. line 153 - 1-cell, and even 2-cell embryos are osmotically sensitive and can develop abnormally if not in isotonic buffer. This can be problematic if pseudocleavage embryos (which look like 2-cell) are chosen because these may not develop properly.
M9 Buffer is an isotonic buffer which helps prevent early stage (1-cell or even 2-cell) embryos succumbing to abnormal osmotic pressure. We have included (see step 1.6 in protocol) our rational for using M9 as our imaging buffer during imagine. Also, in response to the reviewer observation, we now emphasize this point in the protocol.  Interestingly, M9 is phosphate buffered, which itself reduces viability of newly fertilized embryos, before maturation of the vitelline envelope and eggshell.  This may actually select against seeing pseudocleavage embryos in our preparations, as we virtually never encounter non-viable embryos among our mounted specimens. To note, we have seen more embryos arrested at the 3-fold stage when M9 is substituted with water.

Reviewer #2

Minor Concerns:

1. How long will the video end up being?
diSPIM is capable of long-term imaging, and we have imaged the entire C. elegans embryogenesis with the diSPIM for a total of 14 hours at 20oC. In response to the reviewer’s question, we now add a sentence mentioning this in the introduction.
 
Reviewer #3

Major Concerns:

1. One of the major pitfalls of the protocol is the (incorrect) assumption that most labs have access to their own diSPIM. This technology is not yet broadly accessible, although this is improving, and I agree that it will be important to have protocols for labs to be able to analyze large datasets in a way that is consistent with previous studies in the field. Since most labs who use diSPIM will use one in a core facility that is not specifically designed for C. elegans use, it is crucial to provide more information on the specs of the diSPIM used for this protocol and how this one compares to the more popular microscopes in core facilities (e.g. Zeiss, etc). For example, more on the objectives (magnification), light path, camera, imaging chambers. This is important, because if a system has lower magnification or different NA objectives, will they be able to obtain the same quality of information with the same subcellular resolution? What threshold is required?
The reviewer correctly understands that the ASI diSPIM is based on a design that was conceived and developed from the ground up for C. elegans embryological imaging.  To our knowledge, other multi-view SPIM systems that are commercially available differ markedly in the geometry and optics of the sample chamber.  In fact, we are not aware of another commercial system that uses direct aqueous-immersion objectives within the sample chamber.  We reasonably expect that refractive aberrations from glass capillaries and other multi-indexed refraction light paths will severely degrade the raw image data captured on Zeiss and other common commercial SPIMs.  While we have not tested such other hardware for lineaging experiments, we cannot recommend it based on our a priori knowledge of the major differences in their architecture. A previous paper describes the conception of the diSPIM format (Kumar et al, 2016) with all of the details requested by the reviewer.  Specifically, the reviewer’s concern with objective magnification and numerical aperture (NA) is an excellent observation; both objectives are 40x 0.8NA water immersion lenses.  We fully expect that lower mag or higher/lower NA (yes…higher, as light-sheet thinness is dependent on minimizing NA) objectives would degrade the raw image quality and possibly the isotropy of the final processed images. Detailed information on the specs and available objectives of the diSPIM are available at the following links: http://dispim.org/hardware/objectives; http://www.asiimaging.com.  We have added these links to the text of the paper (see step 5.2 in protocol).

2. Also, other systems likely will use acquisition software other than micromanager, so how could data collected using other 'common' software (e.g. metamorph) be integrated into this protocol?
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]CytoSHOW is capable of processing MetaMorph TIFF stack series, or TIFF stack series exported from other imaging systems with differing primary image storage formats.  Yet, this processing option currently can only be applied to a single specimen at a time. Only primary data from the ASI diSPIM Micro-Manager plugin can currently be processed simultaneously as parallel batches of co-imaged specimens. We have added a section at the end of the discussion explaining software compatibility and download access.  

3. Another major concern is that the authors state in their conclusions that this protocol will enable users to quantify growth cones and axon fasciculation, but they did not show or describe this in their protocol. The protocol focused on nuclear tracking. In the figures, the authors show beautiful images of a marker expressed in a subset of neuronal cells that could be used to extract and quantify morphological information, but they did not do this. The authors should give an example of how to quantify one of these features as a proof-of-concept, since it is described as a major feature of this protocol.
We appreciate the reviewer’s comments regarding a proof-of-concept example of how to quantify neuronal features using our integrated protocol. To satisfy this concern, we have quantified the neurite migration of the RMDDs in the early twitching embryo (see new Figure 7I). In Figure 7I, we quantified the lengths of the left and right RMDDs from 360 minutes to 445 minutes post fertilization. The neurite lengths of the RMDDs were measured using the “simple neurite tracing” plugin in FIJI. This example now illustrates, as suggested, how this integrated protocol will enable users to quantify dynamic neurodevelopmental events in single cells of intact embryos. 

Minor Concerns:

1. The authors may think it isn't warranted, but I see the advantage of using diSPIM to study morphogenetic events during C. elegans embryogenesis is that you could obtain information after the 2-fold stage when the embryo is moving, because of the fast rates of acquisition. I could see this as providing new information to the field that has been missed because previous technologies simply could never permit obtaining this information. However, the authors stop their experiments at the 2-fold stage because the embryo is moving. At what stage of embryogenesis is the rate of acquisition unable to compensate for movement? Or is this not a factor, but it is too complicated to align the images for multiple z for a single time point for this protocol?
We agree with reviewer 3 that using diSPIM to study C. elegans development in the post-twitching embryo is warranted and interesting.  The diSPIM has indeed demonstrated a promising capability to image neurodevelopmental events and track cell position in the post-twitching stages of embryogenesis (Wu et al, 2013, Christensen et al, 2015, Ardiel et al, 2017).  However, automated lineaging in the post-twitching embryo is currently not feasible.  Nuclear positions change on the order of seconds in the post-twitching embryo.  That is why we limited discussion of the integrated protocol, which includes lineaging, to pre-twitching. We now explain this point in the discussion.

2. Just to clarify, is the role of methyl-cellulose to increase viscosity or is there another reason for using it?
In response to the reviewer question, we have added a note explaining why we use methyl cellulose in our sample prep. (see step 2.2 and note in protocol).  We explain that methyl cellulose suspends embryos above the glass surface of the concave watch glass, to which embryonic eggshells tend to stick in its absence. 

3. Figure 1-C, the schematic representation of the top half of the steel chamber is misleading. I look like a plain piece, and it is difficult to understand how to mount embryos on the coverslip.
We thank the reviewer for this observation, and have now revised figure 1C to make it easier to understand how to assemble the diSPIM chamber and mount embryos on the coverslip. 

4. More information on what to expect for the size of the files generated during acquisition and recommended storage solutions would be useful. Also, other computer specs for acquisition would be helpful.
We have now included additional computer specs for acquisition in parts of the protocol and Tables of Materials. Briefly and as we now explain in the text, we typically capture 420 time points for 10 embryos per imaging session. The raw data per image session are typically 1.7TB, while deconvolved and StarryNite-processed data are 1.4TB. We recommend using large-capacity HDD (e.g. 18TB on our current system) for image acquisition, and cloud platforms such as DropBox or Box for long-term file storage.  

5. In section 5-3 - just a minor text change - "During long-term imaging, we typically image nuclei (mCherry::Histone) by capturing images from the 561 nm channel until embryos are at bean stage, at which point we use the 488 nm channel to image the GFP-labeled neurons." This sounds like you stop imaging the 561 nm channel. Add the word 'also'.
We have revised the text in this section as recommended. (See section 5.4 in protocol)

6. Line 544: "~435 minutes poster fertilization" I assume you mean post fertilization.
We have now corrected the typo.

7. Since it is common to adapt protocols to other model systems, can you think of another system that this approach could be used for? This is where the specs could be helpful - e.g. size and sample thickness.
With the same 40x, 0.8 NA objectives, ASI diSPIMs are regularly used to image C. elegans, Drosophila and zebrafish embryos. We have also imaged other model systems such as plant cells, yeast cells, and hydra (many of these imaging sessions were conducted during summer courses at the Marine Biological Laboratories in Woods Hole, MA). However, the integrated protocol with the lineage analyses as described is still currently limited to nematode species. Moreover, we often opt to use stage-scanning diSPIM to obtain high-quality images from the diSPIM (Kumar et al, 2016). In response to the reviewer question, we now added a note about the option of using stage-scanning with thick samples in the discussion and referenced Kumar et al.

Reviewer 4

Major Concerns:

1. The complete procedure will be deposited on the web (www.wormguides.org), but is not yet available for evaluation. Some details are referred to reference 16 (Min Guo et al. in preparation). However, I expect these issues would be resolved before publication.
We have now uploaded the software installation archive with instructions to the WormGUIDES website (http://diSPIMlineage.wormGUIDES.org). We have also added a supplementary section at end of the discussion providing this link to users for download.

Minor Concerns:

1. References are out of order and a reference to WormBase would be useful. It is not clear whether the user needs to own the program MatLab. Protocol step 1.2 should be re-ordered.
We have now edited the manuscript, including adding the WormBase reference, as requested by the reviewer. We have also added a supplementary section at the end of discussion detailing software compatibility and download access, including an explanation that all software packages used in the protocol are open-source and freely available for use without the need of MATLAB or other commercial software. 
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