Editorial comments:
Changes to be made by the Author(s):
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 now checked spelling and grammar issues of our manuscripts.

2. Please provide email addresses of all the co-authors.
Response: we have now provided email addresses of all the co-authors.

3. 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 have now formatted the manuscript as requested.

4. Please expand all abbreviations during the first-time use.
Response: As suggested, we have now expanded all abbreviations during the first-time use.

5. 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 and Reagents.
For example: Accutase, Roche, MilliQ, NEBNext, Illumina, NEBNext DNA Library prep kit, Herculase II Fusion polymerase, Qubit dsDNA HS assay kit, Eppendorf tube, 1X NEB2 buffer, Bioruptor Pico, Ampure XP beads, etc.
Response: Done.

6. 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 or dashes.
Response: Done.

7. Please ensure you answer the “how” question, i.e., how is the step performed?
Response: Done.

8. 1.3: what conditions are used here?
Response: We have now mentioned that the mESCs were cultured in serum-free condition. The composition of this medium has been indicated in the step 1.1.

9. Will 1.8 come after 1.9?
Response: Thank the editor for pointing this error out. Indeed, the 1.8 come after 1.9. We have now modified the manuscript accordingly.

10. 4.7-4.10: So, 4 additions of MboI is performed in all.
Response: Yes. In our protocol 4 additions of MboI were included. This is because at 37˚C, MobI enzyme is active for around 2 hours. To increase the efficiency of digestion, multiple steps of digestion are necessary.

11. Please make tables for the recipes, programs, master mixes detail in .xlsx format. Please do not embed the table in the manuscript. All tables should be uploaded separately to your Editorial Manager account. Each table must be accompanied by a title and a description after the Representative Results of the manuscript text. The tables can be referenced whenever applicable.
Response: As suggested, we have now prepared separated Excel tables for those embed in the manuscript.

12. 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 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.
Response: Done.

13. 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: Done.

14. Please increase the resolution of the figures.
Response: Done.

15. Please expand the journal titles in the reference section.
Response: References have been added using Endnote JOVE template.

16. Please sort the materials table in alphabetical order. Please remove all trademark (™) and registered (®) symbols from the Table of Equipment and Materials.
Response: Done



Reviewers' comments:
Reviewer #1:
Manuscript Summary:
In recent years various chromosome conformation capture (3C) based techniques have been developed to map chromosome interactions between different parts of the genome. One of the most widely used and useful variants is 4C, which employs a so-called one versus all approach to map in detail interactions with a single region, often a regulatory region such as a promoter or enhancer using tilling arrays or high-throughput sequencing. A disadvantage of the standard 4C approach is that it incorporates an inverse PCR approach to amplify diverse sized fragments favouring small products and biasing quantification by high throughput sequencing. Recently a modified 4C version called UMI-4C has been developed that employs sonication to create relatively homogenous size range of fragments, and nested ligation mediated PCR to reduce biases in the amplification process, and allow more quantitative 4C interaction maps to produced (Schwarzmann et al 2016 Nature Methods).
Here Tian et al adapt the UMI-4C technique and demonstrate its utility in detecting changing interactions between promoters and enhancers during embryoid body (EB) development. The method is clearly described providing an approachable entry for researchers wanting to employ this useful technique. Therefore, I would recommend it for publication once the following concerns have been met.

Major Concerns:
1. The images of EBs in Figure 1 are dark and it is difficult to make out any details. Could you please insert a lighter picture with better contrast. I would suggest also inserting a picture of undifferentiated ES cells to match the comparisons that are made in Figures 2 and 3 between undifferentiated ES cells and d6 EBs.
Response: As suggested by this reviewer, we have now modified the contrast of the EB image and added a D0 mESC cell image.

2. The second paragraph of the "Representative results" (line 333 to 341) reads a bit like a methods or discussion section. These points should be shifted to a different section, or re-written to refer directly to the results shown in figure 2C and 2D
Response: We have now modified the section of “Representative results”. The discussion about PCR primer selection has been moved to the section of “Discussion”.

3. In the discussion more literature should be cited to support the recommendations about the various steps of the 4C process.
Response: As suggested, we have now added more citations to support the recommendations about various steps of 4C protocol.

4. The focus in the discussion should be more on the method and less on the EB differentiation system, which is used merely as an example to demonstrate the utility of the method
Response: As mentioned in our answer to point 3 of this reviewer, we have now focused our discussion on the method.

5. There should be more of a comparison in the discussion to previous methods (including citations), and an explanation of how this UMI-4C method is an improvement over previous methods
Response: This point has been addressed in the new version of the discussion.

Minor Concerns:
1. Is it necessary to have so many MboI digestion steps in the protocol? Has this been tested?
Response: Yes. MboI is active at 37˚C for 2-4 hours. To achieve efficient digestion, multiple MboI digestion steps are needed. Less step will result in an inefficient genomic DNA digestion. As shown in the Figure 2B, genomic DNA is fully digested with our protocol.

Reviewer #2:
Manuscript Summary:
Tian et al. describe a protocol for the identification of promoter-enhancer contacts in embryonic bodies of mice. The method in this protocol is based on the chromatin conformation capture technique UMI-4C, with some specific adaptations. The protocol is detailed in the experimental steps and has some specific controls to be able to detect potential errors in specific key steps. Discussion is quite thorough.

Major Concerns:
Introduction should explain UMI-4C in depth and state clearly the specific adaptations the authors did to the UMI-4C protocol.
Response: As suggested by this reviewer, we have now explained the original UMI-4C protocol in the introduction section. We have also discussed our specific adaptations in the discussion section.

Another concern is that there is no evidence showing an efficient outcome when doing certain steps in the way described versus other ways, e.g. "The primer of the second PCR reaction (DS) should be located 5-15 bps from the interrogated restriction site", if this is a critical step that was adapted from the previous UMI-4C, there should be a figure showing that the outcome interactions are best detected if DS primer is kept at the distance specified (5-15bp) vs other distances (20bp?, 30bp?) from the interrogated restriction site. 
Response: This has been described in UMI-4C protocol  (Schwartzman et al., 2016). It allows to map better the fragment in contact with the bait.

Critical steps should have a represented evidence of their advantage in enhancer-promoter interaction detection: enzyme digestion?, sonication cycles?, primer selection?.
Response: We have now discussed several critical steps in the discussion section. We have outlined their advantages as well as limitations.

Minor Concerns:
In figure 3, logFC is shown in yellow track for the two loci described, could there be more discussion whether this is the level of "dynamic range" expected for any given locus with this protocol? In other words, are these loci shown exceptional in their dynamic interactions through EB differentiation? Can there be an extended discussion of general possible outcomes?
Response: We have now discussed this issue in the section of Discussion. During EB differentiation, we found that enhancer-promoter contacts of pluripotency gene Pou5f1 decreased and those of lineage specific gene T increased, concomitant to their down- and up-regulation respectively. In addition to these two examples, using the same protocol, we have also examined promoter-enhancer contact dynamics of other lineage specific genes during EB differentiation (Tian et al., 2019). Moreover, we also performed H3K27ac ChIP assay, as this histone mark has been shown to be associated with enhancer activation and enhancers lose this histone mark is associated with inactivation. Taken together, these evidences indicate important functional implication of these dynamic enhancers during lineage specification.

Reference:
Schwartzman, O., Mukamel, Z., Oded-Elkayam, N., Olivares-Chauvet, P., Lubling, Y., Landan, G., Izraeli, S., and Tanay, A. (2016). UMI-4C for quantitative and targeted chromosomal contact profiling. Nat Methods 13, 685-691.
Tian, T.V., Di Stefano, B., Stik, G., Vila-Casadesus, M., Sardina, J.L., Vidal, E., Dasti, A., Segura-Morales, C., De Andres-Aguayo, L., Gomez, A., et al. (2019). Whsc1 links pluripotency exit with mesendoderm specification. Nat Cell Biol 21, 824-834.
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