[bookmark: _GoBack]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.
 We now proofread 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 (including figures and tables) 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: Eppendorf, Diagenode, Bioruptor Pico, microfuge, ThermoMixer, Dynabeads, Invitrogen, LoBind, IGEPAL, etc.
 We now changed our manuscript according to the editorial comments.

3. 1.1: Please specify the cell type used here.
 We now specified the cell types used here.

4. 5.5: Please specify the antibodies (and dilutions) used.
 We now indicated the antibody and amount (volume and concentration) used here.

5. Protocol formatting: Please do not use indentations.
 Indentations were now removed.

6. After you have made all the recommended changes to your protocol section (listed above), please highlight in yellow up to 2.75 pages (no less than 1 page) of protocol text (including headers and spacing) to be featured in the video. Bear in mind the goal of the protocol and highlight the critical steps to be filmed. Our scriptwriters will derive the video script directly from the highlighted text. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the next. The highlighted text must include at least one action that is written in the imperative voice per step. Please include all relevant details that are required to perform the step in the highlighting. For example: If step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted.
 We now provided the highlighted section accordingly.

7. Tables: Please reduce the number of tables to 10 by combining some tables together (e.g., recipes of lysis buffer 1-3 may be included in the same table).
 We now reduced the number of tables to 10.



Reviewers' comments:

Reviewer #1:

Manuscript Summary:
It would be a great help for the scientific community in gene regulation to adopt this technique as it could even bring out the 3D protein-DNA interaction genome wide. We hope this video will help other laboratories to adopt this modified ChIP-seq method (an addition of more than 10 enzymatic steps) but with an advantage of near base pair resolution Protein-DNA interaction which was limited in ChIP-Seq and added advantage of having less number of reads in sequencing.

Major Concerns: N/A

Minor Concerns:
Lane 26; near-base "pair"
Lane 27: instead of reduced background signal use "high signal to noise ratio"
Lane 51: instead of single-base and because enzyme wiggle is not single base-pair for exonuclease use "near base-pair resolution"
Lane 75: In the original protocol of ChIP-exo by Rhee and Pugh RecJF was used but here it seems to be removed any explanation?
Lane 228: DNA samples "DNA samples along with DNA ladder"
Lane 506: Reaction to reaction
Lane 508: same as above
Lane 534: Scheme of to "Schematic of"
Lane 535: split and rewrite the sentence or "After ChIP end-repair and….
Lane 553: greater yield of sonicated DNA to "greater yield of desired size sonicated DNA

 We now changed the manuscript accordingly to resolve all minor concerns addressed above. 



Reviewer #2:

Manuscript Summary:
Montanera et al. described ChIP-exo protocol that was designed to detect genome-wide binding sites of DNA-binding proteins with high resolution. ChIP-exo combined ChIP with exonuclease digestion (ChIP-exo). It used lambda exonuclease to trim DNA from 5' to 3' until the border of the region where protein binds. the 5' ends of sequencing reads from both strands exactly defined the binding borders of DNA-binding proteins with near single-nucleotide resolution. Of note, the non-specific background DNA is also completely eliminated. Therefore, the signals almost have no background noise. Collectively, ChIP-exo has great potentials for gene regulation study by identifying binding sites of DNA-binding proteins and will also greatly facilitate gene regulation study and epigenetics study (e.g., identification of sub-nucleosomes).

The ChIP-exo protocol used headings and sub-headings to organize the assays so that readers can clearly understand the protocol and follow each step. The authors provided experimental conditions in detail with temperature, concentration, time, etc. Ingredients and concentrations of all solutions are given in tables. Of note, a schematic diagram of ChIP-exo is provided to reader for easy understanding of the protocol. In summary, the protocol presented by Montanera et al. is clear and effable.

Minor Concerns:
In Figure 2 (Scheme of ChIP-exo), the 5' end of the red bar (representing the minus strand) should protrude beyond the blue bar on the top of the cartoon (steps 1-7).

 This figure was now changed accordingly.




Reviewer #3:

Summary:
This manuscript describes an optimized version of the ChIP-exo method for the identification of protein-DNA interactions in in vitro generated mammalian neurons. Although the methodology is described in detail, I have a few comments.

Major comments:
1. The main advantage of the ChIP-exo method is that it provides near single-nucleotide resolution. This is stressed in Abstract, throughout the text, and Discussion. However, this paper could be significantly improved if the authors provide an example of a specific TF (e.g., Lhx3) where there is a side-by-side comparison of ChIP-Seq and ChIP-exo results. This can be already published data, no new experiments are required. But by including this comparison in a Figure, the reader will immediately grasp the low resolution of ChIP-seq and the superiority of ChIP-exo (high resolution).
 We now provided Figure 3 showing ChIP-exo and ChIP-seq comparison results.

2. Importantly, in line 86 the authors state: There are several versions of the ChIP-exo protocols available” and cite articles 3, 8, 18, and 19. In the next sentence, they state “ Here we report our latest version of the ChIP-exo protocol, optimized for protein-DNA interactions in mammalian neurons”. If this is the first time, a ChIP-exo protocol is used for mammalian neurons the authors could highlight it.
 We now highlighted that ChIP-exo was used in mammalian neurons for the first time (Rhee at al., 2016).

Second, the authors could discuss WHAT is different in the current protocol when compared to 3, 8, 18, and 19 papers. 
 We now discussed the differences between our protocol and previous ChIP-exo protocols in the introduction.

Importantly, reference 18 is a JoVE article itself. So, the authors should explain WHY there is a need for another JoVE article describing ChIP-exo. In other words, what are the new modifications on the current protocol that separate/distinguish it from reference 18 (Perreault et al., JoVE, 2016)
 We now explained why another JoVE article about ChIP-exo is necessary and what the new modifications on our protocol compared to Perreault et al. JoVE, 2016 article in the introduction.

Minor comments:
1. In lines 61-67, the authors highlight their previously published work to pinpoint that ChIP-exo can be used to identify the binding sites of dynamically expressed TFs. Perhaps, they could elaborate on 1-2 other ChIP-exo studies as well, and the lessons learnt from those studies.
 We now highlighted three more ChIP-exo studies and added them in the introduction.

2. The authors could explain a bit more what is LM-PCR, especially because LM-PCR results are shown in Figure 2.
 We now explained our LM-PCR results in the Representative Results section.

3. Appropriate controls are discussed. For example, a no antibody control is mentioned in Results. However, the authors should explain better what is Brg1 and why they used this protein for ChIP-exo.
 We now explained what Brg1 is and why we used this antibody for ChIP-exo.

4. In Summary, last sentence should be "…with near single base pair mapping resolution".
 We now changed this sentence.

5. In line 52, the word "a" can be omitted.
 We now corrected this.

6. In line 64, the word "after" can be omitted.
 We now corrected this.

7. Figure 2 is NOT cited at all throughout the text.
 Figure 2 was cited in the “Representative Results” section.

Reviewer #4:

Manuscript Summary:
The manuscript describes ChIP-exo protocol that allows for precise identification of protein DNA interaction sites. The protocol will be useful to many researchers and clear description of the protocol in JoVE format is warranted as it is a fairly involved procedure.

Major Concerns:
The protocol is clearly written, but it does little to explain what individual steps accomplish. So the person will be performing the experiment mindlessly and will be largely clueless about the reactions without a lot of additional background reading.

INTRO:
- Explain in detail what the advantage of chip-exo is over chip-seq. 
 We now provided more details of the advantage of ChIP-exo compared to ChIP-seq.

- Explain details of chip-exo better like "what are complementary peak pairs?" (line 79)
 “Forming complementary peak pairs” is related to a bioinformatic analysis part, which is not relevant to our experimental protocol described in this manuscript. This part was now removed from the introduction.

- Statements like "no background signal" are meaningless without an explanation or some evidence/citation.
 We now used statements like “reduced or low background” with citations of previous studies.

Specific comments:
- Some parts say do not use protease inhibitor but other parts do not say to add it. Please clarify and be more explicit. 
 We now clarified this.

- Explain what the steps do for example what is each lysis step doing?
 We now explained the steps such as cell lysis, sonication, and reverse crosslinking steps in the protocol.

- Remind the experimenter to prepare reaction mixes at the beginning of each section.
 We now added the note to remind an experimenter to prepare reaction mixes.

- Add a sentence at the beginning of each section to explain what that reaction is doing. While someone with experience can understand, those with less experience will potentially have no clue what they are doing in each step. For example explain what the end repair and dA tailing is good for.
 We now explained each enzymatic reaction such as the end repair, dA-tailing, fill-in, and lambda exonuclease reactions by adding sentences at the beginning of each section or within relevant steps.

- Explain what the index adapter ligation is for. It is not clear from the cartoon. Is this the sequencing index? Is this simply a primer site for cDNA synthesis? Is this both? Why is this not completely double stranded? It is not explained and it is not clear.
 During next-generation sequencing (NGS) library preparation, adapters are attached to the ChIP DNA sample. NGS adapters are double-stranded DNA sequences that are approximately 60 bp in length. Two distinct adapters are typically used for most of NGS. One adapter called an index adapter has 6-10 bases of barcoded index sequences, which are specific to a given sample used for multiplexing multiple samples. The other adapter includes NGS-specific sequences for DNA fragment recognition for sequencing chemistry. We now clariid this in the protocol.

- The ligation mediated PCR section is a bit confusing. The last few steps together are ligation mediated PCR. The last one is just a PCR so maybe remove the "ligation mediated" to avoid confusion.
 We now clarified the LM-PCR section in steps 18 and 19.

- Clarify what type of high throughput sequencing the library should be subjected to. SE vs PE? What read length? What depth?
 We now clarified more details of high-throughput sequencing in the protocol (e.g., single-read sequencing, >35 bp read length, 30 million reads per sample).

