We thank the Reviewers for their comments. Our responses are in Red. 


Reviewer #1:
Major Concerns:
The authors should specify the improvement of this protocol to the one they published on Benjamin J. Patty & Sarah J. Hainer et al. Nature protocols and Sarah J. Hainer, Thomas G. Fazzio et la. Currentprotocols. Otherwise, I don't see the point to publish the same thing again and again.

We appreciate the Reviewers comment. When invited to write this article, we noted to the editors that we had previously published those above-mentioned articles. The editors still wanted us to contribute and noted that JOVE finds novelty in the accompanying video that is generated. Therefore, we obliged and put together this manuscript. Of note, we have updated our protocol to include 96-well format for single cell application, which is uniquely discussed in this protocol.

Reviewer #2:
Manuscript Summary:
Lardo and Hainer., "Single cell factor localization on chromatin using uliCUT&RUN"
In this manuscript, Lardo and Hainer detail their protocol for single cell CUT&RUN assays in a plate (96well) format. CUT&RUN and other similar methods have become the predominant method for characterizing protein-DNA interactions in the context of the nucleus and methods that can provide single cell resolution are increasingly important. Critically, single cell experiments typically require high numbers of cells so optimized methods for high-throughput work are valuable.
The methods paper clearly describes most of the steps in the protocols used by the laboratory. However, the rationale and requirements for many critical steps could use additional detail or discussion, particularly to highlight potential pitfalls. Including critical lessons learned as part of establishing these methods would facilitate other researchers in make modifications, such as automation, that would further take advantage of the laboratory's work. A subset of these are highlighted below but the authors should review their manuscript for additional locations where specific reagent choices were critical for the success of their method.
Thank you for these suggestions. We have gone through all your suggestions and added discussion of these items as well as a few other aspects that, upon re-reading, we identified as requiring more discussion.

Major Concerns:
The selection of the cell sorter (and it's set up) is likely valuable. Many of the details of the protocol cited here likely directly tied to the instrumentation and its limitations. These would include the number of cells to start with (2.7), target volume of lysis buffer (3.1), etc. Is 100uL used because that is the lowest volume that would successfully give high fractions of cells loaded into the well? What is the fraction of wells with cells you expect?
Thank you for this discussion. The instrument and cell input go hand in hand. We have used FACS Aria II instruments (included in our Materials Table), and the recommended input is 1 million cells (in 1mL), which is why that is described here. We recovered 80-95% of wells with single cells, and the remainder with 0 cells. We have now recommended that readers test the sorting efficiency in advance (Lines 157-158; 380-381; 454-456). We have always initially lysed the cells in 100µL; partly to make sure it is a high volume and we can capture the cell, and also out of habit. This is not a volume we have altered in our protocol to this point.

Along the same lines, the choice of plate you are using is likely critical as well - presumably favoring low bind v-bottom plates? More explicit inclusion of details where an uninformed user could scuttle their experiment would be beneficial throughout the manuscript.
Thank you for this recommendation, we have included the plates in the materials table.

With the cell spin down (3.5) how much loss is expected? Are there cell types tested where the nucleus is not reliably brought to the bottom of the well.
With this low-speed spin, we do not observe lysis of murine ES cells. We have performed CUT&RUN on a few other cell types, and in bulk cells, we do not observe lysis; however we have not performed single cell CUT&RUN in other cell types. 

In all cases, the volumes of reagents used are enormous given the very tiny amount of sample. Why were such large volumes chosen? Have the authors explored the impact of lowering these volumes? Many reactions would be expected to work better in a lower volume situation, but what is the impact on the MNase reaction? Is that less well controlled? A further discussion on these points would be helpful.
Thank you for pointing this out. We have been testing reductions in some of the reagents recently in our lab and have obtained robust results for some but not all reagents. We are including here what we are 100% confident in working; but have now added a discussion about how some of these volumes could be decreased based on your suggestion (Lines 481-485).

For the adaptor ligation/library construction, how different is this method from kitted protocols such as NEB UltraII where miniaturization of the reactions has been demonstrated with robust results?
The library construction method we use follows a similar protocol to the Illumina kit, but by sourcing the reagents separately we can save money. However, we have also tested using the kit for library preparation and it works as well.

In analysis, if only 0.5%-10% of the reads are alignable, what are the other 90+% of the reads? Are they all just the spike in? If so, to get 100k aligned reads, you are needing 1m-20m reads per cell?
Yes, as is common in all single cell DNA-based datasets (including scATAC-seq and scDNase-seq), there are small % mapped reads in these datasets (we have noted this on Line 394). The majority of the reads are spike in and random bacterial reads. In our original 2019 paper (Hainer et al Cell 2019) where we originally described this method, we compare CUT&RUN data to scATAC-seq data and actually find a higher percent mapping. And yes, you are correct that given the low mapping, the amount of raw sequencing reads required is high. 

The negative control in all ChIP experiments is always challenging to interpret since so few molecules would be expected to be released. What results are you observing in failed experiments where the negative control is proving valuable as a control for the experiment? What peaks or data points are you able to exclude?
In single cell experiments, the negative control is also hard to interpret. However, if one has high cell CUT&RUN (or ChIP-seq) data to compare the single cell datasets to (as we suggest in this article), the negative control would have less reads contributing to the locations that high cell datasets have identified as a binding site for the protein of interest, but rather have a random distribution of reads across the majority of the genome (with a bias for open regions of chromatin). In single cell experiments, the negative control can be used as an “input” type, where reads could be subtracted. However, given the sparse nature of single cell datasets, we do not recommend this, but rather use the negative control as a comparison of reads over the locations of interest (as defined by high cell datasets).  (Lines 460-466)

The authors indicate that, because of the expected failure rate, additional samples should be done (line 460). How do you decide on the number of cells you want to process to compensate for an expected failure rate?
This is complicated, as it is largely dependent on the factor being profiled. For robust antibodies, the number of cells is likely lower than for a weak antibody. In addition, it is possibly cell type dependent. (Lines 476-480)

The authors indicate a number of possible failure modes but were these observed or simply hypothetical? For example, incomplete lysis of a single cell would seem to be quite unlikely.
These are observed failures in CUT&RUN experiments we have performed, although this includes both high cell and single cell experiments. We wanted to be thorough in what we included, and therefore included everything we have experienced.

Minor Concerns:
Typo in line 110: presumably this should be pg/uL?
It is actually pg/mL, however, thank you for identifying that we did not detail carefully enough the volume added here (15 µL).

For 96 well work, the choice of the magnetic rack can be a critical step and should be included.
Thank you for this suggestion! We have included the magnetic rack we prefer to use in the Materials Table.

The baseline for the trace in figure 2D is clearly set up incorrectly.
Thank you for this comment. This is an example of a library pre-sequencing, and therefore adapters are still present, so the size distribution is ~200-400bp. This trace is reflective of a typical distribution before adapters are removed for the analysis. 


Reviewer #3:
Manuscript Summary:
It is a well-written manuscript although the method has been described and published on Cell (2019) and Nature Protocols (2021). A few questions/ comments are listed as minor concerns.

Minor Concerns:
Line 117: Please briefly describe Bio-Mag ConA beads.
Thank you for this comment; we have included a “NOTE” describing these beads (Line 119-120)

Line 145: Please briefly describe the purpose of adding 7-AAD.
Thank you for this comment; we have included a “NOTE” describing the purpose of 7-AAD (Line 149-150).

Line 216: Please briefly describe the purpose of adding CaCl2.
Thank you for this comment; we have included a “NOTE” regarding the purpose of CaCl2 (Line 225-226).

Figure 2C: The DNA visualization on agarose gel is not clear enough.
Thank you for this comment; the gel is hard to see. We have provided a higher quality image for the reads to visualize more easily (Figure 2C)

Figure 3: The figure has been published in Reference 23. Authors may consider using another set of uliCUT&RUN data as example, either on different cell or using different antibody to convince readers this protocol's reliability and wide application.
Thank you for the comment; JOVE allows previously published work to be included and since we do not want to “scoop” our own work and publish work for a primary dataset, we have chosen to use previously published datasets.

Line197: add the example of optimal MNase digestion vs. sub-optimal MNase digestion will be beneficial for the readers.
Thank you for the suggestion, we have included this example as Figure 2D.

Line233: It should be 20 mg/mL instead of 20 mg/mm
Thank you for catching this typo. It has been corrected. 

