Editorial comments:
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.
This has been done.

2. Please use SI abbreviations for all units: L, mL, µL, h, min, s, etc. Please use the micro symbol µ instead of u and abbreviate liters to L (L, mL, µL) to avoid confusion. 
This has been done.
3. Please include a space between all numbers and the corresponding unit: 15 mL, 5 g, 7 cm, 37 °C, 60 s, 24 h, etc. 
This has been done.
4. 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. 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: Falcon, QuadroMACS, Fc block, Kimwipe, PCRClean DX, Illumina, Nextera, BD FACSAria II, etc. 
This has been done.

5. 2.1: Is male or female mouse used here? 
This has been specified (line 127-128).

6. After you have made all the recommended changes to your protocol section, 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. 
This has been done.

7. 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. Notes cannot usually be filmed and should be excluded from the highlighting.
This has been done.

8. 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.
This has been done.

9. Figure 1: Please use the micro symbol µ instead of u. 
This has been done.

10. Table of Materials: Please sort the materials alphabetically by material name. 
This has been done.

11. References: Please do not abbreviate journal titles; use full journal name. 
This has been done.


Reviewers' comments:
Reviewer #1: 
Manuscript Summary:
The manuscript by Zhou and Li details a rapid isolation of microglia by FACS and SMART-seq. The manuscript is well written and easy to follow. The authors include helpful notes to help readers adapt the protocol to their existing protocols. The technique is beneficial to the microglial community, who are increasingly interested in using single-cell RNAseq techniques to dissect cell diversity and function. There are a few points that require further clarification:

*The protocol could be improved by using a more specific microglial marker for FACS, such as TMEM119 or P2RY12. While microglia do generally express lower levels of CD45, this can change with disease, making it more difficult to distinguish microglial cells from other macrophage populations. A note regarding this point would suffice.
We agree that TMEM119 and P2RY12 can be more specific to microglia, but recent studies showed that certain microglia populations downregulate these surface markers, especially during development and disease (Li et al., Neuron. 2019; Keren-Shaul et al., Cell. 2017). In addition, some border associated macrophages in the choroid plexus are also found to express TMEM119/P2RY12 (Van Hove, Nature Neuroscience. 2019). Because microglia could lose TMEM119/P2RY12 (meanwhile upregulate CD45), using these “specific” markers alone for sorting may exclude interesting subpopulations unique to development or disease. This is the main reason we recommend using CD45 for index sorting to “catch all” (i.e. including both CD45 low and hi), although TMEM119 surface expression can be recorded as part of the meta data and analyzed together with the sequencing results in the end. We have added a couple sentences in Step 5.2 and Step 6.1 to discuss this option. 

*There are other methods currently used in the field to remove myelin for microglial cell isolation (e.g. Percoll centrifugation). A discussion comparing these methods vs. the Miltenyl beads would be helpful.
Nikodemova et al. compared Percoll, Sucrose, and Myeline removal beads methods for myelin removal, and found that Percoll provides the best results in terms of viability and yield, although this advantage is marginal compared with the beads method (Nikodemova et al, 2012).
Swartzlander et al. discussed the differences between Miltenyi Myelin removal beads and Percoll, and showed in a table that Percoll or Percoll PLUS contains higher levels of endotoxins. This may artificially activate microglia (Swartzlander JCI Insight, 2018). 
We have included some discussion (line 925-929) on this point, citing these two papers. 

*The images in Figure 1 are not very informative. The authors should consider replacing with images where the trypan blue staining can be better appreciated.
In our hands, the vast majority of cells after myelin removal are round shaped, and appear to be microglia. These cells rarely stain blue, and therefore are live cells. Since viability is usually not an issue following our protocol, in this picture, we mainly want to show the shape, density and scale of these cells, as well as devoid of cell debris. We edited the sentence in the Figure 1 legend to make it clearer. 

*In Figure 3, it would be helpful to better explain to readers less familiar with these techniques what would be the upper and lower limit of quality that will allow for interpretable results.
We edited the figure legend for Figure 3 and also added more labels on the graph to explain how to interpret these results. 

*In Figure 4, the authors note that they do not see reginal differences in the microglial clustering. However, there appears to be some region-specific clustering. While hippocampal microglial are dispersed throughout the tSNE, there do seem to be distinct clusters of cortical, striatal, and cerebellar microglia. Also, there is existing literature that shows region-specific differences in microglial gene expression (e.g. Ayata et al. Nat Neurosci 2018). The authors should discuss these results and how they relate to their data set.
We appreciate the reviewer pointing out this interesting observation. Although these regional microglia “appear” to concentrate on certain areas of the tSNE plot, they do not form distinct clusters according to regional origins, even with parameters of different stringencies. This is consistent with an independent scRNAseq dataset we generated and bulk RNAseq data (sorted by TMEM119), where little to none differentially expressed genes were found between regional microglia (Li et al. Neuron. 2019). It is also consistent with other published scRNA-seq datasets, where no region-specific clusters were reported (Keren-Shaul et al. Cell. 2017. Hammond et al. Immunity. 2019). We cannot exclude the possibility that these subtle variations may arise from small batch effects as cells from different tissues were processed separately. 
We extensively discussed such limited regional heterogeneity in adult mice in our recently published paper (Li et al. Neuron. 2019), which was referenced here. We also discussed the comparison between our observation and Ayata’s publication in the Neuron paper. Since this manuscript is a protocol and Figure 4 just shows an example for applying the protocol, we want to focus on methodology here, and direct readers to our paper for scientific discussion (edited in line 791-794 for clarity). 

*The authors state that their data are reproducible between two animals, but mouse#2 in Figure 4B largely clusters to the left and mouse#1 to the right.
Similar to the previous point, Mouse 1 and Mouse 2 do not form distinct clusters from unbiased analysis. Even though they “appear” to concentrate on certain areas of the tSNE plot, they also overlap extensively. For a multi-day experiment that includes various molecular manipulations (such as PCR amplification), and different samples were processed separately, small batch effects may be inevitable, but this does not affect clustering analysis or comparisons between experiments. We added a sentence to admit that such small batch effects may exist (line 796-798.

* It is helpful to see microglial specific genes in Figure 4C. The figure would benefit from also showing negative control genes for astrocytes, neurons, etc.
We added a panel (Figure 4D) to show these negative control genes. 

*A more comprehensive discussion of the pros and cons of this technique compared to other single-cell RNAseq techniques would be very helpful and a good resource to the community. This could also be done in the form of a table.
As suggested, we added a table (Table 1) to discuss the pros and cons of plate-based (Smart-seq2) vs. droplet-based (e.g. 10X Genomics), two most commonly used scRNA-seq approaches.  

*It is not clear what the authors mean in the discussion when they state on line 406-408 that "….each plate is processed individually, library preparation is not limited by the number of cells, which is advantageous when studying small subsets of microglia in certain conditions."

We edited this sentence to make it clearer (line 979-983)


Reviewer #2:
Manuscript Summary:
The protocols manuscript by Zhou and Li describes a straightforward protocol for isolating microglia from multiple regions of the mouse brain and subsequent preparation for plate-based single-cell RNAseq. The manuscript is well written and the protocol appears straightforward to follow and seems like a great candidate for JoVE.

Major Concerns:
I have only one major comment. Does this protocol "activate" or unduly stress microglia during mechanical dissociation and douncing? Have the authors done a rigorous comparison for this issue with this protocol and other protocols that exist, that claim to stress microglia less? Also - can the authors provide some analytic or bioinformatic strategies for detecting microglial activation or stress, for example, by providing lists of marker genes that may provide some indication for stress?
This protocol is adapted and streamlined from a previously published protocol (Bennett et al., PNAS. 2016). In the earlier version, Bennett et al. had compared this approach with other published datasets to demonstrate less activation of microglia, by showing lower expression of classical inflammatory markers, such as Tnf, Il1b, Nos2 and Nfkb2. We added Figure 4E to show expression of these 4 genes (upper panel) in the single cell data, and added a couple sentences in Discussion to illustrate this point (line 909-915).
We also admit that this protocol may “stress” microglia by upregulating early response genes. We showed previously by histology methods that these genes (e.g. Egr1 and Fos) are not expressed by microglia in vivo (Li et al. Neuron. 2019). Steffen Jung group also showed that FACS sorting could artificially upregulate early response genes. We added Figure 4E (lower panel) to show their expression, and added sentences in Discussion to recommend histology validation of such gene expression. 

Minor Concerns:
1. Please provide a citation in lines 53-55.
Citations added. 

2. Please add a citation for ERCC RNA spike-in use and prep protocol
Citations added. 

3. Is there any downside to using 1/12 the suggested reaction volume from the library prep step in 7.3?
Miniaturizing reaction volumes can dramatically cut down the cost and facilitate automation by liquid handling robotics, and with this method, well over 90% of the single cell libraries pass stringent quality controls (See Figure S1 in Li et al. Neuron. 2019). Although using smaller volumes may lower its detection power SMARTseq2 normally affords, this method still routinely detects at least 3 times more genes compared with other scRNA-seq methods (See Figure S5 in Tabula Muris. Nature. 2018). It is the smallest volume the used robotics can accurately pipette without sacrificing data quality. 

4. Can the authors estimate the costs from this protocol? Are there considerable cost savings with this protocol compared to the off the shelf SmartSeqV4 protocol?
[bookmark: _GoBack]This protocol costs about $5/cell for library preparation, compared with $23/cell if using SmartSeq v4 kit. We included this information in the Discussion (line 986-988) and Table 1. 
5. Please include some bioinformatics steps (or at least a link to some)
We added brief bioinformatic steps (Step 7.8) and provided citations for detailed procedures.

