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1st Editorial Decision 30 April 2019

Thank you for the submission of your manuscript to EMBO Molecular Medicine and I am so very
sorry that it has taken so long to get the 2 reports we ask for. Nevertheless, we have now heard back
from the referees whom we asked to evaluate your manuscript.

You will see that they find the data of interest and referee #2 find the work laudable! Still, referees
have three main concerns that we would encourage you to address:

- the first and most important concern, shared between the two referees, concerns the cell population
and bulk sequencing issue (1st comment of both referees). We believe that to fully elucidate whether
changes come from gene expression or cell population composition, single cell sequencing should
be performed. This option was also preferred by referee #2 during cross-commenting.

-2nd point of ref. #1 regards APP as a model of sAD vs. mendelian AD, this point should be
thoroughly discussed

- medical impact (ref. #2), validation of the findings in human tissue would increase the clinical
significance of the study.

We would therefore welcome the submission of a revised version within three months for further
consideration and would like to encourage you to address all the criticisms raised as suggested to
improve conclusiveness and clarity. Please note that EMBO Molecular Medicine strongly supports a
single round of revision and that, as acceptance or rejection of the manuscript will depend on
another round of review, your responses should be as complete as possible.

EMBO Molecular Medicine has a "scooping protection" policy, whereby similar findings that are
published by others during review or revision are not a criterion for rejection. Should you decide to
submit a revised version, I do ask that you get in touch after three months if you have not completed
it, to update us on the status.

Please also contact us as soon as possible if similar work is published elsewhere. If other work is
published, we may not be able to extend the revision period beyond three months.

Please read below for important editorial formatting and consult our author's guidelines for proper
formatting of your revised article for EMBO Molecular Medicine.
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I look forward to receiving your revised manuscript.

wEkxEE Reviewer's comments *#* 4%
Referee #1 (Remarks for Author):

The goal of this study is to analyze if the transcriptome changes happening due to the APP and/or
MAPT transgenic gene overlap with the known genetic architecture of AD risk. The author found
that in the APP model there is an overexpression of AD risk genes. A lot of these genes are involved
in immune response and inflammation and expressed in microglia. On the other hand, they did not
saw this effect on the MAPT (Tau) transgenic models. As a result, the authors conclude that the APP
mouse can be an informative model to study AD, especially early pathological stages.

However, there are two major problems in this study. The first one is that, as the author indicate a
lot of the upregulated genes are microglia genes. It is known that AD pathology, especially in
mouse, is characterized by microgliosis. Therefore, all the results presented in this study could be
driven by just change in brain cell population and not really by changes in gene expression. The
authors have a couple of section about cell population quantification and changes, but it is not clear
how it fits in the current manuscript and whether they corrected for cell population in their analyses.
The authors should use some of the already published and validated digital deconvolution methods
to quantify the cell proportion in each sample and correct for that. Even better, would be that they
perform some single cell RNA-seq experiments to confirm that the reported findings are really
change in gene expression and not cell population proportions.

The second problem is that one of main findings of this study is that the APP model is informative
for sporadic AD. However, the APP is modeled based on the Mendelian AD genes. It is known that
APP expression and/or activity does not really change in sporadic AD, and the Mendelian AD cases
are not enriched for the risk factor described for sporadic AD (Single variants and PRS). Based on
this, how the authors explain their findings? A more depth discussion of this is needed.

Referee #2 (Comments on Novelty/Model System for Author):
Technical quality: high

The novelty of the presented data is medium. Microglia and neuroinflammation in the context of AD
is an established phenomenon. Here the separation amyloid/tau is novel. Bulk tissue sequencing
complicates interpretation of the data.

The medical impact is low, none of the genes identified are validated in mouse or human CNS
tissue.

Referee #2 (Remarks for Author):

Sierksma et al. report on novel AD risk genes identified in AD-GWAS studies in amyloid and tau
mouse models to delineate their involvement in AD. The attempt to bridge the gap between risk loci
in GWAS data and really biology, as is presented here, is a laudable.

There are a few conceptual and technical issues with the manuscript that require additional
clarification in order to substantiate the observations and claims made.

1) It is unclear, why in this day and age, the authors only performed hippocampal tissue RNAseq.
Sorting/isolation protocols for different CNS cell types, and especially microglia are established. In
addition, microglia display heterogeneity in AD, as has been reported by several labs (i.e. Keren-
Shaul, Cell, 2017).

2) Bulk tissue RNA-seq data is hampered by changes in cellular composition of the tissue, microglia

numbers possibly change during AD ethology, potentially skewing expression data, were the
transcriptomes myeloid balanced?
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3) None of the deregulatated genes is validated in CNS tissue of these mice by (F)ISH,
immunostaining, or even better in human AD tissues.

4) What is the added value of these presented data in relation to the seminal Zhang Cell paper and
subsequent papers elucidating the involvement of microglia in AD pathology, that is not clear.

5) What is the expression behaviour of the 18 "core" genes in other AD data sets? Like in the Keren-
Shaul data and in other (total tissue) AD expression profiles.

6) Of these 18 genes, and other key genes, dot plots with their expression values in the different
samples should be provided, potentially as supplemental data.

7) In fig2, LFC are plotted, but the direction of the changes are not provided, in 2A< 1 assume a
positive LFC means higher expression in aged animals?

8) In Fig 2, for example panel B, is is unclear why are some of the genes are differential in APP only
(like Ccl3) and a gene with quite similar LFCs is differential in both (Olfr111) APP and Tau.

9) The WGCNA analysis was performed using an unsigned network. Horvath and Langfelder in
their paper state that signed networks are generally (90% of the cases) superior when analysing
biological data. Why was an unsigned network used, as the direction of gene expression changes is
arguably relevant in these data.

10) The blue model is enriched for microglia genes (Fig 4A). The most enriched txn factor in these
genes is SPil/Pu.1, Fig 4C. This is not very surprising as Spil is a key txn factor for microglia, so
additional clarification as to why this is relevant for AD would help, in addition to a protective snp
in the SPII gene.

11) What is the difference between "general" and "homeostatic" gene sets, line 271

12: What was used as input for icisTarget? As the output leads to Fig 4, was it the genes of the blue
module?

1st Revision - authors' response 28 November 2019

We would like to thank the reviewers for their constructive feedback and criticism. We have adapted
and extended the manuscript according to their suggestions with changes to the previous version
highlighted in grey. A detailed response to the reviewer comments can be found below.

Referee #1 (Remarks for Author):

The goal of this study is to analyze if the transcriptome changes happening due to the APP and/or
MAPT transgenic gene overlap with the known genetic architecture of AD risk. The author found
that in the APP model there is an overexpression of AD risk genes. A lot of these genes are involved
in immune response and inflammation and expressed in microglia. On the other hand, they did not
saw this effect on the MAPT (Tau) transgenic models. As a result, the authors conclude that the APP
mouse can be an informative model to study AD, especially early pathological stages.

However, there are two major problems in this study. The first one is that, as the author indicate a
lot of the upregulated genes are microglia genes. It is known that AD pathology, especially in
mouse, is characterized by microgliosis. Therefore, all the results presented in this study could be
driven by just change in brain cell population and not really by changes in gene expression. The
authors have a couple of section about cell population quantification and changes, but it is not clear
how it fits in the current manuscript and whether they corrected for cell population in their
analyses. The authors should use some of the already published and validated digital deconvolution
methods to quantify the cell proportion in each sample and correct for that. Even better, would be
that they perform some single cell RNA-seq experiments to confirm that the reported findings are
really change in gene expression and not cell population proportions.
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We agree with this comment. We have now added a single cell transcriptomics microglia
experiment of our APP/PS1 and TAU22 mouse models, which will be submitted to the GEO
database very shortly. We have integrated the single microglia RNA-seq with our bulk analysis
showing indeed a mixed picture. The observed expression changes in 16 of the 18 top genes can be
well explained from the combination of changes in gene expression and numbers of microglia.

The results from this experiment can be found in the manuscript in Fig.6, in Suppl. Fig.S5-7 and are
described from page 12 onwards in the results section. To summarize, we demonstrate that the
distribution of microglia subtypes over different cell states is dramatically different between the
APPtg mice and the TAUtg mice (Fig.5D). The results confirm that the A pathology drives the
activated response microglia (ARM; similar but not identical to DAM) response already very early
in the pathogenesis (from 4M onwards) even before any behavioral or neurodegeneration is
observed. The Tau mice show much less activated microglia and, importantly, only at 1 1M. We
surmise that they appear secondary to neuronal damage caused by TAU. We make this conclusion
based on the expression analysis in Suppl. Fig.S2 which demonstrates that early and late changes in
TAUtg mice are mostly in neuronal and synaptic genes, while in the APPtg the immune response is
early, and is amplified hugely over time. Thus, the single cell data confirm our previous bulk
sequencing conclusions and confirm that the microglia response is not only quantitative but also
qualitative in nature.

We refer to the two new paragraphs at the end of the result sections which cover the new
findings for further discussion and analysis of the findings. We feel that the manuscript significantly
improved by this suggestion and thank the referee for this critical input.

As a further note for the referee we have tried to estimate the degree of microgliosis per
experimental group, trying two published tools, Cibersort’ and MuSiC®, to deconvolute the
proportions of the different cell types (using Zeisel et al.” as a reference for the different cell types),
however, this proved to be unsuccessful. In fact, according to Cibersort, none of the experimental
groups contained microglia, while MuSiC only detected microglia in the APPtg-10M group (see
Reviewer Fig.1 below). Thus, these tools were, in our experimental setting, not suitable to make
reliable estimations of the proportion of microglia in the brain from bulk RNA-seq data. We have
therefore employed our own method to estimate fractional changes in the number of microglia
within each experimental group. A full description can be found in the Materials & Methods section
(p-27) and examples of our calculations for three genes (Apoe, Inpp5d and Clu) can be found in
Supplementary Fig.7. A summary of the results for each of the top18 genes can be found in Fig.6F,
demonstrating that the microglial expression of Cl/u and Slc2a5 cannot explain the observed change
in the bulk RNA-seq data, while the microglial contribution to the bulk RNA-seq data for the other
16 genes is significant and substantial (>67% explained variation, see Fig.6F).

The main difference between our approach and that of Cibersort and MuSiC is that the
latter two methods attempt to estimate percentages of all cell types, whereas we only predict
fractional changes of the microglia. Given that we use our fractional changes in a regression model,
we do not need absolute percentages. Moreover, the single cell data used to make our predictions for
the bulk RNAseq is derived from the same experimental groups, making the predictions more
trustworthy.
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Reviewer Fig.1: outcome of the online Cibersort tool (left) and the MuSiC algorithm (right), using
as input all 94 samples across 8 experimental groups and the marker genes for the different cell
types listed, as defined by Zeisel et al.” As can be seen, for most experimental groups 0% of
microglia are detected according to both softwares.
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The second problem is that one of main findings of this study is that the APP model is informative
for sporadic AD. However, the APP is modeled based on the Mendelian AD genes. It is known that
APP expression and/or activity does not really change in sporadic AD, and the Mendelian AD cases
are not enriched for the risk factor described for sporadic AD (Single variants and PRS). Based on
this, how the authors explain their findings? A more depth discussion of this is needed.

We apologize for not having explained this better. We used the FAD mouse models here to
model key neuropathological hallmarks of AD, i.e. amyloidosis and neurofibrillary tangles and we
ask how the brain responds to these challenges. Amyloid plaques in FAD are neuropathologically
similar to those in sporadic AD (although their different ages of onset may affect the level of
severity *”). We see no reason why the amyloid pathology in FAD and SAD would induce a
different response, while we agree that the upstream causes of the accumulation of AB might be
different. Here, we use an amyloidosis model to study the nervous system’s cellular and
transcriptomic response to this biochemical insult and compare it with a TAU/tangle insult. The
TAUtg is indeed not strictly a model for FAD but for FTD (which we acknowledge in the paper).
Also in that model we use the TAU biochemical pathology to study the gene expression responses
again assuming that the cellular responses to Tau tangles will be to a certain extent generic in nature.
The null hypothesis was that both AR and TAU biochemical changes would induce similar gene
expression profile changes in glia cells and neurons, because previous work, in which our group was
involved, has shown that the two models show very similar cognitive alterations'’. Interestingly, our
data show that the molecular pathology caused by the two different biochemical lesions cause very
different gene expression alterations throughout the brain. This is interesting as it helps us to start to
dissect further the cellular phase of disease and shows that the same cognitive symptoms can come
from very different pathological mechanisms.

We believe that the cellular responses in sporadic disease on progressive A} or TAU
accumulation will be very similar to the cellular responses in FAD as the driving biochemical
lesions are very similar. We have addressed this issue in the introduction (p4., lines 70-73).

Referee #2 (Comments on Novelty/Model System for Author):

Technical quality: high

The novelty of the presented data is medium. Microglia and neuroinflammation in the context of AD
is an established phenomenon. Here the separation amyloid/tau is novel. Bulk tissue sequencing
complicates interpretation of the data.

The medical impact is low, none of the genes identified are validated in mouse or human CNS
tissue.

We accept the criticism of the referee, although we would like to point out that all of our
genes were previously implicated in human GWAS studies and are part of the polygenic risk scores
(PRS) as calculated by the Cardiff group'""'>. We used the two mouse models to see how these
human candidate, and subthreshold candidate genes behave in these (in our opinion) highly relevant
mouse models to the disease. Thus, our work is certainly not disconnected from the clinical
observations and provides functional evidence that also sub-significant results coming from GWAS
studies make functional significance. We are convinced that this approach, combining human
genetics with mouse functional studies, brings a novel dimension to the field and shows a way
forward in how to understand GWAS implicated genes in a functional relevant context. To his/her
point of single cell resolution, we have now added a series of single cell sequencing data (all in
figure 6 and Supplementary Fig.S5-S7, which is entirely new data).

Referee #2 (Remarks for Author):

Sierksma et al. report on novel AD risk genes identified in AD-GWAS studies in amyloid and tau
mouse models to delineate their involvement in AD. The attempt to bridge the gap between risk loci
in GWAS data and really biology, as is presented here, is a laudable.

We feel supported by this comment, which is in line with what we describe above.

There are a few conceptual and technical issues with the manuscript that require additional
clarification in order to substantiate the observations and claims made.
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1) It is unclear, why in this day and age, the authors only performed hippocampal tissue RNAseq.
Sorting/isolation protocols for different CNS cell types, and especially microglia are established. In
addition, microglia display heterogeneity in AD, as has been reported by several labs (i.e. Keren-
Shaul, Cell, 2017).

This study was started a long time before the single cell data became available. We still
believe that the information coming from this bulk sequencing story is highly informative.
Nevertheless, we have now, as suggested by the reviewers, performed additional single microglia
RNA sequencing of all 8 experimental groups to improve the novelty of our manuscript and to be
able to assess the difference in response in APPtg and TAUtg mice with aging. We urge the
reviewer to also read our response to the first comment of Reviewer #1.

2) Bulk tissue RNA-seq data is hampered by changes in cellular composition of the tissue, microglia
numbers possibly change during AD ethology, potentially skewing expression data, were the
transcriptomes myeloid balanced?

The different experimental groups indeed have very different loads of microglia, as we also
discussed in the previous version of the manuscript and documented in Suppl. Fig.S2, with the
APPtg-10M mice having the highest proportion of microglia. However, while this can alter the gene
expression, it is part of the cellular response to the biochemical lesions, and it is very interesting to
see how microgliosis becomes a major part of the response very early on in the APPtg model, but
not in the TAUtg model.

We have now also performed single microglia RNA-seq to gain further insight into the
different microglial responses in APPtg and TAUtg mice. We demonstrate that microglia in APPtg
mice massively undergo a phenotypic shift from homeostatic microglia to ARM, while this effect is
very mild in TAUtg mice. As can be seen in Fig.6E, the ARM cells are highly similar between
APPtg and TAUtg mice, in agreement that the ARM (similar but not identical to DAM) response is
a generic response to brain damage. It is, however, highly interesting that this phenotypic response
is already initiated very early in the APPtg mice, suggesting that the microglia response is part of the
initial response, turning A accumulation to a cellular disease. In the TAUtg mice the microglia
response comes late, when many other molecular responses (mainly in the neurons) have already
been downregulated (see Suppl. Fig.S2). Thus, in TAUtg the microglia response is more
downstream, likely a response on the neuronal damage and also much less pronounced, to the extent
that in the bulk sequencing only very limited inflammation is contributing to the overall responses
(Suppl.Fig.S2)

Using the single cell microglia RNA-seq data we have also made predictions of the
microglial contribution to the observed bulk RNA-seq data. For a detailed description, we refer to
our response to the first question of reviewer #1 and to the results section from p.13 and the
Materials & Methods section on p.27.

3) None of the deregulatated genes is validated in CNS tissue of these mice by (F)ISH,
immunostaining, or even better in human AD tissues.

This question is largely addressed by the single cell sequencing data now added to the
manuscript, and by Supplemental Fig.S6C showing the expression of the top 18 genes in different
public datasets of various mouse models and human cases, both in bulk RNAseq and isolated
microglia/single microglia sequencing. Our experiments and those publicly available ones
demonstrate that indeed our top 18 genes are expressed in microglia (although some are lowly
expressed, e.g. Clu, Gpc2 and Treml2). We felt that again demonstrating that these genes are
expressed by microglia in situ would not yield extra information at this stage.

4) What is the added value of these presented data in relation to the seminal Zhang Cell paper and
subsequent papers elucidating the involvement of microglia in AD pathology, that is not clear.

We wish to emphasize that the point of this paper was not to identify that microglia and
neuroinflammation are at the heart of transcriptomic changes in AD. With this paper we aimed to
bridge the gap between genetic research on variants contributing to AD (polygenic) risk and the
functional interpretation and basic understanding of how these variants modulate AD risk. The
novelty in this study is the different involvement of AD risk variants in the transcriptomic response
to amyloid and TAU pathology. The Zhang paper undoubtedly highlights the central role of the
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immune system in the transcriptomic profile of late onset patients, but given that their patients had
both pathologies, they could not distinguish whether the neuroinflammation was induced by amyloid
or TAU pathology. Furthermore they could not deduce whether the responses are early or late, and
finally their paper boiled down to a few genes that reached statistical relevance, while in our paper
(logically, since we can fully control genetic background, tissue and age, in contrast to human
studies) has yielded a plethora of novel interesting genes.

5) What is the expression behaviour of the 18 "core" genes in other AD data sets? Like in the Keren-
Shaul data and in other (total tissue) AD expression profiles.

We have assessed the expression of our top 18 genes in our own microglia RNA-seq data,
as well as in various other studies using bulk RNA-seq in amyloid mouse models and AD patients or
who used isolated microglia for sequencing (including Keren-Shaul et al." and Sala Frigerio et al.

). As can be viewed in Suppl. Fig.S6C, most of our top 18 genes are also upregulated in bulk
RNA-seq data from a different amyloidosis mouse model (PS2APP) as well as in the cortex of AD
patients. Sequencing of isolated microglia, however, confirms our observation that many of the top
18 genes remain unaltered or have slightly decreased expression in the single cells and are thus
paradoxically down regulated in ARM microglia.

As described above, using regression analysis we have assessed to what extent the increased
expression of a particular gene in our bulk-seq data can be explained by either changes in the
number of microglia or the change in expression as a result of a cell state shift. As explained in more
detail in the response to question 1 of Reviewer #1, we can demonstrate that for most genes, the
increased expression in the bulk can be predominantly explained by both a shift in cell state as well
as increased number of microglia, demonstrating that the global inflammatory response to A is
comprised of two microglial responses.

6) Of these 18 genes, and other key genes, dot plots with their expression values in the different
samples should be provided, potentially as supplemental data.

We have added both the expression data for the top 18 genes both from the bulk RNAseq as
well as from the single microglia RNA-seq data as Suppl. Fig.S6A+B.

7) In fig2, LFC are plotted, but the direction of the changes are not provided, in 2A< I assume a
positive LEC means higher expression in aged animals?

Indeed, when a log2(fold change)/LFC is positive, it means the expression of the gene is
higher in comparison to the baseline group (the 4M mice in case of the aging comparison in Fig.2A).
Conversely, if the LFC is negative, the gene is expressed less than in the baseline group. We have
clarified this in the figure legend of Fig.2A-C (p.43), adding sentences such as “Thus, genes with a
positive LFC are more highly expressed in 10M mice over 4M mice” to aid the reader in the
interpretation of those graphs.

8) In Fig 2, for example panel B, is is unclear why are some of the genes are differential in APP
only (like Ccl3) and a gene with quite similar LFCs is differential in both (Olfri111) APP and Tau.

If the variability within the groups is very small, then very small LFCs may still be
significantly different between the experimental groups. However, if the variability is larger, the
difference in LFC between the 2 experimental groups that are being compared needs to be stronger,
before they reach statistical significance. Biologically this is counterintuitive, but statistically it is
necessary to respect the chosen test and not change the interpretation a posteriori.

9) The WGCNA analysis was performed using an unsigned network. Horvath and Langfelder in
their paper state that signed networks are generally (90% of the cases) superior when analysing
7

biological data. Why was an unsigned network used, as the direction of gene expression changes is
arguably relevant in these data.

Actually Horvath and Langfelder themselves use both signed as well as unsigned networks
alike to deconvolute patterns of coexpression in their transcriptomics data (e.g. see'*" for examples
of the unsigned network). We have reviewed 15 papers from 2008 onwards who used WGCNA for
transcriptomic data analysis from mouse or human brain'*?’ and out of these only 3 specifically
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specify they use the signed network'®**%°. In fact, one of the most seminal transcriptomic papers in
AD by Bin Zhang et al. in Cell 2013, who co-authored the initial paper on WGCNA?, states that
“The weighted network analysis begins with a matrix of the Pearson correlations between all gene
pairs, ..”, thus suggesting an unsigned network was used. In our opinion, co-regulation of genes is
not only uni-directional and the upregulation of one gene can simultaneously induce the
downregulation of another. Given that both up- and downregulation of genes are necessary to ensure
the activation/silencing of specific pathways, we decided to follow the trends in the field and use the
unsigned network, to assess the co-regulation of up- and downregulated genes in totality.

10) The blue model is enriched for microglia genes (Fig 44). The most enriched txn factor in these
genes is SPil/Pu.l, Fig 4C. This is not very surprising as Spil is a key txn factor for microglia, so
additional clarification as to why this is relevant for AD would help, in addition to a protective snp
in the SPII gene.

Indeed, it may not be surprising that Spil pops out as the key regulator of the APPtg-Blue
module, given that this module is enriched in microglia. We do wish to emphasize that the AD field
lacks a good functional understanding of how PRS contributes to AD development. The observation
in Fig.4C that Spil and other microglia-related transcription factors are predicted to be the top
regulators of a large set of GWAS genes (p<0.001, n=314), highlights that the microglial enrichment
of GWAS variants goes beyond the genome-wide variants, and is also observed among the
polygenic risk. It highlights with a different method that our polygenic risk for AD is likely to affect
how well our microglia react to AD-related biochemical insults, particularly amyloid.

We have removed, however, the emphasis of Spil as a regulator of the APPtg-Blue module taking
into account the remark of the referee.

'

11) What is the difference between "general” and "homeostatic" gene sets, line 271

The general microglia set was based on the gene set as identified by Zeisel et al. 2016
(n=436), which was aimed to find marker genes that would differentiate a microglia from another
brain cell. The homeostatic microglia gene set was based on the gene set produced by Sala Frigerio
et al. 2019 (n=396), which describes a ‘resting’ or homeostatic cell state in contrast to an activated
or ARM cell state. Thus, whereas the set from Zeisel et al. tries to differentiate the microglia from
other cell types, the homeostatic gene set tries to differentiate different microglia states. The sets
also only have 75 genes in common, including Aif1, Cx3crl, Inpp5d and Csflr.

Given that we now have single microglia RNAseq data to add to the paper, we have
removed this section from the paper, as we feel these previous estimations are less informative than
the newly added single microglia sequencing data.

12) What was used as input for icisTarget? As the output leads to Fig 4, was it the genes of the blue
module?

As stated in the Materials & Methods section, line 642-645, the input for i-cisTarget were
the genomic regions for each gene within each module. Thus, the enrichment for specific
transcription factors was assessed on the level of each module, assessing all 63 modules in totality.
Next, we narrowed down the regulatory transcription factors per module to those that were also
contained within that module. The top regulators were selected based on the maximum normalized
enrichment score. As can also be seen in Supplementary Fig.S3 and S4, if a particular module was
enriched for specific transcription factors that were also contained within that module, they are listed
in red.
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2nd Editorial Decision 12 December 2019

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have
now received the enclosed report from the referee who was asked to re-assess it. As you will see the
reviewer is now globally supportive and I am pleased to inform you that we will be able to accept
your manuscript pending minor editorial amendments and the comments from referee #2.

Please submit your revised manuscript within two weeks.

I look forward to reading a new revised version of your manuscript as soon as possible.

*okdak Reviewer's comments **#%#

Referee #2 (Comments on Novelty/Model System for Author):

Technical quality: high

The novelty of the presented data has increased by carefully intersecting data with GWAS results
and adding scSeq data to address tissue composition issues.

The medical impact is medium, these are amyloid and TAU mouse models, if the observed changes
induced by amyloid and Tau translate to the human situation remains to be determined.

Referee #2 (Remarks for Author):

Sierksma and co-workers significantly improved their manuscript in response to the raised
comments. A few minor comments remain:

1) in the text the referral to fig 6, line 245 should presumably be fig.5.

2) In the pseudotime analysis, what was used at the start node?

3) Was the pseudotime done on all cells from WT, APP and TAU mice combined? How do the
trajectories look like when only the WT+APP or WT+TAU samples are analysed? Is there a
trajectory in TAU samples for is it largely driven by amyloid?

4) ARM microglia seem like an endstage. Is there any evidence of a trajectory or stepwise
development from HM.1-HM.2-ARM? Like the DAM1 and DAM2 stages proposed by Keren-
Shaul? Are there genes that are differentially expressed along the trajectory and identify/label stages

along the pseudotime?

5) a bar graph illustrating the relative contribution of the different conditions/samples to the 9
identified clusters would facilitate interpretation of the cluster contribution & composition.

2nd Revision - authors' response 20 December 2019

wokxEkx Reviewer's comments *#% %%
Referee #2 (Comments on Novelty/Model System for Author):

Technical quality: high
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The novelty of the presented data has increased by carefully intersecting data with GWAS results
and adding scSeq data to address tissue composition issues.

The medical impact is medium, these are amyloid and TAU mouse models, if the observed changes
induced by amyloid and Tau translate to the human situation remains to be determined.

We thank the referee for acknowledging our efforts to improve the manuscript by adding
the single microglia sequencing data. We agree that a similar approach in human samples would be
invaluable; this is something we are currently working on in the lab.

Referee #2 (Remarks for Author):

Sierksma and co-workers significantly improved their manuscript in response to the raised
comments. A few minor comments remain:

1) in the text the referral to fig 6, line 245 should presumably be fig.5.
We apologize for this error and have corrected this in the final version of the manuscript.
2) In the pseudotime analysis, what was used at the start node?

We have used the Scorpius package
(https://www .biorxiv.org/content/biorxiv/early/2016/10/06/079509.full.pdf) to perform the
trajectory inference analysis, which does not require the definition of a start node (minimizing the
possibility of introducing a bias). The predicted trajectory analysis from Scorpius actually chose
activated microglia as the starting point and progressed towards the homeostatic microglia. For ease
of interpretation we have inverted the trajectory manually (by taking 1-pseudotime).

3) Was the pseudotime done on all cells from WT, APP and TAU mice combined? How do the
trajectories look like when only the WT+APP or WT+TAU samples are analysed? Is there a
trajectory in TAU samples for is it largely driven by amyloid?

Indeed, the pseudotime analysis was performed on all cells from WT, APPtg and TAUtg
mice combined. As suggested by the referee we have now also performed the trajectory inference
analysis separately on the APPtg & APPwt as well as on the TAUtg & TAUwt groups (see
Reviewer Fig.1 below). For both the APPtg and TAUtg mice independently, a trajectory from HM
to ARM cells (after, if required, pseudotime inversion) was predicted. This trajectory is clearly
much more outspoken in the APPtg mice, probably because the abundance of ARM cells is much
higher. For this visualization in Reviewer Figure 1 we have taken the most differentially expressed
genes between HM and ARM cells in APPtg and TAUtg mice (as described on p. 13, lines 307-314
and in Fig. 6E). We selected the top 20 genes most differentially expressed in ARM and in HM
cells, taking genes overlapping between the two models. In our opinion this analysis demonstrates
that both mouse models show a similar transcriptomic transition from HM to ARM cells, although
the results from the combined trajectory analysis may be driven somewhat more strongly by the
APPTg mice.
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4) ARM microglia seem like an endstage. Is there any evidence of a trajectory or stepwise
development from HM.1-HM.2-ARM? Like the DAM1 and DAM?2 stages proposed by Keren-
Shaul? Are there genes that are differentially expressed along the trajectory and identify/label stages
along the pseudotime?

When viewing Fig.6D it can be observed that the proportion of HM.2 cells increases as the
pseudotime trajectory moves more towards the ARM side. This can be viewed in all experimental
groups, thus we can indeed conclude that a transition occurs from HM.1 to HM.2, and then further
towards ARM. We have not performed a differential expression on the pseudotime, but performed
differential expression on the identified microglia subtypes (as HM.1, HM.2 and ARM). Upon
analysis of the DE between HM.1 and HM.2 it was clear that genes upregulated in HM.2 overlap
with genes upregulated in ARMs when compared to HM.1 + HM.2 (data not shown), again
suggesting that HM.2 is an intermediate state between HM.1 and full activation. A more in depth
analysis on a similar pseudotime trajectory can be found in Sala Frigerio et al. 2019 Cell Reports 27,
p-1293-1306.

5) a bar graph illustrating the relative contribution of the different conditions/samples to the 9
identified clusters would facilitate interpretation of the cluster contribution & composition.

We thank the referee for this suggestion and have added this bar graph to the Appendix

Figures (Appendix Fig.S5). This figure again highlights that the main experimental group
contributing to the ARM cells is the APPtg-11M group (43% of ARM cells).
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Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data

The data shown in figures should satisfy the following conditions:

= the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful way.
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

>
>
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2. Captions

the foll

Each figure caption should ing infori for each panel where they are relevant:

a specification of the experimental system investigated (eg cell line, species name).

the assay(s) and method(s) used to carry out the reported observations and measurements

an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

a description of the sample collection allowing the reader to understand whether the samples represent technical or
biological replicates (including how many animals, litters, cultures, etc.).

a statement of how many times the experiment shown was independently replicated in the laboratory.

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

exact statistical test results, e.g., P values = x but not P values < x;

definition of ‘center values’ as median or average;

definition of error bars as s.d. or s.e.m.

L 2 X 2 X R

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

B- Statistics and general methods

USEFUL LINKS FOR COMPLETING THIS FORM

http://www.antibodypedia.com
http://1degreebio.org

http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-repo

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm
http://ClinicalTrials.gov

http://www.consort-statement.org

http://www.consort-: org/checklists/view/32-consort/66-title

http://www.equator-network.org/reporting: porting-recommendations-for-tun
http://datadryad.org

http://figshare.com

http://www.ncbi.nlm.nih.gov/gap

http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/

http://jjj.biochem.sun.ac.za
http://oba.od.nih.gov/biosecurity/biosecurity_documents.htm|
http://www.selectagents.gov/

Please fill out these boxe: (Do not worry if you cannot see all your text once you press return)

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

The sample size for bulk sequencing was determined for another study, published in Sierksma et
al. 2018 Mol Neurodegeneration (PMID:30314521), using http://scotty.genetics.utah.edu and
human

AD brain miRNAseq data (Lau et al. 2013 EMBO Mol Med (PMID: 24014289)) as pilot data. We

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

For the single microglia RNA-seq, no formal power calculation was conducted, but we aimed to
retrieve approximately 1000 microglia post-filtering per experimental group.

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre-
established?

For bulk RNA-seq, 2 animals from the APPtg-10M group were excluded from further analysis, since
a PCA plot demonstrated they clustered closer to the APPtg-4M group. They also showed deviant
lexpression of their transgenes. This is explained in the Materials & Methods section, p.21, lines
513-518, and in Appendix Fig.S1

3. Were any steps taken to minimize the effects of bias when I les to treatment (e.g. Given the mice’ age and genotype, mice could not be distributed randomly across the

randomization procedure)? If yes, please describe. experimental groups, but randomization was performed during RNA extraction and library
preparation to avoid batch effects. Library preparation was performed in a blinded fashion. See
Materials & Methods 'Study design’, p.18, lines 448-454

For animal studies, include a about r evenifnor ion was used. Given the mice’ age and genotype, mice could not be distributed randomly across the

lexperimental groups, but randomization was performed during RNA extraction and library
preparation to avoid batch effects. Library preparation was performed in a blinded fashion. See
Materials & Methods 'Study design’, p.18, lines 448-454

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results
(e.g. blinding of the investigator)? If yes please describe.

Given the mice’ age and genotype, mice could not be distributed randomly across the
lexperimental groups, but randomization was performed during RNA extraction and library
preparation to avoid batch effects. Library preparation was performed in a blinded fashion. See
Materials & Methods 'Study design', p.18, lines 448-454. Investigators were not blinded during
data analysis.

4.b. For animal studies, include a statement about blinding even if no blinding was done

n/a

S. For every figure, are statistical tests justified as appropriate?

Yes

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

Yes, we checked whether the data met the assumptions of the required test, and only used the
appropriate tests.




s there an estimate of variation within each group of data?

Yes, where appropriate

Is the variance similar between the groups that are being statistically compared?

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

See M&M, p.19/20, lines 473-490; p.22, lines 546-548

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for
mycoplasma contamination.

D- Animal

n/a

*for all hyperlinks, please see the table at the top right of the document

| Models

8. Report species, strain, gender, age of animals and genetic status where Please detail housing

and husbandry conditions and the source of animals.

See M&M, p.19, section 'Mice', lines 456-471

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the
committee(s) approving the experiments.

See M&M, p.19, section 'Mice', lines 456-471

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
[compliance.

'We confirm compliance

E- Human Subjects

top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

11. Identify the committee(s) approving the study protocol. n/a
12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments n/a
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human

Services Belmont Report.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. n/a
14. Report any restrictions on the availability (and/or on the use) of human data or samples. n/a
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. n/a
16. For phase Il and Il randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right) ~ [n/a
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under

‘Reporting Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at [n/a

F- Data Accessibility

G- Dual u:

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data
[generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

See M&M, p.28, 'Data and Software availability'

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
ljournal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of
datasets in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in
unstructured repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

n/a, and see Appendix tables 51-3 and Datasets EV1-EV7.

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while
respecting ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible
with the individual consent agreement used in the study, such data should be deposited in one of the major public access-|
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized
format (SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the
MIRIAM guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list
at top right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be

ited in a public repository or included in supplementary information.

n/a

se research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.

n/a




