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16th Aug 20211st Editorial Decision

Dear Dr. Yin, 

Thank you for submitting your manuscript to The EMBO Journal. Your study has now been seen by two referees and I am afraid
that the overall recommendation is not a positive one. 

As you can see below, the referees find certain aspects of the paper interesting, but also find that we gain too limited support for
how cGAS is palmitoylation is regulated and as well as the physiological relevance of the reported findings. Given these
comments by key experts in the field, I am afraid that I can't offer to consider publication here. 

I thank you for the opportunity to consider this manuscript. I am sorry that we cannot be more positive on this occasion, but I
hope nevertheless that you will find our referees' comments helpful. 

Yours sincerely, 

Karin Dumstrei, PhD 
Senior Editor 
The EMBO Journal 

**************************************************** 

Referee #1: 

In this work Shi et al report that cGAS is palmitoylated by ZDHHC18 to exert negative regulation of its activity by impairing DNA
binding. The data presented are generally strong, and appear convincing. However, the work is mainly based on overexpression
in HEK293T cells, and hence it is very difficult to assess the regulation of the proposed mechanism as well as the physiological
relevance. 

1. One essential unresolved question is whether palmitoylation and ZDHHC18 are part of the constitutive suppression of cGAS
activity or an activation-induced negative feed-back. This is important to resolve. This should include (but not be limited to)
detailed kinetics of DNA-induced IFNb expression in wt versus KO cells. 

2. If it turns out to be a negative feed-back loop, some initial characterization of what induces ZDHHC18 activation / cGAS
palmitoylation should be performed. For instance, is cGAS palmitoylation dependent on STING or TBK1? 

3. The infection phenotype presented in Fig. 6A is rather weak. Different doses of virus should be tested, or other
infection/disease models should be tested. In the absence of a clear phenotype in mice or a primary human cell system, this
reviewer is not convinced about the physiological relevance. 

4. In line with the modest phenotype, the data in Fig 6G does not show a strong effect on pSTING in KO cells. 

5. One important question is whether ZDHHC18 is specific for cGAS. It should be tested in details whether ZDHHC18 KO cells
exhibit different response to other PRR agonists (RIG-I and TLR pathways). 

Referee #2: 

The authors demonstrated that cGAS undergoes palmitoylation, which restricts its activity. They identified the responsible
palmitoyltransferase ZDHHC18, and further demonstrated the significance of this post-translational modification in KO mice. The
work presented here is potentially interesting, but some experiments, especially the ones regarding subcellular localization, were
underdeveloped. 

Major critiques: 
------------ 
Figure 1: 
* In addition to C474S, the degree of palmitoylation appeared to be drastically reduced in C405S and C409S. The corresponding
texts in "Results" is misleading and should be amended. 
* The amount of cGAMP should be examined with/without palmitic acid. 



Figure 2:
* The image of ZDHHC18 in Figure 2K and Figure S2D appeared very different, even in the same cells (HeLa cells) used.
Figure 2K showed the punctate localization (what kind of organelles?), in contrast, Figure S2D showed the typical Golgi
localization. Given this discrepancy, it is impossible to interpret the results shown in Figure 2K (a partial co-localization between
cGAS puncta and ZDHHC18 after DNA transfection). In Figure S2F, ZDHHC18 appeared to show the typical ER localization.

Figure 3: 
* Figure 3A: It is very confusing that they used GFP-cGAS in this particular experiment. Why was HA-cGAS not found in the
nucleus in Figure 2K? If the tagging anything to cGAS interferes its localization, the authors should examine the localization of
endogenous cGAS throughout the experiments (as they stained in Figure S2F). In Figure S3A, the stain of Rab7 is not
convincing. The authors should carefully pay attention to the previous literatures that never describe the cGAS localization to
late endosomes. Again, the endogenous cGAS localization should be examined.

Figure 5: 
* Figure 5B: ZHHC18 (CS) should be examined.
* Figure 5C: Does KD of ZHHC18 affect the amount of cGAMP?

Technical critiques: 
(1) In Figure 1, having the schematic for acyl-RAC assay would be helpful for general readers.

(2) All of the WB lack the molecular weight indicators. Some WB lack the appropriate legends (blotted with what antibody? such
as Fig. 1G).



25th Aug 20211st Authors' Response to Reviewers

First of all, thank you very much for your note with reviewers’ comments for our manuscript entitled ZDHHC18 negatively 
regulates cGAS-mediated innate immune immunity through palmitoylation (manuscript #: 2021-109272). I would like to 
reiterate that the EMBO Journal is a favorite venue dear to my heart, which is the reason why we sent to you the best of our 
works. While we believe that these comments are hugely helpful for the further improvement of our manuscript, I would like 
to point out that the reviewers may also miss some information from our manuscript due to confusion and factual errors. 
Furthermore, we have collected substantial additional data since the submission of our original manuscript. We would like to 
discuss with you about a potential resubmission given that we can address almost ALL concerns raised by reviewers.

As a cytosolic DNA sensor, cGAS plays a central role in innate immune activation and has been linked to various autoimmune 
diseases. Especially, understanding the regulatory mechanism of cGAS activation is an intriguing and challenging task that has 
draw significant attention recently (Ablasser & Chen, Science, 2019, 1055).In this work, we focus on a palmitoylation 
modification that tightly controls the activity of cGAS as a specific mechanism in cGAS regulation, which is the first in its 
kind. In addition, our findings uncovered a new protein machinery that is responsible for this process and demonstrate its 
biological relevance both in vitro and in vivo. Both reviewers regarded our work as "generally significant, convincing, and 
interesting".  

We definitely committed to further improvement of the current manuscript to meet your high standard of publishing for the 
EMBO Journal.  Given the opportunity to revise, we are confident to address two major questions: 1) the specific regulatory 
mechanism and ) the biological relevance of cGAS palmitoylation by ZDHHC18. We have detailed these in the attached point-
to-point response to the reviewers’ comments.
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Referee #1:  
 
This reviewer fully recognized the significance of our data: “In this work Shi et 
al report that cGAS is palmitoylated by ZDHHC18 to exert negative regulation 
of its activity by impairing DNA binding. The data presented are generally strong, 
and appear convincing.”  
 
1. One essential unresolved question is whether palmitoylation and ZDHHC18 
are part of the constitutive suppression of cGAS activity or an activation-
induced negative feed-back. This is important to resolve. This should include 
(but not be limited to) detailed kinetics of DNA-induced IFNb expression in wt 
versus KO cells. 2. If it turns out to be a negative feed-back loop, some initial 
characterization of what induces ZDHHC18 activation / cGAS palmitoylation 
should be performed. For instance, is cGAS palmitoylation dependent on 
STING or TBK1? 
 
Response: We thank this reviewer’s comment. As we mentioned in the 
Discussion section, we believe that the suppression of cGAS avtivity by 
palmitoylation and ZDHHC18 is a DNA-induced negative feed-back. There are 
also three pieces of key evidence:1, using click chemistry to detect endogenous 
cGAS palmitoylation in mouse macrophages, we found that cGAS is not 
palmitoylated in resting state, while palmitoylation of cGAS appears when 
cGAS is activated by DNA (Response fig. 1A); 2, using acyl-RAC assay to 
detect cGAS palmitoylation in cells, cGAS is overexpressed through 
transfecting expressing plasmids, thus cGAS is activated by plasmid DNA and 
its palmitoylation is detected (Figure 1A, 1B, 1G, 2A and 2C); 3, since 
ZDHHC18 is the major palmitoyl-transferase of cGAS, the association between 
cGAS and ZDHHC18 is increased in the presence of DNA, agreeing with the 
activation-induced negative feed-back model of cGAS palmitoylation 
(Response fig. 1B and 1C). Therefore, we concluded that in the resting state, 
cGAS is not palmitoylated, which primed cGAS for rapid activation to initiate 
immune responses; after cGAS is activated by DNA, ZDHHC18 closely 
interacts with cGAS and promotes its palmitoylation, functioning as a negative 
feed-back to reduce cGAS signaling and prevent its overactivation. 

Furthermore, based on our data, the cGAS palmitoylation is not dependent 
on STING or TBK1. As we carried out cGAS palmitoylation experiments in 
HEK293T cells which lack the endogenous expression of STING, TBK1 and 
downstream signaling pathway is not activated. Thus, cGAS palmitoylation 
happens independent of STING and TBK1. 

Finally, we agree with the reviewer that kinetics studies would be helpful. 
Given the chance to revise, we will be happy to perform detailed kinetics of 
DNA-induced IFNb expression in ZDHHC18- wt versus ZDHHC18- KO cells 
and the effect of palmitoylation inhibitors. 
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Response fig. 1 (A) This is data of Figure 1C in manuscript. Click 
chemistry applied for detecting endogenous cGAS palmitoylation in 
RAW264.7 cells. PA: palmitic acid; 17-ODYA: 17-octadecanoic acid. (B) 
This is data of Figure 2K in manuscript. Immunofluorescence analysis 
of HA-cGAS (green) and Flag-ZDHHC18 (red) in HT-DNA-stimulated 
(or not) HeLa cells. Scale bars: 7 μm. (C) This is data of Figure 2L in 
manuscript. Colocalization (merged volume of total cGAS signal) of 
cGAS and ZDHHC18 in (B). ***, P˂0.001. 

 
3. The infection phenotype presented in Fig. 6A is rather weak. Different doses 
of virus should be tested, or other infection/disease models should be tested. 
In the absence of a clear phenotype in mice or a primary human cell system, 
this reviewer is not convinced about the physiological relevance. 
 
Response: These are good points. Given the chance to resubmit, we plan to 
test different doses of HSV-1 infection in mice. Moreover, we are going to test 
another DNA virus, VACV, which is generally used to activate cGAS in mice 
models. Further, we will use siRNA to detect the phenotype of ZDHHC18 and 
cGAS palmitoylation in human peripheral blood mononuclear cells (PBMCs). 
 
4. In line with the modest phenotype, the data in Fig 6G does not show a strong 
effect on pSTING in KO cells. 
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Response: In order to clarify the effect of phosphorylated STING in KO cells, 
we calculated the relative intensity of phosphorylated STING in figure 6G 
(Response fig. 2A) and its replicates. We found that at 9 hours post HSV-1 
infection when the level of phosphorylated STING is low, the effect in KO cells 
is indeed not obvious (Response fig. 2B right two columns). However, at 4 hours 
post HSV-1 infection when the level of phosphorylated STING is high, the effect 
in KO cells is much more apparent (about 1.5-fold intensity relative to WT 
control) (Response fig. 2B left two columns). 
Furthermore, we plan to examine the kinetics of phosphorylated STING in KO 
cells. 
 

 
Response fig. 2 (A) This is data of Figure 6G in manuscript. BMDMs 
(Zdhhc18+/+ or Zdhhc18-/-) were infected with HSV-1 (MOI=2) for the 
indicated times before immunoblot analysis, as shown. (B) Relative 
intensity of phosphorylated STING in (A) and replicates. N.S., no 
significance. **, P˂0.005. 

 
Furthermore, we have also infected HSV-1 in ZDHHC18-/- primary MEFs. 

The phosphorylated STING after HSV-1 infection in MEFs showed difference 
compared with BMDMs (Response fig. 3A). We found that at 6 hours post HSV-
1 infection, the effect of phosphorylated STING in KO MEFs was not obvious 
(Response fig. 3B left two columns). Whereas at 9 hours post HSV-1 infection, 
the intensity of phosphorylated STING in KO MEFs was about 1.5-fold to WT 
cells (Response fig. 3B right two columns). Taken together, these results 
suggested that in different ZDHHC18 KO primary cells, phosphorylated level of 
STING increased to ~1.5-fold at a specific time point. 



 5 

 
Response fig. 3 (A) MEFs (Zdhhc18+/+ or Zdhhc18-/-) were infected 
with HSV-1 (MOI=5) for the indicated times before immunoblot analysis, 
as shown. (B) Relative intensity of phosphorylated STING in (A). 

 
5. One important question is whether ZDHHC18 is specific for cGAS. It should 
be tested in detail whether ZDHHC18 KO cells exhibit different response to 
other PRR agonists (RIG-I and TLR pathways). 
 
Response: We agree that it’s important to know whether ZDHHC18 is specific 
for cGAS. In order to answer the question, we have used CRISPR to KO 
ZDHHC18 in HEK293T cells and infected cells with Sendi virus (SeV) which 
can effectively activate RIG-I pathways. As shown here, ZDHHC18 KO had no 
effects on Sendi virus induced type I interferon expression (Response fig. 4), 
indicating ZDHHC18 did not affect RIG-I pathway. Next, we plan to test the 
downstream signals response of ZDHHC18 KO cells to other PRR agonists in 
TLR pathway. 

 
Response fig. 4 HEK293T cells were transfected with px458 (500 ng), 
px458-sgZDHHC18 (500 ng) plasmids for 24 h. Cells were treated with 
SeV (1:200) for 6 h and 9h before RT-qPCR analysis of IFNb1 
expression. N.S., no significance. 
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Referee #2: 
 
This reviewer commented favorably on our manuscript: “The authors 
demonstrated that cGAS undergoes palmitoylation, which restricts its activity. 
They identified the responsible palmitoyltransferase ZDHHC18, and further 
demonstrated the significance of this post-translational modification in KO mice. 
The work presented here is potentially interesting.”  
 
Major critiques: 
Figure 1: 
* In addition to C474S, the degree of palmitoylation appeared to be drastically 
reduced in C405S and C409S. The corresponding texts in "Results" is 
misleading and should be amended. 
* The amount of cGAMP should be examined with/without palmitic acid. 
 
Response: We thank the suggestion by the reviewer. We examined the amount 
of cGAMP with/without the addition of palmitic acid in THP-1 cells. The results 
showed that palmitic acid which promoted palmitoylation of cGAS reduced the 
production of cGAMP in the presence of double-stranded DNA (Response fig. 
5), which is consistent with our conclusion that palmitoylation impaired the 
enzymatic activity of cGAS. 

 
Response fig. 5 THP-1 cells were treated with DMSO or palmitic acid 
(100 μM) for 12 h. Six hours after transfection with HT-DNA (2 μg/mL), 
cGAMP was extracted and quantified by cGAMP ELISA. **, P˂0.005. 

 
Figure 2: * The image of ZDHHC18 in Figure 2K and Figure S2D appeared very 
different, even in the same cells (HeLa cells) used. Figure 2K showed the 
punctate localization (what kind of organelles?), in contrast, Figure S2D showed 
the typical Golgi localization. Given this discrepancy, it is impossible to interpret 
the results shown in Figure 2K (a partial co-localization between cGAS puncta 
and ZDHHC18 after DNA transfection). In Figure S2F, ZDHHC18 appeared to 
show the typical ER localization. 
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Response: We thank the reviewer to point this out. It is worthy to note that the 
state of cGAS overexpression is different between Figure 2K (Response fig. 1B) 
and Figure S2D (Response fig. 6): in Figure 2K, we overexpressed Flag-
ZDHHC18 together with HA-cGAS and found that ZDHHC18 showed the 
punctate localization (Response fig. 1B); whereas in Figure 2D, we 
overexpressed Flag-ZDHHC18 without overexpressing cGAS and found that 
ZDHHC18 showed typical Golgi localization (Response fig. 6). 

 
Response fig. 6 This is data of Figure S2D in manuscript. 
Immunofluorescence analysis of Flag-ZDHHC18 (FL or truncated 
mutants) or Myc-ZDHHC18 and GM130 or calnexin in HeLa cells. FL: 
full length. Scale bars: 7 μm. 

 
Moreover, we also detected the localization of ZDHHC18 in cGAS KO HeLa 

cells (Response fig. 7). We found that after cGAS was deleted, ZDHHC18 
showed spots-like localization which was different from that in Figure 2K 
(Response fig. 7). One possible reason for these results is that different 
concentration and aggregation state of cGAS in cytoplasm (depletion, 
endogenous expression and overexpression) may alter the localization pattern 
of ZDHHC18. 
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Response fig. 7 Immunofluorescence analysis of mCherry (A), 
ZDHHC18-mCherry and ZDHHC18(CS)-mCherry in cGAS-/- HeLa 
cells. ZDHHC18(CS): a catalytic mutant with a cysteine-to-serine 
substitution in the DHHC motif of ZDHHC18. 

 
Figure 3:* Figure 3A: It is very confusing that they used GFP-cGAS in this 
particular experiment. Why was HA-cGAS not found in the nucleus in Figure 
2K? If the tagging anything to cGAS interferes its localization, the authors 
should examine the localization of endogenous cGAS throughout the 
experiments (as they stained in Figure S2F). In Figure S3A, the stain of Rab7 
is not convincing. The authors should carefully pay attention to the previous 
literatures that never describe the cGAS localization to late endosomes. Again, 
the endogenous cGAS localization should be examined. 
 
Response: We would like to point out that during our experiments, we found 
that when cells are growing at low density, overexpressed cGAS was mainly 
detected in the nucleus, whereas when cells reached at high density, 
overexpressed cGAS was predominantly localized in the cytoplasm, which was 
consistent with the results reported by experts of this field (Yang et al., PNAS, 
2017, E4612-E4620). 

We would like to point out that some literatures described some fraction of 
cGAS was associated with light vesicles or organelles (Sun et al., Science, 
2013, 786-791; Barnett et al., Cell, 2019, 1432-1446). However, direct evidence 
of the localization of cGAS to late endosomes remains obscure. Meanwhile, in 
our fraction experiments (Response fig. 8), we also found that both cGAS and 
Rab7 were present in the P150 fraction, which indicates an association of cGAS 
and Rab7. Together with the cell staining results in Figure S3A in manuscript, 
we speculate an association between cGAS and Rab7, but more direct 
evidence is needed. Based on these points, we are much interested to collect 
more detailed data about the cellular localization of cGAS with late endosomes. 
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Response fig. 8 THP-1 cells were homogenized in hypotonic buffer and 
subjected to differential centrifugation. Pellets at different speeds of 
centrifugation (e.g., P150: pellets after 150,000g) and S150 were 
immunoblotted with the indicated antibodies. 

 
Figure 5: 
* Figure 5B: ZHHC18 (CS) should be examined. 
* Figure 5C: Does KD of ZHHC18 affect the amount of cGAMP? 
 
Response: We have measured the amount of cGAMP in ZDHHC18 KD L929 
cells with the infection of HSV-1 to activate cGAS and found that KD of 
ZDHHC18 promoted the production of cGAMP, which further confirmed the 
negative effect of ZDHHC18 in regulating cGAS activity (Response fig. 9). 
Moreover, we plan to examine the phenotype of ZDHHC18(CS) when 
overexpressed in HEK293T cells.  

 
Response fig. 9 L929 cells stably transfected with control shRNA or 
ZDHHC18 shRNA were infected with HSV-1 (MOI=5) for the indicated 
times, and the amount of cGAMP in the lysates was quantified by LC-
MS/MS. LC-MS/MS: liquid chromatography-tandem mass spectrometry. 

 
Technical critiques: 
(1) In Figure 1, having the schematic for acyl-RAC assay would be helpful for 
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general readers. 
 
Response:  We have drawn a schematic for acyl-RAC. 
 
(2) All of the WB lack the molecular weight indicators. Some WB lack the 
appropriate legends (blotted with what antibody? such as Fig. 1G). 
 
Response:  We have modified the related content. 
 
 



2nd Sep 20211st Revision - Editorial Decision

Dear Hubert, 

Thank you for sending me your response to the referees' comments. I have now had a chance to take a look at it. 

I appreciate the comments and your response. However, we would need further insight into 

- How ZDHHC18 is activated and the cGas/ZDHHC28 interaction is promoted in the presence of DNA. Your proposed kinetics
studies go towards to addressing his point, but this is not enough. We need some insight into how cGAS palmitoylation is
regulated and it looks like this comes down to ZDHHC18, but how and why is not clear 

- We need strong support for that this regulation is physiological relevant (ref #1 - point 3). This is key for consideration of the
paper here. 

In the absence of such data, I can't offer to consider a revised version. If you have further data along those lines then I can offer
to look at another version. Please note that a re-submission will be considered a new submission and that novelty will be taken
into consideration at time of submission. 

With best wishes 

Karin 

Karin Dumstrei, PhD 
Senior Editor 
The EMBO Journal 

** As a service to authors, EMBO Press provides authors with the possibility to transfer a manuscript that one journal cannot
offer to publish to another EMBO publication or the open access journal Life Science Alliance launched in partnership between
EMBO Press, Rockefeller University Press and Cold Spring Harbor Laboratory Press. The full manuscript and if applicable,
reviewers' reports, are automatically sent to the receiving journal to allow for fast handling and a prompt decision on your
manuscript. For more details of this service, and to transfer your manuscript please click on Link Not Available. ** 

Please do not share this URL as it will give anyone who clicks it access to your account. 



Referee #1: 

This reviewer fully recognized the significance of our data. “In this work Shi et 

al report that cGAS is palmitoylated by ZDHHC18 to exert negative regulation 

of its activity by impairing DNA binding. The data presented are generally 

strong, and appear convincing.” We appreciate this reviewer’s comment. 

He or she raised a number of concerns that can be fully addressed. 

1. One essential unresolved question is whether palmitoylation and ZDHHC18

are part of the constitutive suppression of cGAS activity or an

activation-induced negative feed-back. This is important to resolve. This

should include (but not be limited to) detailed kinetics of DNA-induced IFNb

expression in wt versus KO cells. 2. If it turns out to be a negative feed-back

loop, some initial characterization of what induces ZDHHC18 activation / cGAS

palmitoylation should be performed. For instance, is cGAS palmitoylation

dependent on STING or TBK1?

Response:

We thank this reviewer’s comment.

* We believe that the suppression of cGAS activity by palmitoylation and

ZDHHC18 occurs in a DNA-induced manner. There are three pieces of key

evidence. First, by using click chemistry to detect endogenous cGAS

palmitoylation in mouse macrophages, we found that cGAS is not

palmitoylated in the resting state, while palmitoylation of cGAS appears when

cGAS is activated by DNA (Response fig. 1A; or Fig 1C in the MS). Second,

since ZDHHC18 is the major palmitoyl-transferase of cGAS, the association

between cGAS and ZDHHC18 is increased in the presence of DNA, agreeing

with the DNA-induced palmitoylation of cGAS (Response fig. 1B and 1C; or Fig

2K and L in the MS); data from the MD analysis also showed that the presence

of DNA promoted the formation of the cGAS-ZDHHC18 complex (Response fig.

1D and 1E; or Fig 2M and N in the MS). Third, by performing a kinetics study of

DNA-induced IFNb expression in wt and Zdhhc18 KO MEFs, we found that

IFNb and Cxcl10 expression in Zdhhc18 deficient MEFs was higher than that

in WT MEFs as soon as cGAS was activated by VACV infection (2-6 h)

(Response fig. 1, F and G; or Fig 6H and I in the MS). Moreover, the results

were consistent when we detected the phosphorylation level of TBK1 in

Zdhhc18-deficient MEFs versus WT MEFs (Response fig. 1H; or Fig 6G in the

MS).

Based on these results, we concluded why and how cGAS was regulated by

ZDHHC18-mediated palmitoylation: in the resting state, cGAS is not

palmitoylated, which primes cGAS for rapid activation to initiate immune

responses; as soon as cGAS recognizes and binds DNA, ZDHHC18 closely

interacts with cGAS and promotes its palmitoylation, impairing its DNA binding

and dimerization of cGAS, functioning as a negative regulator of cGAS

15th Dec 20212nd Authors' Response to Reviewers



signaling and prevention of its overactivation. 

* Furthermore, based on our data, we believe that the cGAS palmitoylation is 

not dependent on STING or TBK1. When we carried out an acyl-RAC assay to 

detect cGAS palmitoylation in HEK293T cells that lacked endogenous 

expression of STING, cGAS was palmitoylated without activation of TBK1, 

STING or downstream signaling pathways. Thus, cGAS palmitoylation occurs 

independent of STING and TBK1 (Response Fig. 1I; or Fig 1A in the MS). 

 

 

 

 

A 

B C 



 

 

Response fig. 1 (A) Click chemistry was applied to detect endogenous 

cGAS palmitoylation in RAW264.7 cells. PA: palmitic acid; 17-ODYA: 

17-octadecanoic acid. (B-C) Immunofluorescence analysis of 

HA-cGAS (green) and Flag-ZDHHC18 (red) in HT-DNA-stimulated (or 

not) HeLa cells (B) and the colocalization (merged volume of total 

cGAS signal) of cGAS and ZDHHC18 (C). (D-E) Comparison of the 

binding free energy (D) and binding energy decomposition of a 

per-residue to the binding affinity between ZDHHC18 and cGAS (E) in 

different complexes. (F-G) MEFs (Zdhhc18+/+ or Zdhhc18-/-) were 

infected with VACV (1:200) for the indicated times before RT-qPCR 

analysis of Cxcl10 (F) and Ifnb1 (G) expression. (H) MEFs (Zdhhc18+/+ 

or Zdhhc18-/-) were infected with VACV (1:200) for the indicated times 

before immunoblot analysis. (I) Acyl-RAC assay of HEK293T cells 

transfected with the indicated plasmids for 24 h. EtOH: ethanol; HAM: 

hydroxylamine; 2-BP: 2-bromopalmitate. Scale bars: 7 μm; *, P˂0.01; 

**, P˂0.005; ***, P˂0.001; ****, P˂0.0001. 

 

3. The infection phenotype presented in Fig. 6A is rather weak. Different doses 

of virus should be tested, or other infection/disease models should be tested. 

In the absence of a clear phenotype in mice or a primary human cell system, 

this reviewer is not convinced about the physiological relevance. 4. In line with 

the modest phenotype, the data in Fig 6G does not show a strong effect on 

pSTING in KO cells. 

Response: 

We thank the reviewer’s suggestion. 

* We infected Zdhhc18 KO mice with the DNA virus VACV, which is generally 

used to activate cGAS in mouse models. As shown in Response Fig. 2A (or Fig 

6A in the MS), Zdhhc18 depletion dramatically increased the survival rate of 



VACV infection (p<0.001). Moreover, we found that the expression of both 

cGAS and ZDHHC18 was higher in human peripheral blood mononuclear cells 

(PBMCs) of RA patients than in controls, which indicated a relationship 

between cGAS and ZDHHC18 in the human primary cell system (Response fig. 

2B and C; or Appendix, Fig S6, G and H in the MS). Therefore, we used siRNA 

to knockdown ZDHHC18 in PBMCs and found that the expression of IFNB1 

became strongly higher after infection with VACV (Response fig. 2D; or Fig 6J 

in the MS). These results indicated that ZDHHC18 also regulated DNA induced 

cGAS activation in the human primary cell system. 

* In addition, the phenotype of the VACV-induced kinetics of Ifnb and Cxcl10 

expression in Zdhhc18 KO MEFs was also clear. The expression of Ifnb and 

Cxcl10 was dramatically higher in Zdhhc18 KO MEFs at the early phase of 

VACV infection (2-6 h), whereas the difference was not significant at the later 

phase of VACV infection (8-10 h) (Response fig. 1, F and G; or Fig 6H and I in 

the MS). Consistently, the VACV-induced phosphorylation level of TBK1 was 

also substaintially higher in Zdhhc18 KO MEFs after VACV infection (2-4 h) 

(Response fig. 1H; or Fig 6G in the MS). 

 

Response fig. 2 (A) Survival analysis of Zdhhc18+/+ and Zdhhc18-/- 

mice (n = 8 each, 6-8 weeks old) intranasally injected with VACV (5 × 

107 PFU per mouse) and monitored daily for survival for 13 days using 

Kaplan–Meier curves and a log-rank (Mantel-Cox) test. PFU: 

plaque-forming units. (B-C) PBMCs from two healthy people and three 

RA patients were analyzed by RT-qPCR for the expression of cGAS (B) 

and ZDHHC18 (C). (D) PBMCs from healthy people were transfected 

with scrambled siRNA or ZDHHC18 siRNA (cocktail) for 48 h and then 

infected with VACV (1:200) for the indicated times before RT-qPCR 

analysis of IFNB1 expression. *, P˂0.01; ***, P˂0.001; ****, P˂0.0001. 



 

5. One important question is whether ZDHHC18 is specific for cGAS. It should 

be tested in detail whether ZDHHC18 KO cells exhibit different response to 

other PRR agonists (RIG-I and TLR pathways). 

Response: 

We thank for the reviewer’s suggestion. We truly agree that it is important 

to know whether ZDHHC18 is specific for cGAS. To test the downstream 

signal responses of ZDHHC18 to other PRR agonists, Zdhhc18 KO MEFs 

were treated with SeV, R848 and LPS, which can effectively activate RIG-I, 

TLR7/8 and TLR4, respectively. There were no significant differences 

between the IFNB1 expression induced by SeV and TNFA induced by 

R848 and LPS, indicating that ZDHHC18 did not affect the RIG-I, TLR4 or 

TLR7/8 pathways (Response fig. 3, A and B; or Appendix, Fig S5, D and E 

in the MS). 

 

Response fig. 3 (A) MEFs (Zdhhc18+/+ or Zdhhc18-/-) were infected 

with SeV (1:500) (A) or R848 (100 ng/ml) and LPS (100 ng/ml) (B). 

After six hours, the expression of interferon beta and TNF alpha was 

analyzed by RT-qPCR. Ns: no significance. 

 



Referee #2: 

 

This reviewer commented favorably on our manuscript. “The authors 

demonstrated that cGAS undergoes palmitoylation, which restricts its activity. 

They identified the responsible palmitoyltransferase ZDHHC18, and further 

demonstrated the significance of this post-translational modification in KO 

mice. The work presented here is potentially interesting.” We truly appreciate 

this reviewer’s comment. 

 

He or she raised a number of specific points that we can fully address with our 

new data. 

 

Major critiques: 

Figure 1: 

* In addition to C474S, the degree of palmitoylation appeared to be drastically 

reduced in C405S and C409S. The corresponding texts in "Results" is 

misleading and should be amended. 

* The amount of cGAMP should be examined with/without palmitic acid. 

Response: 

We thank the suggestion by the reviewer.  

* We revised the corresponding statement in "Results" about the palmitoylation 

sites of cGAS. We found that compared to wild-type (WT) cGAS, the C405S, 

C409S and C474S mutants had drastically reduced palmitoylation signals 

(Response fig. 4A; or Fig 1G in the MS). Since sites C405 and C409 localized 

toward the inner side of the protein, these two sites were hardly to be 

palmitoylated structurally (Response fig. 4, B to D; or Appendix, Fig S1, B to D 

in the MS). The reduced palmitoylation signal of C405S and C409S could be 

caused by a conformational change, further confirming that the palmitoylated 

residue of cGAS is C474, which is easily structurally modified (Response fig. 4, 

B to D; or Appendix, Fig S1, B to D in the MS). 

* We examined the amount of cGAMP with/without the addition of palmitic acid 

in THP-1 cells. The results showed that palmitic acid, which promoted 

palmitoylation of cGAS, reduced the production of cGAMP in the presence of 

double-stranded DNA (Response fig. 4E; or Fig 1I in the MS), which is 

consistent with our conclusion that palmitoylation impaired the enzymatic 

activity of cGAS. 



 

 
Response fig. 4 (A) Acyl-RAC assay of HEK293T cells transfected with 

the indicated plasmids for 24 h. HAM: hydroxylamine. (B-D) The 

positions of C405 (B), C409 (C) and C474 (D) in the human 

cGAS-DNA complex. The blue sphere indicates cysteines and the 

yellow helix indicates DNA. (E) THP-1 cells were treated with DMSO or 

palmitic acid (100 μM) for 12 h. Six hours after transfection with 

HT-DNA (2 μg/mL), cGAMP was extracted and quantified by cGAMP 

ELISA. **, P˂0.005. 

 

Figure 2: 

* The image of ZDHHC18 in Figure 2K and Figure S2D appeared very different, 

even in the same cells (HeLa cells) used. Figure 2K showed the punctate 

localization (what kind of organelles?), in contrast, Figure S2D showed the 

typical Golgi localization. Given this discrepancy, it is impossible to interpret 

the results shown in Figure 2K (a partial co-localization between cGAS puncta 

and ZDHHC18 after DNA transfection). In Figure S2F, ZDHHC18 appeared to 

show the typical ER localization. 



Response: 

We thank the reviewer to point this out. It is worth noting that the state of cGAS 

overexpression is different between Figure 2K (Response fig. 1B; or Fig 2K in 

the MS) and Figure S2D (Response fig. 5; or Appendix, Fig S2D in the MS): in 

Figure 2K, we overexpressed Flag-ZDHHC18 together with HA-cGAS and 

found that ZDHHC18 showed punctate localization (Response fig. 1B; or Fig 

2K in the MS), whereas in Figure S2D, we overexpressed Flag-ZDHHC18 

without overexpressing cGAS and found that ZDHHC18 showed typical Golgi 

localization (Response fig. 5; or Appendix, Fig S2D in the MS). 

 

Response fig. 5 Immunofluorescence analysis of Flag-ZDHHC18 (FL 

or truncated mutants) or Myc-ZDHHC18 and GM130 or calnexin in 

HeLa cells. FL: full length. Scale bars: 7 μm. 

 

Moreover, we also detected the localization of ZDHHC18 in cGAS KO HeLa 

cells (Response fig. 6; we did not show it in the MS). We found that after cGAS 

was deleted, ZDHHC18 showed spot-like localization which was different from 

that in Response Fig. 6. One possible reason for these results is that different 

concentrations and aggregation states of cGAS in the cytoplasm (depletion, 

endogenous expression and overexpression) may alter the localization pattern 

of ZDHHC18. 



 

Response fig. 6 Immunofluorescence analysis of mCherry (A), 

ZDHHC18-mCherry and ZDHHC18(CS)-mCherry in cGAS-/- HeLa 

cells. ZDHHC18(CS): a catalytic mutant with a cysteine-to-serine 

substitution in the DHHC motif of ZDHHC18. 

 

Figure 3: 

* Figure 3A: It is very confusing that they used GFP-cGAS in this particular 

experiment. Why was HA-cGAS not found in the nucleus in Figure 2K? If the 

tagging anything to cGAS interferes its localization, the authors should 

examine the localization of endogenous cGAS throughout the experiments (as 

they stained in Figure S2F). In Figure S3A, the stain of Rab7 is not convincing. 

The authors should carefully pay attention to the previous literatures that never 

describe the cGAS localization to late endosomes. Again, the endogenous 

cGAS localization should be examined. 

Response: 

We thank the reviewer’s detailed comment. We would like to point out that 

during our experiments, we found that when cells were growing at low density, 

overexpressed cGAS was mainly detected in the nucleus, whereas when cells 

reached at high density, overexpressed cGAS was predominantly localized in 

the cytoplasm, which was consistent with the results reported by experts in this 

field (Yang et al., PNAS, 2017, E4612-E4620). 

After careful consideration, we removed the related content about the 

localization of cGAS and Rab7. 

 

Figure 5: 

* Figure 5B: ZHHC18 (CS) should be examined. 

* Figure 5C: Does KD of ZHHC18 affect the amount of cGAMP? 

Response: 

We thank the suggestion by the reviewer.  

* We examined the phosphorylation level of TBK1 induced by overexpression 

of cGAS and STING in HEK293T cells. Overexpression of WT ZDHHC18 with 

cGAS and STING reduced the phosphorylation level of TBK1, whereas the 

enzymatically dead mutant ZDHHC18 (CS) rescued the phenotype of WT 

ZDHHC18 (Response fig. 7A; or Fig 5B in the MS). 

* We measured the amount of cGAMP in ZDHHC18 KD L929 cells infected 

with HSV-1 to activate cGAS and found that KD of ZDHHC18 promoted the 



production of cGAMP, which further confirmed the negative effect of ZDHHC18 

in regulating cGAS activity (Response fig. 7B; or Appendix, Fig S5C in the 

MS). 

 

Response fig. 7 (A) HEK293T cells (1×106) were transfected with 

HA-cGAS (500 ng), Flag-STING (500 ng) and Myc-ZDHHC18 (500 ng) 

expression plasmids for 24 h. TBK1 phosphorylation was detected by 

immunoblotting. (B) L929 cells stably transfected with control shRNA 

or ZDHHC18 shRNA were infected with HSV-1 (MOI=5) for the 

indicated times, and the amount of cGAMP in the lysates was 

quantified by LC-MS/MS. LC-MS/MS: liquid chromatography-tandem 

mass spectrometry. 

 

Technical critiques: 

(1) In Figure 1, having the schematic for acyl-RAC assay would be helpful for 

general readers. 

Response: 

We thank the suggestion by the reviewer. We have drawn a schematic for 

acyl-RAC (Appendix, Fig S1A in the MS). 

  

Acyl resine-assisted capture (acyl-RAC) assay

1, NEM blocks free cysteines 2, HAM cleaves palmitates

3, Resin captures palmitoylated cysteines 4, WB represents palmitoylation level
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(2) All of the WB lack the molecular weight indicators. Some WB lack the 

appropriate legends (blotted with what antibody? such as Fig. 1G). 

Response: 

We thank the suggestion by the reviewer. We have modified the related 

content including the molecular weight indicators and legends of the WB. 

 



3rd Feb 20222nd Revision - Editorial Decision

Dear Hubert, 

Thank you for submitting your revised manuscript to The EMBO Journal. This submission is a re-submission of MS 109272 that
was rejected post review last year. 

Given that you were able to address many of the key concerns raised, I was open to consider re-submission. 

Your revision has now been re-reviewed by the two original referees. As you can see below, the referees appreciate the
introduced changes and are supportive of publication here. The referees raise a few points that should be addressed for
consideration here. 

I) I agree with referee #1 that all data provided in the point-by-point response should be added to the manuscript. I also find your
description regarding the new data and if it has been added to the manuscript a bit confusing in the point-by-point response. 

2) Please check if cGAMP is needed for cGAS palmitoylation (referee #1). 

3) Referee #2 still has some concerns about the ZDHHC18 localization and suggest making stable cell lines to better address
this issue. 

So almost there! 

With best wishes 

Karin 

Karin Dumstrei, PhD 
Senior Editor 
The EMBO Journal 

Instructions for preparing your revised manuscript: 

I have attached a PDF with helpful tips on how to prepare the revised version 

Further information is available in our Guide For Authors: https://www.embopress.org/page/journal/14602075/authorguide 

Use the link below to submit your revision: 

https://emboj.msubmit.net/cgi-bin/main.plex 

------------------------------------------------ 

Referee #1: 

The authors have addressed most of the points I raised in the first round of review, and I generally find the work improved -
regarding both mechanism and physiological relevance. However, some of the new data described in the point-by-point
response are not included in the revised manuscript, which they should be and which also and makes it is difficult to evaluate
the revised work. 
In particular, the authors describe data on cGAS palmitoylation, being independent of STING and TBK1. This is very interesting
and central for the mechanistic part of the work. Therefore, these data should therefore be shown in the paper. In addition,
these data raise another important question, namely whether cGAMP (the enzymatic product of cGAS). This can easily be
addressed by treatment with cGAMP or transfection with WT versus enzymatically dead cGAS. Such data would add significant
impact and novelty to the work. 

Referee #2: 

The authors mostly addressed to my original concerns, except the one regarding the subcellualr localization part. This reviewer
is still not convinced with the data presented in Figure 2K and Figure S2D. 

In Figure S2D: the subcellular localizations of ZDHHC18 (FL) are significantly different. One in the top row suggest the Golgi
localization, the one in the bottom row showed the punctate localization (dose not look like the Golgi). If the localization is prone



to be affected by the expression level of ZDHHC18, the stable cell lines should be establihsed and examined with/without HT-
DNA. One cellular image should contain multiple cells. 



Referee #1: 

We appreciate this reviewer’s comment. “In this work Shi et al report that 

cGAS is palmitoylated by ZDHHC18 to exert negative regulation of its activity 

by impairing DNA binding. The data presented are generally strong, and 

appear convincing.”  

He or she raised a number of concerns that can be fully addressed. 

1. The authors have addressed most of the points I raised in the first round of

review, and I generally find the work improved - regarding both mechanism

and physiological relevance. However, some of the new data described in the

point-by-point response are not included in the revised manuscript, which they

should be and which also and makes it is difficult to evaluate the revised work.

In particular, the authors describe data on cGAS palmitoylation, being

independent of STING and TBK1. This is very interesting and central for the

mechanistic part of the work. Therefore, these data should therefore be shown

in the paper. In addition, these data raise another important question, namely

whether cGAMP (the enzymatic product of cGAS). This can easily be

addressed by treatment with cGAMP or transfection with WT versus

enzymatically dead cGAS. Such data would add significant impact and novelty

to the work.

Response:

We thank this reviewer’s comment.

We have added all data provided in the point-by-point response into the

manuscript.

Based on our data, we believe that the cGAS palmitoylation is not dependent

on STING or TBK1. To further confirm this, we carried out additional works by

overexpressing STING in the acyl-RAC assay. We found that overexpression

of STING did not affect cGAS palmitoylation level. Then we focused on

cGAMP by adding cGAMP into cells or using the C396S mutant, which failed

to produce cGAMP, in acyl-RAC assays. The cGAS palmitoylation level

showed little difference in these conditions, indicating that cGAS palmitoylation

is not dependent on cGAMP or STING (Response Fig. 1; or Appendix, Fig S1,

B and C in the MS).

28th Feb 20223rd Authors' Response to Reviewers



 

 

Response fig. 1 Acyl-RAC assay of HEK293T cells transfected with 

Flag-cGAS and the indicated plasmids for 24 h or treated with cGAMP 

(1 μg/ml) for 1 h. 

 



Referee #2: 

 

This reviewer commented favorably on our manuscript. “The authors 

demonstrated that cGAS undergoes palmitoylation, which restricts its activity. 

They identified the responsible palmitoyltransferase ZDHHC18, and further 

demonstrated the significance of this post-translational modification in KO 

mice. The work presented here is potentially interesting.” 

 

He or she raised a number of specific points that we can fully address with our 

new data. 

 

The authors mostly addressed to my original concerns, except the one 

regarding the subcellular localization part. This reviewer is still not convinced 

with the data presented in Figure 2K and Figure S2D. 

 

In Figure S2D: the subcellular localizations of ZDHHC18 (FL) are significantly 

different. One in the top row suggest the Golgi localization, the one in the 

bottom row showed the punctate localization (dose not look like the Golgi). If 

the localization is prone to be affected by the expression level of ZDHHC18, 

the stable cell lines should be established and examined with/without HT-DNA. 

One cellular image should contain multiple cells. 

Response: 

We agreed to dissect the subcellular localization of ZDHHC18. To do so, we 

firstly performed cell staining assay of endogenous ZDHHC18 in HeLa cells. 

Endogenous ZDHHC18 showed a dispersed pattern in HeLa cells with or 

without DNA stimulation (Response fig. 2), which seemed like ER or Golgi. 

However, limited by the conflict between antibody species, we could not 

confirm the colocalization of endogenous ZDHHC18 with ER or Golgi. 

 



Response fig. 2 cell staining of endogenous ZDHHC18 in 

HT-DNA-stimulated (or not) HeLa cells. Scale bars: 10 μm. 

 

Then we detected the subcellular localization of transiently overexpressed 

Flag-tagged ZDHHC18 in HeLa cells. We found that transiently overexpressed 

Flag-tagged ZDHHC18 showed both dispersed and punctate pattern in 

different cells (Response fig. 3). Consistently, it is worthy to point out that the 

images in top row of Figure S2D (here referred Response fig. 4) showed that 

most fraction of ZDHHC18, which is transiently overexpressed, localized at 

Golgi, whereas some fraction of ZDHHC18 showed a dispersed pattern 

(Response fig. 4, top row). 

 
Response fig. 3 cell staining of transiently overexpressed 

Flag-ZDHHC18 (1 μg) in HeLa cells. Scale bars: 10 μm. 

 

 
Response fig. 4 (Figure S2E in manuscript) cell staining of transiently 

overexpressed ZDHHC18 (1 μg) in HeLa cells. Scale bars: 7 μm. 

 

Moreover, we established a HeLa cell line stably expressing Flag-tagged 

ZDHHC18 as the reviewer requested. We found that stably overexpressed 

Flag-ZDHHC18 showed significantly punctate pattern and colocalized with ER 



(indicated by Calnexin) with or without DNA (Response fig. 5). In this 

Flag-ZDHHC18-stably-overexpressing HeLa cells, we did not detect the 

colocalization of ZDHHC18 with Golgi apparatus (indicated by GM130) with or 

without DNA stimulation (Response fig. 5). 

 

 

Response fig. 5 (Figure S2G in manuscript) cell staining of stably 

overexpressed Flag-ZDHHC18 in HeLa cells with HT-DNA-stimulation 

(or not). Scale bars: 10 μm. 

 

Therefore, the subcellular localization of ZDHHC18 was diverse. Endogenous 

ZDHHC18 showed a dispersed pattern. Transiently overexpressed ZDHHC18 

showed both punctate and dispersed pattern and colocalized with Golgi. 

Stably overexpressed ZDHHC18 showed punctate pattern which colocalized 

with ER but not Golgi. We modified the statements accordingly in our 

manuscript. 

 



15th Mar 20223rd Revision - Editorial Decision

Dear Hubert, 

Thank you for submitting the revised version. I have now had a chance to take a look at the revised version and I appreciate the
introduced revisions. I am therefore very pleased to accept the manuscript for publication here. Before sending you the formal
acceptance letter there are just a few formatting issues to resolve. 

- Please relabel COI to Disclosure Statement & Competing Interests 

- For the data availability section if your study does not include datasets, please insert the following statement: This study
includes no data deposited in external repositories. 

- The reference format also needs to be corrected 

- Please upload individual high resolution figure files 

- Callouts to Fig 6I callout and Appendix Table S3 is missing. 

- The nomenclature for the appendix figures need to be corrected to "Appendix Figure S#" "Appendix Table S#". 

- We include a synopsis of the paper (see http://emboj.embopress.org/). Please provide me with a general summary statement
and 3-5 bullet points that capture the key findings of the paper. 

- We also need a summary figure for the synopsis. The size should be 550 wide by [200-400] high (pixels). You can also use
something from the figures if that is easier. 

- Our publisher has also done their pre-publication check on your manuscript. When you log into the manuscript submission
system you will see the file "Data Edited Manuscript file". Please look at the word file and the comments regarding the figure
legends and respond to the issues. 

- We generally discourage displaying statistic when N=2 (Figure 1). 

That should be all - let me know if there is anything further to discuss 

Best 

Karin 

Karin Dumstrei, PhD 
Senior Editor 
The EMBO Journal 

Instructions for preparing your revised manuscript: 

Guide For Authors: https://www.embopress.org/page/journal/14602075/authorguide 

We realize that it is difficult to revise to a specific deadline. In the interest of protecting the conceptual advance provided by the
work, we recommend a revision within 3 months (13th Jun 2022). Please discuss the revision progress ahead of this time with
the editor if you require more time to complete the revisions. Use the link below to submit your revision: 

https://emboj.msubmit.net/cgi-bin/main.plex 

------------------------------------------------ 



24th Mar 20224th Revision - Editorial Decision

Dear Hubert, 

Thank you for submitting your revised manuscript to The EMBO Journal. I have now had the opportunity to take a careful look at
everything and all looks good! 

I am therefore very pleased to accept the manuscript for publication here. 

Congratulations on a nice study 

With best wishes 

Karin 

Karin Dumstrei, PhD 
Senior Editor 
The EMBO Journal 

------------------------------------------------ 

Please note that it is EMBO Journal policy for the transcript of the editorial process (containing referee reports and your
response letter) to be published as an online supplement to each paper. If you do NOT want this, you will need to inform the
Editorial Office via email immediately. More information is available here:
https://www.embopress.org/page/journal/14602075/authorguide#transparentprocess 

Your manuscript will be processed for publication in the journal by EMBO Press. Manuscripts in the PDF and electronic editions
of The EMBO Journal will be copy edited, and you will be provided with page proofs prior to publication. Please note that
supplementary information is not included in the proofs. 

Please note that you will be contacted by Wiley Author Services to complete licensing and payment information. The required
'Page Charges Authorization Form' is available here: https://www.embopress.org/pb-assets/embo-site/tej_apc.pdf 

Should you be planning a Press Release on your article, please get in contact with embojournal@wiley.com as early as
possible, in order to coordinate publication and release dates. 

** Click here to be directed to your login page: https://emboj.msubmit.net 
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Not Applicable

Report the clinical trial registration number (at ClinicalTrials.gov or 
equivalent), where applicable. Not Applicable

Laboratory protocol Information included in the 
manuscript?

In which section is the information available?
(Reagents and Tools Table, Materials and Methods, Figures, Data Availability Section)

Provide DOI OR other citation details if external detailed step-by-step 
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