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Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender

Reporting on race, ethnicity, or
other socially relevant
groupings

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

Blinding

Behavioural & social sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description

Research sample

The raw transcriptome data generated for this study have been deposited in the Genome Sequence Archive under the accession number PRJCA028331 (https://
ngdc.cncb.ac.cn/bioproject/browse/PRJCA028331). Source data are provided with this paper.

N.A. The study did not involved human participants.

N.A.

N.A.

N.A.

N.A.

The sample sizes were determined based on the laboratory's previous experience and experimental design with similar research content. No
method is used to pre-determine how many samples are needed. Sample size for each experiment was indicated in figure legends and
methods.

No data exclusion in our study.

We provided them in M&M section and each figure legend.

Age and sex matched mice of indicated genotypes were randomly allocated to groups for comparison.

We provided them in M&M section and each figure legend.

Briefly describe the study type including whether data are quantitative, qualitative, or mixed-methods (e.g. qualitative cross-sectional, 
quantitative experimental, mixed-methods case study). 

State the research sample (e.g. Harvard university undergraduates, villagers in rural India) and provide relevant demographic 
information (e.g. age, sex) and indicate whether the sample is representative. Provide a rationale for the study sample chosen. For 
studies involving existing datasets, please describe the dataset and source.
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Sampling strategy

Data collection

Timing

Data exclusions

Non-participation

Randomization

Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description

Research sample

Sampling strategy

Data collection

Timing and spatial scale

Data exclusions

Reproducibility

Randomization

Blinding

Did the study involve field work? Yes No

Field work, collection and transport

Field conditions

Location

Access & import/export

Disturbance

Describe the sampling procedure (e.g. random, snowball, stratified, convenience). Describe the statistical methods that were used to 
predetermine sample size OR if no sample-size calculation was performed, describe how sample sizes were chosen and provide a 
rationale for why these sample sizes are sufficient. For qualitative data, please indicate whether data saturation was considered, and 
what criteria were used to decide that no further sampling was needed.

Provide details about the data collection procedure, including the instruments or devices used to record the data (e.g. pen and paper, 
computer, eye tracker, video or audio equipment) whether anyone was present besides the participant(s) and the researcher, and 
whether the researcher was blind to experimental condition and/or the study hypothesis during data collection.

Indicate the start and stop dates of data collection. If there is a gap between collection periods, state the dates for each sample 
cohort.

If no data were excluded from the analyses, state so OR if data were excluded, provide the exact number of exclusions and the 
rationale behind them, indicating whether exclusion criteria were pre-established.

State how many participants dropped out/declined participation and the reason(s) given OR provide response rate OR state that no 
participants dropped out/declined participation.

If participants were not allocated into experimental groups, state so OR describe how participants were allocated to groups, and if 
allocation was not random, describe how covariates were controlled.

Briefly describe the study. For quantitative data include treatment factors and interactions, design structure (e.g. factorial, nested, 
hierarchical), nature and number of experimental units and replicates.

Describe the research sample (e.g. a group of tagged Passer domesticus, all Stenocereus thurberi within Organ Pipe Cactus National 
Monument), and provide a rationale for the sample choice. When relevant, describe the organism taxa, source, sex, age range and 
any manipulations. State what population the sample is meant to represent when applicable. For studies involving existing datasets, 
describe the data and its source.

Note the sampling procedure. Describe the statistical methods that were used to predetermine sample size OR if no sample-size 
calculation was performed, describe how sample sizes were chosen and provide a rationale for why these sample sizes are sufficient.

Describe the data collection procedure, including who recorded the data and how.

Indicate the start and stop dates of data collection, noting the frequency and periodicity of sampling and providing a rationale for 
these choices. If there is a gap between collection periods, state the dates for each sample cohort. Specify the spatial scale from which 
the data are taken

If no data were excluded from the analyses, state so OR if data were excluded, describe the exclusions and the rationale behind them, 
indicating whether exclusion criteria were pre-established.

Describe the measures taken to verify the reproducibility of experimental findings. For each experiment, note whether any attempts to 
repeat the experiment failed OR state that all attempts to repeat the experiment were successful.

Describe how samples/organisms/participants were allocated into groups. If allocation was not random, describe how covariates were 
controlled. If this is not relevant to your study, explain why.

Describe the extent of blinding used during data acquisition and analysis. If blinding was not possible, describe why OR explain why 
blinding was not relevant to your study.

Describe the study conditions for field work, providing relevant parameters (e.g. temperature, rainfall).

State the location of the sampling or experiment, providing relevant parameters (e.g. latitude and longitude, elevation, water depth).

Describe the efforts you have made to access habitats and to collect and import/export your samples in a responsible manner and in 
compliance with local, national and international laws, noting any permits that were obtained (give the name of the issuing authority, 
the date of issue, and any identifying information).

Describe any disturbance caused by the study and how it was minimized.
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Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

Antibodies used for flow cytometry, including APC anti-mouse CD3e (145-2C11, 17-0031-83; 1:100), eFluor450 anti-mouse CD4
(RM4-5, 48-0042-82; 1:100), PerCP-Cy5.5 anti-mouse CD8a (53-6.7, 45-0081-82; 1:100), APC anti-mouse CD62L (MEL-14,
17-0621-83; 1:100), APC anti-mouse IFN-$ (XMG1.2, 16-7311-85; 1:100), FITC anti-mouse Foxp3 (FJK-16s, 11-5773-82; 1:100) and PE
anti-mouse CD25 (PC61.5, 12-0251-81; 1:100), PerCP-Cy5.5 anti-mouse Gr-1 (RB6-8C5, 45-5931-80; 1:100), PE anti-mouse F4/80
(BM8, 12-4801-82; 1:100), APC-eFlour 780 anti-mouse CD11b (M1/70, 47-0112-82; 1:100) were purchased from Invitrogen. FITC
anti-mouse CD44 (M7, 561859; 1:100), PE anti-mouse IL17A (TC11-18H10, 561020; 1:100), PE anti-mouse B220 (RA3-6B2, 553089;
1:100), APC anti-mouse TCR# (H57-597, 561080; 1:100), FITC anti-mouse CD69 (H1.2F3, 557392; 1:100) and PE anti-mouse CD45 (30-
F11, 561087; 1:100) were from BD Biosciences. APC-Cy7 anti-mouse CD45.1 (A20, 110715; 1:100), PE anti-mouse CD45.2 (QA18A15,
111103; 1:100) and FITC anti Brdu (3D4, 364103; 1:100) were from BioLegend.

Antibodies used for WB and IP, including antibody against NAT10 (13365-1-AP, 1:1000) was from Proteintech. Antibodies against I%B"

(C-21, SC-371; 1:500), p65 (C-20, SC-372; 1:500), ERK (K-23, SC-74; 1:500), phospho-ERK (E-4, SC-7383; 1:500), JNK (C-17, SC-827;
1:500), p38 (H-147, SC-7149; 1:500), p105/p50 (C-19, SC-1190; 1:500), AKT1 (B-1, SC-5298; 1:500), NFATc2 (7A6, SC-7294; 1:500),
NFATc1 (4G6-G5, SC7296; 1:500), IKK" (H-744, SC-7218; 1:500) Lamin B (C-20, SC-6216; 1:1000) were from Santa Cruz
Biotechnology. Antibodies against phospho-AKT (Ser473, D9E; 1:1000), phosphor-I%B" (Ser32, 9241; 1:1000), phospho-JNK (Thr183/
Tyr185, 9251; 1:1000), phospho-p38 (Thr180/Tyr182, 9211; 1:1000), phospho-p105 (Ser933, 18E6; 1:1000), phospho-ZAP70 (Tyr319,
2701; 1:1000), and phospho-IKK"/# (Ser176/180, 16A6; 1:1000) were purchased from Cell Signaling Technology Inc. Anti-Actin (C-4,
MAB1501; 1:10000), anti-HA (12AC5, 11583816001; 1µg per IP), anti-FLAG (M2, F3165; 0.25 µg per IP), anti-HA HRP (3F10,
12013819001; 1:2000), and anti-FLAG HRP(M2, A8592; 1:10000) were from Millipore Sigma.

The validation of antibodies was supplied by manufacturer websites.

APC anti-mouse CD3e

https://www.thermofisher.com/antibody/product/CD3e-Antibody-clone-145-2C11-Monoclonal/17-0031-82

eFluor450 anti-mouse CD4

https://www.thermofisher.com/antibody/product/CD4-Antibody-clone-RM4-5-Monoclonal/48-0042-82

PerCP-Cy5.5 anti-mouse CD8a

https://www.thermofisher.com/antibody/product/CD8a-Antibody-clone-53-6-7-Monoclonal/45-0081-82

APC anti-mouse CD62L

https://www.thermofisher.com/antibody/product/CD62L-L-Selectin-Antibody-clone-MEL-14-Monoclonal/17-0621-82

APC anti-mouse IFN-$

https://www.thermofisher.com/antibody/product/IFN-gamma-Antibody-clone-XMG1-2-Monoclonal/17-7311-82

FITC anti-mouse Foxp3

https://www.thermofisher.com/antibody/product/FOXP3-Antibody-clone-FJK-16s-Monoclonal/11-5773-82

PE anti-mouse CD25

https://www.thermofisher.com/antibody/product/CD25-Antibody-clone-PC61-5-Monoclonal/12-0251-82

PerCP-Cy5.5 anti-mouse Gr-1

https://www.thermofisher.com/antibody/product/Ly-6G-Ly-6C-Antibody-clone-RB6-8C5-Monoclonal/45-5931-80

PE anti-mouse F4/80

https://www.thermofisher.com/antibody/product/F4-80-Antibody-clone-BM8-Monoclonal/12-4801-82

APC-eFlour 780 anti-mouse CD11b

https://www.thermofisher.com/antibody/product/CD11b-Antibody-clone-M1-70-Monoclonal/47-0112-82

FITC anti-mouse CD44

https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/
fitc-rat-anti-mouse-cd44.561859

PE anti-mouse IL17A

https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/
pe-rat-anti-mouse-il-17a.559502
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PE anti-mouse B220

https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/
pe-rat-anti-mouse-cd45r-b220.553090

APC anti-mouse TCR#

https://www.bdbiosciences.com/en-ca/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/
apc-hamster-anti-mouse-tcr-chain.561080

FITC anti-mouse CD69

https://www.bdbiosciences.com/en-us/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/
fitc-hamster-anti-mouse-cd69.557392

PE anti-mouse CD45

https://www.bdbiosciences.com/en-ca/products/reagents/flow-cytometry-reagents/research-reagents/single-color-antibodies-ruo/
pe-rat-anti-mouse-cd45.561087

APC-Cy7 anti-mouse CD45.1

https://www.biolegend.com/nl-be/products/apc-cyanine7-anti-mouse-cd45-1-antibody-2320

PE anti-mouse CD45.2

https://www.biolegend.com/ja-jp/products/pe-anti-mouse-cd45-2-recombinant-antibody-20828

FITC anti Brdu

https://www.biolegend.com/ja-jp/products/fitc-anti-brdu-antibody-10623

anti-NAT10

https://www.ptglab.com/products/NAT10-Antibody-13365-1-AP.htm

anti- I%B"

https://www.scbt.com/p/ikappab-alpha-antibody-c-21?srsltid=AfmBOorXXpe4J1innt56wwzEibvVsT3327whllZnywUO8emh10-GmuVJ

anti-p65

https://www.scbt.com/p/nfkappab-p65-antibody-c-20?srsltid=AfmBOoolbyDI6iixImuweLgFfT6i3z8jkNTW7kizly_7it04A5R2LVDj

anti-ERK

https://www.scbt.com/p/erk-1-antibody-k-23?srsltid=AfmBOooaMwQp1u67ALG1OAXO_if7ziXMr204Q6Kv3PZ0fTCk7p_hQ7ee

anti-phosho-ERK

https://www.scbt.com/p/p-erk-antibody-e-4?srsltid=AfmBOoqh-Xn6MXZcxCCnDXspHHM3XcqMc0tCqlyr5psn8jAj4FM3MVLD

anti-JNK

https://www.scbt.com/p/jnk1-3-antibody-c-17?srsltid=AfmBOorQZ-nq2QnbFQkgy_gtBDHIFeW2m5NGS1XQsl9CHcIbVw5PvMi_

anti-p38

https://www.scbt.com/p/p38alpha-beta-antibody-h-147?srsltid=AfmBOoq2ySE5M9tMBO_HmpjQ9JSUyhoUbhxVI3eUiNbPX-
GzQlVtiErT

anti-p105/p50

https://www.scbt.com/p/nfkappab-p50-antibody-c-19?srsltid=AfmBOoquD7ETLR8rfDSAZyxOkEYR0tg8NRG7nR_Qio-BtLd5AK0RxTjs

anti-AKT1

https://www.scbt.com/p/akt1-antibody-b-1?srsltid=AfmBOoqEUpj_1AhqCGt_rZEx2HhauZkxV3oMtL8CcjEsD9ir7l9YZ3ef

anti-NFATc1

https://www.scbt.com/p/nfatc1-antibody-7a6?srsltid=AfmBOoosImLwU_jSvBNYaCqouliNwRfgZ2iK5qf4BkQZ0VJGdj6F8f8-

anti-NFATc2

https://www.scbt.com/p/nfatc2-antibody-4g6-g5?srsltid=AfmBOoryybqhogEms2LYg7emIu0UJr8Meal2JPAXEVOASGCp7glO6dk1

anti-IKK"

https://www.scbt.com/p/ikkalpha-antibody-h-744?srsltid=AfmBOoqU0XCxT3oONwZguRdgvLkOhqoi9BS_dFQWoBHsM0AJcS4XFWek

anti-LaminB

https://www.scbt.com/p/lamin-b-antibody-c-20?srsltid=AfmBOopCCWe69LItJPWRRdCUL56zEHsKNAmvH6CMye8dNM8TLO3Ynpv7

anti-phospho-AKT

https://www.cellsignal.com/products/primary-antibodies/phospho-akt-ser473-d9e-xp-rabbit-mab/4060?
srsltid=AfmBOopO0_ZeKFa9wWZsR64NZH8-1u520lNlv9DMypZXhRKAId3_V-HC

anti-phosphor-I%B"

https://www.cellsignal.com/products/primary-antibodies/phospho-ikappab-alpha-ser32-antibody/9241?
srsltid=AfmBOooDt9yohnlp9NPl9KydsU6pWiPFF0WXRvlPtM7H_4noPlPsg66J

anti-phospho-JNK

https://www.cellsignal.com/products/primary-antibodies/phospho-sapk-jnk-thr183-tyr185-antibody/9251?
srsltid=AfmBOopr5LmxlmvUDnzMI4tylW1TgixSrmPtK76CQh9nawo6o5oAJeH4

anti-phospho-p38

https://www.cellsignal.com/products/primary-antibodies/phospho-p38-mapk-thr180-tyr182-antibody/9211?
srsltid=AfmBOorvhoNGojOqZZqJ72IxPFOBtntsRFJHu9C7lhCklCL5tpKto9t9

anti-phospho-p105

https://www.cellsignal.com/products/primary-antibodies/phospho-nf-kappab-p105-ser933-antibody/4884?
srsltid=AfmBOorlar06HRF503tPSvXHLRMxLPBluCMH_PL8EZYKgBrw61XTYoyx

anti-phospho-ZAP70

https://www.cellsignal.com/products/primary-antibodies/phospho-zap-70-tyr319-syk-tyr352-antibody/2701?
srsltid=AfmBOooWvHfuXRdjag3rhIAhF_EQUTceXDDQuqt_FPk7yG3c7uFsiXEd

anti-phospho-IKK"/#

https://www.cellsignal.com/products/primary-antibodies/phospho-ikka-b-ser176-180-16a6-rabbit-mab/2697?
srsltid=AfmBOopqgjE-7A5SNq31KMzEVGHzDgREF3WobmBw4Vh_KIakzx13YfJO

anti-Actin

https://www.emdmillipore.com/us/en/product/anti-actin-antibody-clone-c4,mm_nf-mab1501

anti-HA

https://www.sigmaaldrich.com/US/en/product/roche/roaha



6

n
atu

re
p

o
rtfo

lio
|

rep
o

rtin
g

su
m

m
ary

A
pril2023

Eukaryotic cell lines
Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

Authentication

Mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

Palaeontology and Archaeology

Specimen provenance

Specimen deposition

Dating methods

Tick this box to confirm that the raw and calibrated dates are available in the paper or in Supplementary Information.

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Animals and other research organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals

Wild animals

Reporting on sex

Field-collected samples

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Clinical data
Policy information about clinical studies
All manuscripts should comply with the ICMJEguidelines for publication of clinical research and a completedCONSORT checklist must be included with all submissions.

Clinical trial registration

Study protocol

Data collection

Outcomes

anti-FLAG

https://www.sigmaaldrich.com/US/en/product/sigma/f3165

anti-HA HRP

https://www.sigmaaldrich.com/US/en/product/roche/12013819001

anti-FLAG HRP

https://www.sigmaaldrich.com/US/en/product/sigma/a8592

We provided them in M&M section.

We provided them in M&M section.

All cell lines tested are negative for mycoplasma contamination.

No use

Provide provenance information for specimens and describe permits that were obtained for the work (including the name of the 
issuing authority, the date of issue, and any identifying information). Permits should encompass collection and, where applicable, 
export.

Indicate where the specimens have been deposited to permit free access by other researchers.

If new dates are provided, describe how they were obtained (e.g. collection, storage, sample pretreatment and measurement), where 
they were obtained (i.e. lab name), the calibration program and the protocol for quality assurance OR state that no new dates are 
provided.

Identify the organization(s) that approved or provided guidance on the study protocol, OR state that no ethical approval or guidance 
was required and explain why not.

We provided them in M&M section and each figure legend.

No wild animal

We provided them in M&M section and each figure legend.

We provided them in M&M section.

We provided them in M&M section.

Provide the trial registration number from ClinicalTrials.gov or an equivalent agency.

Note where the full trial protocol can be accessed OR if not available, explain why.

Describe the settings and locales of data collection, noting the time periods of recruitment and data collection.

Describe how you pre-defined primary and secondary outcome measures and how you assessed these measures.
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Dual use research of concern
Policy information about dual use research of concern

Hazards

Could the accidental, deliberate or reckless misuse of agents or technologies generated in the work, or the application of information presented
in the manuscript, pose a threat to:

No Yes

Public health

National security

Crops and/or livestock

Ecosystems

Any other significant area

Experiments of concern

Does the work involve any of these experiments of concern:

No Yes

Demonstrate how to render a vaccine ineffective

Confer resistance to therapeutically useful antibiotics or antiviral agents

Enhance the virulence of a pathogen or render a nonpathogen virulent

Increase transmissibility of a pathogen

Alter the host range of a pathogen

Enable evasion of diagnostic/detection modalities

Enable the weaponization of a biological agent or toxin

Any other potentially harmful combination of experiments and agents

Novel plant genotypes

Seed stocks

Authentication

Plants

ChIP-seq

Data deposition

Confirm that both raw and final processed data have been deposited in a public database such as GEO.

Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.

Data access links
May remain private before publication.

Files in database submission

Genome browser session
(e.g. UCSC)

N.A.

N.A.

N.A.

For "Initial submission" or "Revised version" documents, provide reviewer access links.  For your "Final submission" document, 
provide a link to the deposited data.

Provide a list of all files available in the database submission.

Provide a link to an anonymized genome browser session for "Initial submission" and "Revised version" documents only, to 
enable peer review.  Write "no longer applicable" for "Final submission" documents.
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Methodology

Replicates

Sequencing depth

Antibodies

Peak calling parameters

Data quality

Software

Flow Cytometry

Plots

Confirm that:

The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Instrument

Software

Cell population abundance

Gating strategy

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.

Magnetic resonance imaging

Experimental design

Design type

Design specifications

Behavioral performance measures

Acquisition

Imaging type(s)

Field strength

Sequence & imaging parameters

Area of acquisition

Describe the experimental replicates, specifying number, type and replicate agreement.

Describe the sequencing depth for each experiment, providing the total number of reads, uniquely mapped reads, length of reads and 
whether they were paired- or single-end.

Describe the antibodies used for the ChIP-seq experiments; as applicable, provide supplier name, catalog number, clone name, and 
lot number.

Specify the command line program and parameters used for read mapping and peak calling, including the ChIP, control and index files 
used.

Describe the methods used to ensure data quality in full detail, including how many peaks are at FDR 5% and above 5-fold enrichment.

Describe the software used to collect and analyze the ChIP-seq data. For custom code that has been deposited into a community 
repository, provide accession details.

We provided them in M&M section and each figure legend.

We provided them in M&M section.

We provided them in M&M section.

We provided them in M&M section and each figure legend.

We provided them in M&M section.

Indicate task or resting state; event-related or block design.

Specify the number of blocks, trials or experimental units per session and/or subject, and specify the length of each trial 
or block (if trials are blocked) and interval between trials.

State number and/or type of variables recorded (e.g. correct button press, response time) and what statistics were used 
to establish that the subjects were performing the task as expected (e.g. mean, range, and/or standard deviation across 
subjects).

Specify: functional, structural, diffusion, perfusion.

Specify in Tesla

Specify the pulse sequence type (gradient echo, spin echo, etc.), imaging type (EPI, spiral, etc.), field of view, matrix size, 
slice thickness, orientation and TE/TR/flip angle.

State whether a whole brain scan was used OR define the area of acquisition, describing how the region was determined.




