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Extended DataFig. 5| Lantern CAP-seq during SG assembly in HEK293T
cells. (a) FPKM values of transcripts commonly detected in two replicates.
Pearson’s correlation coefficients between replicates are indicated in each plot.
(b) Temporal overlap of G3BP1-proximal RNAs during SG assembly. Horizontal
bars onthe leftindicate the total number of enriched transcripts at each time
point. Vertical bars show the number of transcripts shared by the time-point
combinationsindicated by the connected dots below. (c) Heatmap showing
Pearson’s correlation coefficients between Log,FC (G3BP1 vs. Untargeted) values
determined at different time points during SG assembly. (d) Venn diagram
comparing the SG transcriptome identified by Lantern-mediated CAP-seq with
SG-proximal and SG-excluded datasets determined by miniSOG-mediated CAP-
seq’. (e) Venn diagram comparing the SG transcriptome identified by CAP-seq

with datasets from SG purification®*, ARTR-seq*, and TRIBE-ID”. The ARTR-seq
dataset was analyzed using DESeq2 cutoffs of log,FC >1and P < 0.05 (two-sided
Wald test). The TRIBE-ID dataset was obtained after 1 h treatment with rapamycin
and sodium arsenite. DYNCIHI and NORAD are true positives; GAPDH, MT-CYB
and MT-ND4 are true negatives. (f) Quantification of the ratio of smFISH signals
within SGs versus the whole cell. Boxes indicate the first and third quartiles;
whiskersindicate the outermost data points within 1.5x the interquartile range;
opensquares denote the mean; middle lines indicate the median. n=15cells.

(g) Representative smFISH images of the enriched SG transcript CANX and non-
enriched transcripts SRRM2 and KIF1A. Scale bar:10 pm. The colocalization ratio
of each transcriptis indicated at the bottom left as median + S.E.M.
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Extended DataFig. 6 | Cluster analysis of the SG transcriptome during Gene length features were obtained from Ensembl. m°A strength was calculated
assembly. (a-b) t-SNE analysis of 3,289 G3BPl-interacting RNAs based on their either from m°A maps generated in this study by applying the GLORI2.0 protocol
log,FC (G3BP1/NES) values across six time points during SG assembly. RNAs to HEK293T cells treated with 0.5 mM NaAsO, for 1 h (e), or from published
are annotated by the six assigned clusters (a) or ERM localization identified in GLORP*%, GLORI2.0*, and CAM-seq*’ datasets (f). Boxes indicate the firstand
unstressed cells (b). (c) Venn diagram comparing transcripts from clusters 5 and third quartiles; whiskers indicate the outermost data points within1.5x the
6 with the SG core transcriptome obtained by SG core purification®. (d-f) Box interquartile range; open squares denote the mean; middle lines indicate the
plots comparing gene length (d) and m°A strength (e-f) for RNAs in clusters 1-6. median. The nvalue for each box is the same asin Fig. 3e.
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Extended Data Fig. 7| Temporally resolved profiling of the SG proteome
during assembly. (a) Correlation analysis of mass spectrometry intensities for
proteins detected in replicate experiments. Pearson’s correlation coefficients
(R) are shown at the top. (b) Correlation analysis of SG protein enrichment
inreplicate labeled samples compared with controls. Enrichment folds were
calculated from normalized protein intensities. Red: canonical SG proteins,
defined as Tier 1 proteins in RNA Granule Database**; blue: extracellular or
mitochondrial matrix proteins, used as true negatives. Dashed lines denote the

cutoffratio of 1.1. (c) Venn diagram comparing SG proteome datasets identified
by Lantern-mediated CAP-MS and native immunoprecipitation (Native IP)*%, with
the percentage of Tier 1 proteins indicated on the side. (d-e) G3BP1/Untargeted
ratios of SG proteins before (d) and after normalization to G3BP1 (e) during

the first 15 min of stress. (f) G3BP1/Untargeted ratios of human RNAs with low,
medium, and high m°A strength during the 1 h stress time. The m®A map was
generated from unstressed HEK293T cells using the GLORI2.0 procedure.

Nature Chemical Biology


http://www.nature.com/naturechemicalbiology

Article

https://doi.org/10.1038/s41589-026-02313-y

a & b
3
IS
£
= g miniSOG  + + + -
D
i 8 . . PA ’ i ) '
2 : 15 min
=15 blue LED * - + +
IS e
el 5
e
[72]
c
o
o
c d
£
[}
<
©
i}
- X Lantern + - + -
o
2| o
o8 ‘:j blueLED 1min 1min 5min 5min
o 3
e}
C c
£ 8 * o
w | 8 . .
B
C
£
o
e f rCN  HEK203T
@
% Without
§ expression
_*g) i‘% . filtering
©
=
Qo
c c rCN HEK293T
el
- 8 )
3 With
c expression
g filtering
§ .

Extended Data Fig. 8 | Optimization of stress granule CAP-seq labeling in
primary neuron culture. (a) Representative immunofluorescence images of rat
cortical neurons labeled with G3BP1-miniSOG in the presence of 10 mM PA under
15 minirradiation. (b) Streptavidin dot blot analysis of RNAs labeled by miniSOG
under 15 minirradiation. (c) Representative immunofluorescence images of rat
cortical neurons labeled with G3BP1-Lanternin the presence of 10 mM PA under
S minirradiation. (d) Streptavidin dot blot analysis of RNAs labeled by Lantern
under 1or 5 minirradiation. (e) Representative immunofluorescence images

of rat cortical neurons labeled with Lantern-NES in the presence of 10 mM PA
under 1 minirradiation. (f) Venn diagram comparing SG transcriptome datasets
generated by Lantern-mediated CAP-seqin rat cortical neurons (rCN) and
HEK293T cells. Transcripts without homologous annotations were removed.
The analysis was repeated after removing low-abundance transcripts with read
counts <10 (bottom). Allimaging experiments were repeated independently
twice with similar results. Scale bar: 20 um.
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Extended Data Fig. 9| Spatially resolved cellular tagging with Lantern.
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(a) DMD masks generated from fluorescence images of the mCherry or
mTurquoise2 channels. (b) Percentage distribution of different cell typesin

the sorted cell population. (c) RT-qPCR analysis of normalized mCherry (pink)
and mTurquoise2 (blue) expression levels in sorted cells. Cells were selectively

labeled based on mCherry or mTurquoise2 expression, with two replicates

for each condition. Expression levels were normalized to GAPDH. Error bars:

mean +SD; n=4technical replicates. (d) Flow cytometry analysis of Lantern-TM MC38
cellslabeled with2 mM Btn-NH, under O to 2 minirradiation.

(e-g) Quantitation of CD40/CD40L-mediated cell-cell labeling by flow cytometry.
Cis-labeling indicates self-biotinylation of CD40L-Lantern bait cells (e), whereas
trans-labeling indicates biotinylation of CD40 expressing prey cells (f).
Normalized trans-labeling efficiency is shownin (g). Error bars:mean + SD;n=3
technological replicates.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

000 0 O00000%

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.
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Data collection  lllumina NovaSeq 6000 system
Data analysis HISAT2 (version2.1.0), HTSeq (version 0.6.1), DESeq2 (version 1.42.1), pheatmap( version 1.0.12), samtools(version 1.61.1), Imagej(version
2.3.0), MaxQuant (version 1.6.10)

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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- 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

The transcriptomic data generated in this study have been deposited in the GEO database under the accession code GSE292673. The proteomic data generated in
this study have been deposited in the ProteomeXchange database under accession code IPX0014765000. Lantern-expressing plasmids are available through
Addgene (mito-Lantern: 250922 and 250920; Lantern-HaloTag-NES: 250919; G3BP1-Lantern: 250918; Lantern-MAVS: 250917; Lantern-Sec61R: 250916). The gel-




based western blot data generated in this study are provided in the Source Data file. The raw data of all the bar charts in this study are provided in the Source Data
file. The PDB entries used in this work could be found in the following hyperlinks: 6GPU (miniSOG). Source data are provided with this paper.
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Population characteristics This research doesn't involve human participants
Recruitment This research doesn't involve human participants
Ethics oversight This research doesn't involve human participants

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

All studies must disclose on these points even when the disclosure is negative.

Sample size Sample sizes of omic studies are indicated in methods. For RNA sequencing experiments, libraries constructed from total RNA were
sequenced at a depth of 50 million paired reads per library to ensure a sufficient coverage of protein-coding RNAs. Libraries constructed from
rRNA-depletion samples were sequenced at a depth of 10 million paired reads per library. The sample size of proteomic experiments was
determined by Western Blot and Silver staining after biotin affinity precipitation.

Data exclusions  No data exclusion was performed.

Replication The numbers of replicated experiments are indicated in methods. At least two biological replicates were performed
for high-throughput sequencing and proteomic experiments. All the confocal images, blots and gels were repeated twice independently with
similar results.

Randomization  Immortal cells and primary neurons were randomly seeded in culture dishes.

Blinding Blinding is not relevant to our study. Given the high-throughput, objective nature of next-generation sequencing and proteomic analysis,
these data are inherently quantitative and not susceptible to observer bias.
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Antibodies

Antibodies used

Validation

Antibody (vendor, catalog number, dilution): Rabbit anti-G3BP (Abcam, ab181150, 1:2000 for WB); Mouse anti-G3BP (Abcam,
ab56574, 1:500); anti-G3BP2 (Abcam, ab86135, 1:500); anti-MAP2 (Abcam, ab5392, 1:5000); anti-TOMM?20 (Abcam, ab56783,
1:1000); anti-Calnexin (Abcam, ab22595, 1:500); anti-DDX6 (ABclonal, A16270, 1:1000); anti-elF2a (CST, 5324, 1:3000); anti-EIF2S1
(Abcam, ab32157, 1:3000); Mouse anti-V5 (Biodragon, B1005, 1:1000 for IF and 1:5000 for WB); anti-Flag (Sigma-Aldrich, F1804,
1:1000); anti-a-Tubulin (Biodragon, B1052, 1:5000); Goat anti-mouse-Alexa Fluor 488 (ThermoFisher, A-11029, 1:1000); Goat
anti-rabbit-Alexa Fluor 488 (ThermoFisher, A-11034, 1:1000); Streptavidin-Alexa Fluor 647 (ThermoFisher, S21374, 1:1000); Goat
anti-mouse 1gG-HRP (Biodragon, BF03001, 1:5000); Goat anti-rabbit IgG-HRP (Biodragon, BFO3008, 1:5000); Streptavidin-HRP
(ThermoFisher, 21124, 1:5000).

Used according to manufacturer's instructions.

Rabbit anti-G3BP: https://www.abcam.cn/products/primary-antibodies/g3bp-antibody-epr13986b-ab181150

Mouse anti-G3BP: https://www.abcam.cn/products/primary-antibodies/g3bp-antibody-2f3-ab56574

anti-G3BP2: https://www.abcam.cn/products/primary-antibodies/g3bp2-antibody-ab86135

anti-MAP2: https://www.abcam.cn/products/primary-antibodies/map2-antibody-neuronal-marker-ab5392
anti-TOMMZ20: https://www.abcam.cn/products/primary-antibodies/tomm20-antibody-4f3-bsa-and-azide-free-ab56783
anti-Calnexin: https://www.abcam.cn/products/primary-antibodies/calnexin-antibody-er-marker-ab22595

anti-DDX6: https://abclonal.com.cn/catalog/A16270

anti-elF2a: https://www.cellsignal.com/products/primary-antibodies/eif2-alpha-d7d3-rabbit-monoclonal-antibody/5324
anti-EIF2S1: https://www.abcam.cn/products/primary-antibodies/eif2s1-phospho-s51-antibody-e90-ab32157

Mouse anti-V5: https://www.biodragon.cn/cn/goods/goodsView?Goodsld=1785

anti-Flag: https://www.sigmaaldrich.com/HK/zh/product/sigma/f1804

anti-a-Tubulin: https://www.biodragon.cn/cn/goods/goodsView?Goodsld=12552&Catalog=

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

Authentication

HEK293T cells (3101HUMSCSP5293) and U-2 OS cells (1101HUM-PUMC000028) were puchased from Cell Resource Center,

Institute of Basic Medical Sciences, CAMS. MC38 cells were obtained from Prof. Peng Chen's laboratory at Peking University.

Cells have not been authenticated.

Mycoplasma contamination Cells used in this paper were test negative of mycoplasma contamination.

Commonly misidentified lines  None.

(See ICLAC register)

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

Neonatal Sprague Dawley rats (within 24 h post-birth) were used for cortical neuron dissection.
None.

Sex-based analyses were not performed in this study.

This study didn't involve samples collected from the field.

Approved by Peking University Institutional Animal Care and Use Committee (PKU IACUC).

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

Plants

Seed stocks

Novel plant genotypes

Authentication

None.

None.

None.
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Flow Cytometry

Plots
Confirm that:

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

|Z| 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

For labeling of mTurquoise and mCherry co-culture system, HEK293T cells were transfected with Lantern-TM co-expressing
mTurquoise or mCherry separately. Cells were mixed after transfection, labeled with the CAP-CELL procedure and digested
with trypsin-EDTA (0.05%). Then the cells were stained with streptavidin-Alexa Fluor 647 and Calcein-AM, and analyzed by
flow cytometry.

For labeling of migrating cancer cells, the MC38 cells stably expressing Lantern-TM were generated by lentiviral transduction.

After the CAP-CELL labeling procedure, cells were digested and analyzed as described above.

For labeling of the CD40/CD40L-guided cell-cell interaction, HEK293T cells were transfected with CD40L-Lantern and CD40-
EGFP separately. Cells were digested after the transfection was completed. 4e5 CD40L-Lantern cells were mixed with 2e5
CD40-EGFP cells, then incubate with 100 uM Btn-NH2 probe in 1 mL PBS solution containing 10 mg/mL BSA at 37°C for 15
min. After the CAP-CELL labeling procedure, cells were resuspended, stained and analyzed as described above.

BD FACSArialll Cell Sorter; BD LSRFortessa Cell Analyzer.
FlowJo (version 10.6.2)

The abundance of mCherry+ and mTurquoise+ cells in the post sorted samples was determined by the fluorescence of
mCherry and mTurquoise, respectively. The abundance of cell populations in each replicate was shown in Figure S6.

The FSC/SSC gate was determined according to intensities of wild type HEK293T or MC38 cells. The biotinylation gate was
determined according to the intensity of control samples. An illustration of gating strategy was shown in Figure S6.

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