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Extended Data Fig. 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 on the left indicate the total number of enriched transcripts at each time 
point. Vertical bars show the number of transcripts shared by the time-point 
combinations indicated by the connected dots below. (c) Heatmap showing 
Pearson’s correlation coefficients between Log2FC (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-
seq18. (e) Venn diagram comparing the SG transcriptome identified by CAP-seq 

with datasets from SG purification36, ARTR-seq35, and TRIBE-ID37. The ARTR-seq 
dataset was analyzed using DESeq2 cutoffs of log2FC > 1 and P < 0.05 (two-sided 
Wald test). The TRIBE-ID dataset was obtained after 1 h treatment with rapamycin 
and sodium arsenite. DYNC1H1 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; 
whiskers indicate the outermost data points within 1.5× the interquartile range; 
open squares denote the mean; middle lines indicate the median. n = 15 cells. 
(g) Representative smFISH images of the enriched SG transcript CANX and non-
enriched transcripts SRRM2 and KIF1A. Scale bar: 10 μm. The colocalization ratio 
of each transcript is indicated at the bottom left as median ± S.E.M.
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Extended Data Fig. 6 | Cluster analysis of the SG transcriptome during 
assembly. (a-b) t-SNE analysis of 3,289 G3BP1-interacting RNAs based on their 
log2FC (G3BP1/NES) values across six time points during SG assembly. RNAs 
are annotated by the six assigned clusters (a) or ERM localization identified in 
unstressed cells (b). (c) Venn diagram comparing transcripts from clusters 5 and 
6 with the SG core transcriptome obtained by SG core purification36. (d-f ) Box 
plots comparing gene length (d) and m6A strength (e-f ) for RNAs in clusters 1–6. 

Gene length features were obtained from Ensembl. m6A strength was calculated 
either from m6A maps generated in this study by applying the GLORI2.0 protocol 
to HEK293T cells treated with 0.5 mM NaAsO2 for 1 h (e), or from published 
GLORI38, GLORI2.039, and CAM-seq40 datasets (f ). Boxes indicate the first and 
third quartiles; whiskers indicate the outermost data points within 1.5× the 
interquartile range; open squares denote the mean; middle lines indicate the 
median. The n value for each box is the same as in 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 
in replicate 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 Database44; blue: extracellular or 
mitochondrial matrix proteins, used as true negatives. Dashed lines denote the 

cutoff ratio of 1.1. (c) Venn diagram comparing SG proteome datasets identified 
by Lantern-mediated CAP-MS and native immunoprecipitation (Native IP)48, 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 m6A strength during the 1 h stress time. The m6A map was 
generated from unstressed HEK293T cells using the GLORI2.0 procedure.
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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 min irradiation. (b) Streptavidin dot blot analysis of RNAs labeled by miniSOG 
under 15 min irradiation. (c) Representative immunofluorescence images of rat 
cortical neurons labeled with G3BP1-Lantern in the presence of 10 mM PA under 
5 min irradiation. (d) Streptavidin dot blot analysis of RNAs labeled by Lantern 
under 1 or 5 min irradiation. (e) Representative immunofluorescence images 

of rat cortical neurons labeled with Lantern-NES in the presence of 10 mM PA 
under 1 min irradiation. (f ) Venn diagram comparing SG transcriptome datasets 
generated by Lantern-mediated CAP-seq in 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). All imaging experiments were repeated independently 
twice with similar results. Scale bar: 20 μm.
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Extended Data Fig. 9 | Spatially resolved cellular tagging with Lantern.  
(a) DMD masks generated from fluorescence images of the mCherry or 
mTurquoise2 channels. (b) Percentage distribution of different cell types in  
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 = 4 technical replicates. (d) Flow cytometry analysis of Lantern-TM MC38  
cells labeled with 2 mM Btn-NH2 under 0 to 2 min irradiation.  
(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 shown in (g). Error bars: mean ± SD; n = 3 
technological replicates.
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