








Extended DataFig.2|GlycoRNAs are presentinthecirculation.

(A) Quantification of rPAL signal from glycoRNAs enriched from humanand
mouseseraRNA. (B) One dot equals one donor/mouse. rPAL signal intensity
ofindividual RNA samples (quantified in A). (C) Blotting of glycoRNAs from
HeLacellsand human serasamples normalized at1 pg of RNA per well.

(D) Quantification of glycoRNA signal intensity observed in (C). (E) rPAL

signalintensity of normalized human and HeLa cell-derived RNA samples
(quantified in D). (F) Blotting of glycoRNAs from healthy human donors or SLE
patientserasamples normalized at 1 ug of RNA per well. Data are represented
asmean +SEM (A, C,and D). Pooled data from four (A-E) or 6 (F) independent
serasamples are shown.*** p < 0.001; ns, not significant. Unpaired two-tailed
t-test (D, F).
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Extended DataFig. 3 | De-N-glycosylation of cell surface RNAs makes
apoptotic cellsimmunostimulatory. (A) Efferocytosis of CellBright Red-
labeled live or apoptotic HeLacells treated with or without PNGase F, or PNGase
F+RNase cocktail by CD11b+ peritoneal macrophages 2 hours post-feeding as
assessed via flow cytometry. (B) IFN-f3 ELISA of RAW macrophage supernatants
24 hours post-stimulation with apoptotic HeLa cells treated with or without
PNGase F or PNGase F+RNase cocktail atindicated macrophage:HeLa cell
ratios. (C) IL-6 ELISA of peritoneal macrophage supernatants 24 hours post-

stimulationwithlive or apoptotic HeLa cells treated with or without PNGase F
or PNGase F+RNase cocktail atindicated macrophage:HeLa cell ratios.

(D) TNF ELISA of peritoneal macrophage supernatants 24 hours post-
stimulationwithlive or apoptotic HeLa cells treated with or without PNGase F
or PNGase F+RNase cocktail atindicated macrophage:HeLa cell ratios. Dataare
represented as mean + SEM (A-D). Pooled datafrom 3 independent experiments
(A-D) areshown.* p<0.05;**, p<0.01;*** p<0.001;**** p<0.0001; ns, not
significant. Two-way ANOVA with Tukey’s test (A-D).
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Extended DataFig. 4 |See next page for caption.
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Extended DataFig.4|The modified RNA base acp®U stimulatesinnate
immuneresponses. (A) IFN-B ELISA of peritoneal macrophage supernatants
6 hours post-transfection with smallRNA derived from WT and two separate
single cell clones of DTWD2 KO U20S cells treated with or without PNGaseF,
RNase cocktail, or PNGase F+RNase cocktail. (B) IFN-B ELISA of peritoneal
macrophage supernatants 24 hours post-stimulation with apoptotic WT,
DTWD2KO1land DTWD2 K02 U20S cells treated with or without PNGase F or
PNGase F with RNase cocktail at 1:2 macrophage:U20S cell ratio. (C) TNF and
IL-6 ELISAs of supernatants of THP1macrophages 6 hours post-transfection of
smallRNAs harvested from DTWD2KO cells treated with or without PNGase F
orincombination with RNase. (D) TNF and IL-6 ELISAs of supernatants of THP1

macrophages 6 hours post-stimulation withapoptotic DTWD2KO cells treated
with or without PNGase F orin combination with RNase. (E) IFN- ELISA of

RAW macrophage (left panel) and peritoneal macrophage (right panel)
supernatants 6 hours post-transfection with small RNA treated with or without
Endo-F2/F3 or Endo-F2/F3+RNase cocktail (This experiment was performed at
the same time as Fig. 1F). (F) IFN-f3 ELISA of peritoneal macrophage supernatants
24 hours post-stimulation with apoptotic HeLa cells treated with or without
PNGase F or Endo-F2/F3 at1:4 macrophage:HeLa cell ratio. Data are represented
asmean = SEM (A-F). Pooled datafrom 3independent experiments (A-F) are
shown.**, p<0.01;*** p <0.001;**** p < 0.0001; ns, not significant. Two-way
ANOVA with Tukey’s test (A-E) or One-way ANOVA with Sidak’s test (F).
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Extended DataFig. 5| The modified RNA base acp®U stimulates innate
immuneresponses. (A and B) TNF ELISA of THP-1 macrophage supernatants
6 hours post-stimulation (A) or post-transfection (B) with10 nm,100 nm, or
250 nmof synthetic unmodified RNA or synthetic RNA modified with acp*U
(acp®U-8Cand acp®U-8D). (C and D) Volcano plot of differentially expressed
genes in THP1 macrophages stimulated with acp>U-8C-RNA (C) or PNGase
F-treated small RNAs (D) compared to THP1 macrophages stimulated with
unmodified RNA (C) or untreated small RNA (D), respectively, as revealed by
RNA-seq.Each dotrepresentsagene (Total of 32,389 genes tested). A cutoff of
absolute value fold-change of 0.5 was used to select significantly differentially

Relative Ex

ression Ilogz)
0o 1 2

expressed genes for gene ontology, yielding 5107 genes in PNGase F-treated
smallRNAs vs. untreated small RNAs and 6472 genes in acp>U-S8C RNA vs.
unmodified RNA. (E) Heat map of the genes represented in the indicated
immune pathwaysin THP1 macrophages stimulated asin Cand D.Rows are
samples grouped by condition; Columns are genes grouped by pathways; Color
isthescaled expressionof genesineachsample.Dataare represented as

mean + SEM (A and B). Pooled datafrom 3 (A and B) or 2 (C-E) independent
experiments areshown.* p <0.05;**, p < 0.01; ***, p <0.001; ****, p < 0.0001;

ns, notsignificant. Two-way ANOVA with Tukey’s test (A and B).
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6 hours post-addition or post-transfection with 50 uM of uridine, acp®U,
acp®U-modified with anamide (acp®U amide), acp>U+uridine or acp®U
amide+uridine. (H) IL-6 ELISA of THP-1 macrophage supernatant 6 hours
post-addition or post-transfection with 50 uM of uridine, acp®U,
acp®U-modified with a GIcNAc (acp®U-GIcNAc), acpU+uridine or acp®U
GlcNAc+uridine. Dataarerepresented as mean + SEM (A-H). Pooled data
from3independent experiments (A-H) areshown.* p <0.05;**, p<0.01;

*** p<0.001;*** p<0.0001; ns, not significant. Two-way ANOVA with Tukey’s
test (A-H).

Extended DataFig. 6| RNA with the modified base acp®U stimulatesinnate
immuneresponses. (Aand B) IFN-B ELISA of peritoneal macrophage
supernatants 6 hours post-stimulation (A) or post-transfection (B) with 50 pM,
125 uM, 250 uM of uridine, acpU, or uridine+acp®U (Cand D) IL-6 ELISA of THP-
1macrophage supernatant 6 hours post-stimulation (C) or post-transfection (D)
with 50 uM, 125 pM, 250 uM of uridine, acp’U, or uridine+acp>U. (Eand F)

TNF ELISA of THP-1macrophage supernatant 6 hours post-stimulation (E)

or post-transfection (F) with 50 uM, 125 pM, 250 uM of uridine, acp®U, or
uridine+acp?U. (G) IL-6 and TNF ELISA of THP-1 macrophage supernatant
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Extended DataFig.7| TLR3and TLR7 sense de-N-glycosylated glycoRNAs.
(A) IFN-B ELISA of supernatants from WT, TLR3 KO, and TLR7 KO peritoneal
macrophages stimulated for 24 hours with small RNAs from HeLa cells that
were treated with or without PNGase F orin combination with RNase and then
column purified to remove the associated N-glycans and enzymes. Poly(I:C),
CL097,R837 and LPS were used as controls. (B) TNF and IL-6 ELISA of
supernatants from THP1macrophages stimulated with small RNAs treated
withor without PNGase F, or in combination with RNase, unmodified or

acp®U-containing synthetic RNAs, as well as poly(I:C), CL097, ssSRNA40, 2’,3™
cGMP, R837,and TL8. (C) IFN-B ELISA of supernatants of RAW macrophages

24 hours post-electroporation with free uridine, acp®U, uridine+acp®Uin
combination or the synthetic 18-nucleotide unmodified or acp®U containing
RNAs and poly(dA:dT). Pooled data from 3 independent experiments (A-C) are
shown.**, p<0.01;*** p <0.001; **** p < 0.0001; ns, not significant. Two-way
ANOVA with Tukey’s test (A) or One-way ANOVA with Sidak’s test (B-C).
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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.

[ ] Adescription 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

XOX 0 O XX O OOS

|:| 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.

Software and code

Policy information about availability of computer code

Data collection  FACSymphonyTM A5 (BD Biosciences), BMG Labtech CLARIOstar, Azure 600.

Data analysis Statistical analysis was performed in GraphPad PRISM v10.1.2 unpaired t-test or one-way or two-way ANOVA as indicated in the figure
legends, and Microsoft excel 2016. RNA-seq data analyses were conducted with R v4.4.0.

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.

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

RNAseq datasets deposited under GEO accession no. GSE291767.




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 N/A

Reporting on race, ethnicity, or N/A
other socially relevant

groupings

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

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 No statistical methods were used to determine the sample size. Sample sizes were determined based on optimization experiments, previous
experience, and our published literature on the subject area (Vasudevan et al., Cell Reports 2022 PMID: 35508125; Kumari et al., Cell Reports
2021 PMID:33882312) which suggested that chosen sample size is adequate for the study. For glycoRNA blotting, we performed rPAL analysis

with 4-6 independent samples from different donors to show variability across different samples at the input quantity of 1 ug of RNA as
described in Flynn et al., 2021.

Data exclusions  No data was excluded in this study.

Replication All experiments were performed at least two or three times as independent experiments and were successfully replicated. This is indicated in
the figure legends for each experiments.

Randomization  No randomization was performed in this study. Sex- and age-matched mice were assigned to different experimental groups.

Blinding No blinding was performed in this study. All results and analysis were based on objective quantification of the data collected through
automated instrumentation.

Reporting for specific materials, systems and methods
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Antibodies

Antibodies used All antibodies used in this study are commercially available and used extensively. These antibodies and their clones names/CAT# are
included in the methods section of this manuscript.
Coating antibody: anti-mIFN-B monoclonal antibody sc-57201, Santa Cruz Biotechnology: https://www.scbt.com/p/ifn-beta-
antibody-7f-d3
Detection mIFN-B antibody 32400-1, PBL Assay Science: https://www.pblassaysci.com/antibodies/anti-mouse-ifn-beta-antibody-
rabbit-serum-neutralizing-pab-32400
phospho-IRF3 (1:1000 dilution, 4D4G, 4947, Cell Signaling Technology): https://www.cellsignal.com/products/primary-antibodies/
phospho-irf-3-ser396-4d4g-rabbit-mab/4947
phospho-TBK1 (1:1000 dilution, 5483, D52C2, Cell Signaling Technology): https://www.cellsignal.com/products/primary-antibodies/
phospho-tbk1-nak-ser172-d52c2-xp-rabbit-mab/5483
phospho-ERK1/2 (1:1000 dilution, 9106, (Thr202/Tyr204), Cell Signaling Technology): https://www.cellsignal.com/products/primary-
antibodies/phospho-p44-42-mapk-erk1-2-thr202-tyr204-e10-mouse-mab/9106
phospho-JNK (1:1000 dilution, 9251 (Thr183/Tyr185), Cell Signaling Technology): https://www.cellsignal.com/products/primary-
antibodies/phospho-sapk-jnk-thr183-tyr185-antibody/9251
phospho-p65 (1:1000 dilution, 3031, (Ser536), Cell Signaling Technology): https://www.cellsignal.com/products/primary-antibodies/
phospho-nf-kb-p65-ser536-antibody/3031
phospho-p38 (1:1000 dilution, 4511 (Thr180/Tyr182, D3F9), Cell Signaling Technology): https://www.cellsignal.com/products/
primary-antibodies/phospho-p38-mapk-thr180-tyr182-d3f9-xp-rabbit-mab/4511
total IRF3 (1:1000 dilution, 4302, D83B9, Cell Signaling Technology): https://www.cellsignal.com/products/primary-antibodies/irf-3-
d83b9-rabbit-mab/4302
total TBK1 (1:1000 dilution, 51872, E9HS5S, Cell Signaling Technology): https://www.cellsignal.com/products/primary-antibodies/tbk1-
nak-e9h5s-mouse-mab/51872
total ERK1/2 (1:1000 dilution, 9102, Cell Signaling Technology):https://www.cellsignal.com/products/primary-antibodies/p44-42-
mapk-erk1-2-antibody/9102
total JNK (1:1000 dilution, 9252, Cell Signaling Technology): https://www.cellsignal.com/products/primary-antibodies/sapk-jnk-
antibody/9252
total p65 (1:1000 dilution, 6956, (L8F6), Cell Signaling Technology): https://www.cellsignal.com/products/primary-antibodies/nf-kb-
p65-18f6-mouse-mab/6956
total p38 (1:1000 dilution, 8690, (D13E1), Cell Signaling Technology): https://www.cellsignal.com/products/primary-antibodies/p38-
mapk-d13el-xp-rabbit-mab/8690
a-Tubulin (1:1000 dilution, 3873, DM1A, Cell Signaling Technology): https://www.cellsignal.com/products/primary-antibodies/a-
tubulin-dmla-mouse-mab/3873
B-Actin, (1:1000, 3700, (8H10D10), Cell signaling technology): https://www.cellsignal.com/products/primary-antibodies/b-
actin-8h10d10-mouse-mab/3700
HRP-conjugated anti-rabbit (1:5000 dilution, 711035152, Jackson ImmunoResearch): https://www.jacksonimmuno.com/catalog/
products/711-035-152
HRP-conjugated anti-mouse (1:5000 dilution, 115035166, Jackson ImmunoResearch): https://www.jacksonimmuno.com/catalog/
products/115-035-166
HRP-conjugated anti-goat (1:5000 dilution, 805035180, Jackson ImmunoResearch): https://www.jacksonimmuno.com/catalog/
products/805-035-180
CD11b antibody (catalogue no: 101211; Biolegend): https://www.biolegend.com/ja-jp/products/apc-anti-mouse-human-cd11b-
antibody-345
Streptavidin IR800 (1:5000 dilution, LiCor Biosciences, 926-32230): https://shop.licor.com/bio/reagents/irdye-800cw-streptavidin
MyD88 (1:1000 dilution, AF3109, R&D systems): https://www.rndsystems.com/products/mouse-rat-myd88-antibody_af3109
TIRAP (1:1000 dilution, 13077T, Cell Signaling Technologies): https://www.cellsignal.com/products/primary-antibodies/tirap-dém9z-
rabbit-mab/13077
IRAK2 (1:1000 dilution, 4367T, Cell Signaling Technologies): https://www.cellsignal.com/products/primary-antibodies/irak2-
antibody/4367
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Validation All antibodies are commercially available and validated by the manufacturer on their websites. We selected the antibodies used in
this study due to the validation provided by each manufacturer for their use in immunoblotting and co-immunopreciptation. Details
on these antibody validation can be used by search the manufacturer's website using the information provided above.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Hela, ATCC
RAW264.7 macrophages ATCC ATCCTIB-71
THP1 cells ATCC, provided by Dr. Kate Fitzgerald's UMass Chan Medical School
U20S cells, ATCC
DTWD2 KO cells were generated in the Flynn lab and validated in their manuscript (PMID: 39173631).

Authentication The cell lines were authenticated from the manufacturer. No futher validation was performed in lab.
Mycoplasma contamination Cell lines were not tested for Mycoplasma in the lab.

Commonly misidentified lines  No misidentified cell lines were used.
(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

Wild-type (WT) C57BL/6J, TLR3 KO (Strain B6;12951-TIr3tm1FIv/J), TLR7 KO (Strain B6.12951-TIr7tm1Flv/J), MyD88 KO (Strain
B6.129P2(SJL)-Myd88/J) and TRIF KO (Strain C57BL/6J-Ticam1/J) from the Jackson laboratory (Bar harbor, ME) were bred and
maintained in specific pathogen-free conditions in the animal facility of UConn Health. All mice were housed at an ambient
temperature of approximately 22°C, a humidity of 40-60%, and a light/dark cycle of 12 hours. Sex- and age-matched mice were
used. All mice used in this study were between the age of 6-20 weeks old.

The study did not involve wild animals.

Findings are applicable to male and female mice.

The study did not involve samples collected from the field.

The animal studies were approved by the UConn Health Institutional Animal Care and Use Committee (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

N/A

N/A

N/A
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