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Supplementary Fig. 1. Automated electrophoresis results of in vitro—transcribed (IVT) mRNA used in this study.

a,b, (a) Gel images and (b) electropherogram of IVT mRNA are shown with size indicators.
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Supplementary Fig. 2. Number of differentially expressed genes according to the cell types and conditions. a, Bar
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a, Primary and boost shot samples are displayed on the UMAP landscape of single-cell transcriptome data. Colors indicate
injection type and number of shots given. b, Cell compositions in primary and boost shot samples. Bar plots showing (left)
raw proportion of cell types in the primary and boost shot samples, (middle) relative proportions, indicating cell type propor-
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changes of cellular composition, which is determined by differential cell composition analysis (false discovery rate < 0.05).
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Supplementary Fig. 4. PC1- and PC2-associated genes. a,b, Results from pathway enrichment analysis using terms
from (a) Reactome_ 2022 and (b) Biocarta_2016, on the top 100 PC1 genes (top panels) and top 100 PC2 genes (bottom
panels), according to the coefficients to the PC axes. ¢, Scatter plot showing the coefficients of individual genes to the PC1

(x-axis) and PC2 axes (y-axis).



Fibroblast

Monocyte

Macrophage
Schwann-non-myelinating
Neutrophil
Schwann-myelinating

NK

Mural

Endothelial

Tenocyte
Muscle-skeletal-progenitor
T-prolif

Mast

B-prolif

DC-migratory

B-naive

DC-plasmacytoid

T-CD8

T-CD4
Muscle-skeletal-mature

@ LNP+mRNA_40hr
@ LNP+mRNA_16hr
© LNP+mRNA_2hr
® PBS

0

2 4 6 8
Outgoing interaction strength

Differential incoming interaction strength

o
™

o

O

o

1
©

Signaling changes of Fibroblast
(PBS vs. LNP+mRNA)
Shared O Shared

PBS specific O Incoming specific
LNP+mRNA specific A Outgoing specific

< Incoming & Outgoing specific

GALECTIN ?VISFATIN

osM
m
MIF ccL
L4 P
SEMA3 PROS
e

N
=

05
Differential outgoing interaction strength

LNP+mRNA vs PBS (log,[Foldchanges])

©

CCL genes
(Fibroblast)
average £CI5
expression
© 04
Qo038
012 Ccl2
Q16 Cc¥19 8cl7.
Ccl8 oCcl4
0.121 ©Ccl12
cl21a
o o
°cel9 Ccl3
[e) o ©
o
o
0 2 4

LNP vs PBS (log,[Foldchanges])

d e . .
CCL signaling pathway network
Fraction of cells Mean expression e B-prolif N
in group (%) in group LR —\’f
I I I I I
20 40 60 80 100 0.0 05 1.0
FbPite- @ @ @ - - .
Fib Col15211 @ @ @® =+ = - .
A
Fib_cxels{ (O (OO O o o @ 3
FibCc1ol @ @ « © o -« - () O o 8 =
o
T T T T T T T T T T ol
NN ® L YO NS T QD 2
S & &6 O 6 6 =T T T O w
O O O O O O &8 & 9 O
O O o >
3 [+
3, &
c  15] —Fib_Pit6 P J<4
o —— Fib_Col15a1 v &
a —— Fib_Cxcl5
2 101 —Fib_Ccl19
[}
x
()
A
ko
i 01— — —— ——— ———
NN ® Y YO N T D
S &6 &6 & 86 66 =T = T ©
O O O O O O 8 8 ¥ O
© O 8 Is
o e

abeydioeiN

Supplementary Fig. 5. Injection-site fibroblasts express chemokine genes in response to mRNA vaccine. a, Outgo-
ing signaling strengths of cell types at each p.i. time point after mRNA vaccine injection. Signaling strengths were inferred
from the injection-site scRNA-seq data using CellChat. b, Differential cellular signaling patterns in the injection-site fibro-
blasts. Fibroblasts from the mRNA vaccine injection and PBS injection were compared using CellChat, and the positive
values on the x-axis and the y-axis indicate higher signaling with the mRNA vaccine injection. ¢, Scatter plot showing
induction of CCL (CC chemokine ligand) genes. Fibroblasts from PBS-injected, LNP-injected, and LNP+mRNA (mMRNA
vaccine)-injected scRNA-seq data were compared. The x-axis of the scatter plot indicates log2 fold changes for LNP-treat-
ed fibroblasts (vs PBS), and the y-axis denotes log2 fold changes of LNP+mRNA fibroblasts (vs PBS). Sizes indicate
average expression of the genes in fibroblasts. d, Differential expression of CCL genes according to fibroblast population
identities depicted as a dot plot (top) and a line plot (bottom). Dot sizes in the dot plot represent fractions of cells express-
ing genes, and colors indicate min-max scaled average expression of the genes. The y-axis on the line plot represents
relative average expression (vs average expression in total fibroblasts) of the genes. e, A chord plot representation of the
CCL signaling network inferred from the injection-site scRNA-seq data using CellChat.
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single-cell trajectory analysis. (a) Whole trajectory graphs, (b) a selected trajectory branch that spans from Fib_Pi16 to
Fib_Ccl19, and (c) calculated pseudotimes are displayed on the UMAP representation of LNP-treated injection-site fibro-
blasts. d, Fibroblasts on the selected branch (as in b) are aligned according to trajectory pseudotime (as in ¢), and their
cellular identities, treatment conditions, and expression of genes highly associated with Ccl19+ fibroblast identity are
displayed as line plots. Line plots indicate average expression and the error bands indicate 95% confidence intervals. e,
Pathway enrichment analysis on the pseudotime correlated genes, defined as the genes with Pearson correlation coeffi-
cients > 0.3 to the pseudotime values across the fibroblasts on the selected branch. P values were adjusted with the
Benjamini-Hochberg method.



Supplementary Fig. 7. RNA in situ hybridization reveals spike-specific induction of Ifnb1 in fibroblasts. a-c, RNA in
situ hybridization was performed on the 2 h mRNA vaccine p.i. muscle tissues (injection site) with detection probes for
Pdgfra (green), Ifnb1 (red), and Spike (blue) transcripts. Fluorescent images were taken at various scales. Scale bars
(white bar at the lower left corner) indicate (a) 20 um and (b-c) 50 um. Images were selected from biological replicates of
mRNA-vaccine injected samples (n=4).
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Supplementary Fig. 8. Gene regulatory network analysis on the 2 h p.i. fibroblasts. a, Differential regulon activities
identified in gene regulatory network analysis. b-k, Regulon activities in individual fibroblasts from PBS injection, LNP 2 h
p.i., and LNP+mRNA 2 h p.i. samples are displayed in bar plots. Colors indicate detection of spike mRNA in each fibroblast.
Statistical comparison between the groups were conducted with two-tailed MannWhitney U tests (ns: non-significant). All

the data in bar plots are presented as mean values +/- SEM.
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Supplementary Fig. 9. Draining lymph node single-cell transcriptome data. a, UMAP representation of cell types in
the draining lymph node scRNA-seq data. b, Representative marker genes and their expression in the cell types identified
in scRNA-seq data. Dot sizes are proportional to the expressing cell ratio, and the colors indicate min-max normalized
average expression values of the marker genes. ¢, The cells from each treatment condition are separately displayed on the
UMAP. d, Cell type compositions in scRNA-seq data from each of the treatment conditions. Colors indicate cell type

identities (as in a).



40 1 o none 0=0.00801
® peptide £=0.00492
[ ]
® 30 - .
[0}
(&]
n
o p=0.00611
L>‘§. 20 T ®
A
%)
[T
@ 10 41 ns
[ ]
[ )
z s aj i 3
0 T T

PBS Sub+Alum Sub+Alum

(n=6/6)  (n=6/6)

+IFNB
(n=6/6)

SFC/2.5x10° cells

20

-
(&)
|

RN
o
|

(&)
|

@® none

@ peptide p=0.00492

p=0.00499

ns j%

i

PBS Sub Sub
(n=6/6)  (n=6/6)  +IFNB
(n=6/6)

SFC/2.5x10°% cells

600 A

500 -

400

300

200

100

o pontde ns
p=0.00216
[ ]
p=0.00216
[ )

T [}
ERNS

| —a@ | e
mMRNA+LNP ~ mRNA+LNP

(n=6/6)  +anti-IFNB (i.p.)
(n=6/6)

Supplementary Fig. 10. Intramuscular IFN- promotes cellular immune responses. a-c, Results from the IFN-y
ELISpot assay conducted on splenocytes from various conditions are displayed on bar plots. The effect of IFN- co-injec-
tion was evaluated on each vaccination strategy: (a) protein subunit+Alum, (b) protein subunit. The effect of non-injection
site IFN-B blocking was evaluated in (¢) mMRNA+LNP (i.m.) with or without IFN- blocking antibody (i.p.). Cells were stimu-
lated with spike peptide (red) or not (gray), and the spot counts were statistically evaluated with two-tailed MannWhitney U
tests (ns: non-significant). All the data in bar plots are presented as mean values +/- SEM.
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Supplementary Fig. 11. Gating strategy to analyze IFN-y producing T-cells in vaccinated mice spleen. Splenocytes
were isolated from mice by mechanical disruption on a 40 ym cell strainer. Lymphocytes were first gated using FSC-A and
SSC-A, doublets were sequentially excluded by combining SSC-A and SSC-H. Cells were labeled with viability dye to
exclude dead cells, and with anti-CD3, -CD8 antibodies followed by fixation and permeabilization and then stained with
anti-IFN-y. IFN-y producing T-cells were defined as CD3+CD8+IFN-y+ or CD3+CD8-IFN-y+ cells.



