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Figure S1. Variety of each scRNAseq dataset and their batch effect. Related to Figure 1.
(A) UMAP plot color-coded according to cell type from each scRNAseq dataset.

(B) Simple data mixture indicates the batch effect among datasets. Merged UMAP plot
color-coded according to cell type, dataset, and tissue type.
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(A, B) Stacked bar chart (A) and heatmap (B) showing the proportion of 10 cell types
each individual. The normal pancreas sample is highlighted

(C) Raincloud plots show
cellular level and in each dataset.

Figure S2, Related to F
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Figure S3, Related to Figure 1

(A, B) Bubble plot showing the cell origin of poor-prognosis (A) or good-prognosis (B)
markers in TCGA-PAAD, with genes indicated in rows and cell types in columns. The size
of each bubble represents the rate of cells expressing a gene, and the color represents the
scaled average expression in their cell-type cluster. Forest plot showing the hazard ratio
with 95% confidence interval, which were calculated in the Cox proportional hazards
regression model, and the value stems from the comparison between 25% and 75% tiles
from four categorized group based on gene expression.
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Figure S4, Related to Figure 2. (A) Cellular decomposition for an additional three cohorts
that hold RNAseq data. Heatmap of cell ratio and hierarchical clustering based on the
correlation among patients showing the heterogeneity of PDAC. Unlike TCGA-PAAD,
Kaplan—Meier curves for patient group indicate that the good-prognosis group does not
present as malignant cells coexisting with good-prognosis factors, such as T cells. Cellular
correlation is comparable in all cohorts: positive/negative correlation of stellate cells,
endocrine cells, T cells, and fibroblasts. (B) Kaplan—Meier curve for patients classified into
tertile groups based on single-cell type ratio, showing no significant differences.
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Figure S5, Related to Figure 3
Heatmap summarizing the role of each cell type in each signaling pathway. The plot with
the red box is a remarkable pathway in the interaction between CAFs and malignant cells.
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Figure S6. Refinement of the tumor-subtype signature. Related to Figure 4. (A) Pearson’s
correlation analysis between subtype scores and the expression of top weighted signatures
in scRNAseq data, indicating that the signatures defined in the NMF method for
TCGA-PAAD were inadequate for application to scRNAseq data. (B) Scatter diagrams of
the correlation coefficient of each signature gene defined as (A) showing that some genes
contributed to the two scores, whereas others exhibited no correlation. Each dot indicates
the subtype signature gene, and the color indicates the expression levels in the malignant
cell clusters of scRNAseq data.
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Figure S7, Related to Figure 4.

(A—C) The UMAP of ductal cells after batch correction among individuals, color-coded
according to cluster (A), tissue type (B), and cell-cycle stage (C). Cell clusters were defined
using an unsupervised clustering method, such as the Seurat pipeline. The stage of the cell
cycle was calculated by the Seurat function “CellCycleScoring”. The data showed the
normal ductal cell fraction in tumor samples as cluster 2, and clusters 5 and 7 had a biased
feature during the cell cycle (red arrows). (D) Marker expression involving taft cells and
immune cells is plotted on UMAP. (E) Heatmap of the proportion of ductal cell clusters in
each sample indicating the minor population (clusters 9 and 10) not representative in
PDAC. The normal pancreas sample is highlighted in red. Clusters 2 and 3 reflect normal
ductal cell features. (F) Heatmap showing the expression levels of modified subtype
signatures at the cellular level. (G) Venn plot of differentially expressed genes among the
data classified according to modified subtype scores.
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Figure S8. Related to Figure 4.
The distribution on UMAP of each highlighted individual indicates the co-presence of two
subtypes of cells in same patient (plots with a red frame).
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Figure S9. Related to Figure 4.
(A-D) Enrichment analysis of differentially expressed genes in ductal cell subtypes using a
disease database (A), WikiPathway (B), KEGG (C), and Reactome (D). The dot size
indicates the gene ratio of input DEGs to the given gene set of the pathway, and the color
indicates the adjusted P values.
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Figure S10. Related to Figure 4.

(A) Histograms of the area under the curve in the recovery curve showing the cutoff value
to binarize the regulon activity, which was defined in the R package “SCENIC”.

(B) The relationship between subtype-specific transcription factors and their downstream
gene expression is shown in a heatmap, with genes indicated in rows. The black or white
colors indicate whether the gene is located downstream of the regulon or not, and
continuous color values indicate the average expression.

(C) Protein association network of ROCR1 from the STRING database.



detoxification- [ Biolagical oxidations - [ @ I
response ‘tgl ;orx&cé nso';j(li}ﬂsgg?ig:: c Metallcthioneins bind metals - | @ GeneRatio
celular response o foxic substance. Response fometal ions - | @ ® o
espnnse to zinc ion Phase Il - Cenjugation of compounds-| @ . 02
deloEbonse lo metal ion- ® Aftatoxin activation and detoxification -
stress response to copp er ion- Phase | - Functionalization of compounds - | @ . o3
odlu\ar oxidant detox calon 3 Synthesis of Prostaglandins (PG) and Thromboxanes (TX) - . 04
asponse mium ion p Translocation of ZAP-70 o Immunclogical synapse -
"’“””"‘g metsbolt: g;gﬁgg 4 Phosphorylation of CD3 and TCR zeta chains -
landin metabolic process - PD-1 signaling -
unsaturaled ,WO?H me«aggl;c process » DARPP-32 events -
S0pren ic process .
ly ide melabolc process- Acyl chaPm rsm;de\hr;agbzi‘ PE
amlm)glycmlde antibiotic metabolic process - ® yruvate metabolism -
doxorubicin metabolic process - 'Y Generation of second messenger molecules -
acetyl-CoA biosynthetic process from pyruvate- ® Response of EIF2AK4 (GCN2) to amino acid deficiency -
ansheathment of aeLions Celular response to starvation -
axon en s eammen L13a-mediated translational silencing of Ceruloplasmin expression -
Gucose L GTP hydrolysis and joining of the B0S ribasomal subunit -
regulation o RNA :P::g::g Eukaryolic Translation Initiation -
respon: m“g Cap-dependent Translation Initiation -
regulation of transp%r activity- Response of EIF2AK1 (HRI) to heme deficiency -
posive ﬁ&gﬂ;lg aﬁ"tngrd‘mmrﬁ' Uniolded Protein Response (UPR) -
eﬁanon o stem carﬂnmélhralm Formation of a pool M]:::é‘:‘g‘:’ ;"’Eg["‘:z -
fio protel -
i 'v&cuonse o!opé:lu »ca\ly mrauom‘act nvgslem Chemakine receptors bind chemokines - [ ]
regulation of rv.'.punse o endoplasmic reticulum stress - Peplide ligand-binding receptors -
w uter response 1o ““"’"‘e‘,‘“";“’gs Class A1 (Rhodopsin-like receptors) -
Iugbca\ly incor GPCR ligand binding -
ﬂnamagg&g@n@gﬁg G alpha () signaling events -
espens - opasmwc FansT Interleukin-10 signaling -
‘de novo' msmans Imna\ Rrotan iuldmg Signaling by Interleukins -
chemotaxis Interleukin-4 and Interleukin-13 signaling -
DE‘UWPM mgraton ed Nenrosls
granul emotaxis -
response fo I\DODO\ysaccnande 2 ™ ﬁ%ﬁ#’g’ rﬁgﬁen&m‘ éﬁfé f
1se to molecule of igin b il junction argani |za1\o [ ]
chemokine-mediated sk na\mg ¥ \nterferw gamma signaling -
r;\:ﬂw maration ® Interferon Signaling -
response to chemokme TRAF6 mediated NF-kB activation - ®
cellular F \nsellhé. Ehﬁmukme; 3 Extracellular matrix arganization -
epithelal cell developmen ECM proteoglycans -
cell sullltﬁirge a‘mﬁg Assembly of collagen fibrils and other multimeric structures -
regulation of epithelial cell differentiation- |  Geqeratic Laminin interactions -
cell adhesion w.leu:;w‘xb;?:a?ﬂ ® o Type | hemidesmosome assembly -
endothelial cell differentiafion-| @ oz L1CAM interactions -
\I%ev‘_ms reve}opmengr @ RUNXZ ‘ ao\la%e‘rfvelcrmahon—
endothelium develcpment- regulates osbzo last differentiation
negative regulation of epithelial cel difierentiation - o s pbrane-E p-adjust
defense response 1o virus (B e Interferon al hafb i 004
defense mponse lu s)ll“b\olﬂ. p.adust » Interferon alpha/beta signaling - oo
10 virus- Antiviral mechanism by IFN-stimulated genes -
negative regulation of viral b rephcalu:m oo 1SG15 antiviral mechanism - .
e a'l\;lﬁuffﬂgl‘gﬁ“ é‘:”"gng?é é’h’ggﬁ; 00 DDX58/IFIH1-mediated induction of interferon-alpharbeta - .
regulation of viral process oo Negative regulators of DDX58/IFIH1 signaling -
regu\a‘lmn of viral M‘ec cle- oot TRAF3-dependent IRF activation pathway -
viral genome replication o N
resDonsagtDWDe linterferon-|__| | Ub-specific processing proteasss-| | | |
0 1 p 7 0 1 4 6 7
(L ) (71)(35) (78) (81) (75)(24)(52)(29)(59)(66)
Metabolism of xenobiolics by cytochrome P450 - D Metapathway biotransformation Phase 1 and Il - (_‘,ene'__'hm .
Drug metabolism - other enzymes - Zinc homeostasis - °
Mineral absorption - 01
Drug metabolism - cytochrome P450 - NRF2 pathway - . 02
Chemical carcinogenesis - DNA adducts - Nuclear receplors meta-pathway -
Biesecretion-| @ Estrogen metabolism- | @ o
G'“g:?{:‘;mﬂm: 4 Aryl hydracarbon receptor pathway- | @
Chemical Eammugeﬂesls reaclive oxygen 1 Photodynamic therapy-induced unfolded pmte!n response -
Ascorbate and a\dsmle rnmabmsm Unfolded protein response -
Intestinal immune network for IgA production - [ ] Feroplosis -
Adhe:ens “”fé"‘a:: 3 Cytoplasmic ribosomal proteins -
Protein processing in endoclasmc)vebwlum ’ Endoplasmic reticulum stress response in coronavirus infection - [ ]
ibosome - Parkin-ubiquitin proteasomal system pathway - ®
Ferroptosis - IL-18 signaling pathway -
oo mw:‘;’g&:;‘“@é@'ﬁﬁ; Overview of proinflammatory and profibrotic mediators -
Antigen processing and presentation - Photodynamic therapy-induced NF-kB survival signaling -
Estrogen signaling pathway - SARS-CoV-2 innate immunity evasion and cell-specific immune response -
T“C:gf-:‘“""}:;sj 4 Network map of SARS-CoV-2 signaling pathway -
Longevity regulating pathway - mlﬁp\eT:ecle: g 'y miRNAs involvement in the immune response in sepsis -
TNF signaling pathway - Cells and molecules involved in local acute inflammatory responce -
Viral protein interaction with cymkme and cytokine receptor - Chemokine signaling pathway -
~kappa Rshssgna;‘n?d pal::‘vr:!y Spinal cord injury -
eumatoid arthritis -
Chemokine signaling pathway - Ebstein-Barr virus LMP1 signaling -
Cytckmetywme receplor interaction - Apoptosis -
~ 17 signaling pathway - Small cell lung cancer -
Epithelial cell signaling in Hehmhacter pylori infection-| ~ GeneRatio Tyoe I i 9 IFENG! ®
NOD-like receptor signaling pathway - ype Il interferon signaling (IFNG;) - [ ]
Influenza Focal adhesion -
Small \'.F%\Ic\ulngdganw - Primary focal segmental glomerulosclerosis (FSGS) -
al adhesion -
Hippo-Merlin signaling dysregulation -
ECH-receptor inleraction - p“;n nn-m%nate% cﬁ\ agnss on
Human pamhmawms infection - teg ion -
Proteoglycans in cancer - . 08 Malignant pleural mesothelioma -
”z‘.’;*.;":‘i."“ gaarflmg:@at:: - L Ebola virus pathway in host -
Akt signaling pathway - ’
Dilated cardiomyopathy -|  p.adjust Vitamin D receptor pathway -
Regulaticn of actin cyloskeleton - 00 PI3K-AKt signaling pathway - | oy op
Baclerial invasion of epithelial cells - Matrix metalloproteinases - 0.
;’Iﬂ*“;j 0o Immune response to tuberculosis - o0
ostein-Barr virus infocon- 002 pe | interferon induction and signaling durmg ’
RIG-I- hke lecevlor signaling pathway - o SARS C‘i\uw%a'r'n' R R e etion ol - oo
Cytosolic DNA-sensing pathway - Pathways of nucleic acid metabolism and innate immune sensing - 001
Herpes simplex virus T infection - é 1' ; P Novel intracellular components of RIG-I-like receptor (RLR) pathway -
I = =
(60)(23)(23)(45)(24)(49)(48) Cytosolic DNA-sensing pathway [

0 4 6 7
(70) (51) (32) (61) (58)

Figure S11. Related to Figure 5. (A-D) Enrichment analysis of differentially expressed
genes in malignant cell clusters using Gene Ontology Biological Process (A), KEGG (B),
KEGG (C), Reactome (C), and WikiPathway. The dot size indicates the gene ratio of input
DEGs to the given gene set of the pathway, and the color indicates the adjusted P values.
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Figure S12. Related to Figure 6.

(A) UMAP from all cell types showing the expression levels of marker genes for pan-CAFs,
inflammatory CAFs, and myofibroblast CAFs.

(B) UMAP plots showing the supposed classical CAF score and complement-secreting
CAF score.

(C, D) Marker expression of antigen-presenting CAFs in the UMAP from CAF subsets (C)
and all cell types (D).
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Figure S13. Related to Figure 6

(A) UMAP of the CAF subset or all cell types showing the expression levels of upregulated

CAFs and myCAFs.
Heatmap showing

genesini

(B)
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combinations of two CAF types and six malignant clusters.



