SUPPLEMENTARY FIGURES AND LEGENDS

Single cell transcriptomic profiling identifies tumor-acquired and therapy-

resistant cell states in pediatric rhabdomyosarcoma

Sara G Danielli'”, Yun Wei>*%, Michael A Dyer®, Elizabeth Stewart>®, Heather
Sheppard’, Marco Wachtel, Beat W Schafer'”, Anand G Patel>® David M

Langenau?34#

Department of Oncology and Children’s Research Center, University Children's Hospital
of Zurich, Steinwiesstrasse 75, 8032 Zurich, Switzerland.

°Molecular Pathology Unit, Massachusetts General Research Institute, Charlestown, MA,
USA, 02129.

3Krantz Family Center for Cancer Research, Massachusetts General Hospital,
Charlestown, MA, 02129, USA.

4Harvard Stem Cell Institute, Cambridge, MA, USA.

SDepartment of Developmental Neurobiology, St. Jude Children’s Research Hospital,
Memphis, TN 38105, USA.

5Department of Oncology, St. Jude Children’s Research Hospital, Memphis, TN 38105,
USA.

"Department of Pathology, St. Jude Children’s Research Hospital, Memphis, TN 38105,
USA.

* These authors contributed equally

# These authors jointly supervised this work

Corresponding authors:

David M. Langenau, dlangenau@mgh.harvard.edu

Anand G. Patel, anand.patel2@stjude.org
Beat W. Schéfer, beat.schaefer@kispi.uzh.ch

Marco Wachtel. marco.wachtel@kispi.uzh.ch




Before RPCA correction After RPCA integration By model
NI NI
< <
o o
o o
‘ x 4
o o
N, < A <
<' = % %
4 = | ™ Patient W Wei et al.
~ ©, PDX M Patel etal.
Q o PDC M Danielli et al.
<§( % mcCL M Cheng et al.
=}
UMAP_RPCA 1 UMAP_RPCA_1
UMAP 1 UMAP_RPCA _1 - - - —
By subtype By cell cycle
20082 20696 © SJRHB010928_R1 Y subtyp o VS
aRMS-1 21202 © SJRHB010928_X1
aRMS-2 29806 ® SJRHBO11_D
aRMS-3 eRMS-1.1 ® SJRHBO11_X
aRMS-4 eRMS-1.2 ® SJRHBO12_ R
aRMS-5 eRMS-2.1 ® SJRHBO12_S ~ ~
KFR eRMS-2.2 ® SJRHBO12_Y < Pt
Mast118 eRMS-3.2 ® SJRHBO12 Z S S
Masto5 _ | © eRms—4 © SJRHB012405_D1 g g
Ko mskren17 @ eRMS-8.1 ® SJRHB012405_X1 | |
w|® MsK72117_SC u eRMS-8.2 ® SJRHB013758_D1 % %
£|e wmskezase £|* eRms-83 ® SJRHB013758_D2 = s
@|e Rha @ Mast111 ® SJRHB013758_X1 =) =)
= e Rh41 = Mast139 ® SJRHB013758_X2
%le Rus ; Mast139_SC ® SJRHBO30680_R1 EP.RMS
& |e surHBOtO468 D1 = Mast39 © SJRHBO30680_X1 EN-RMS
® SJRHB010468_X1 Mast85_r1 ® SJRHB049189_D1
® SJRHB013757_D2 Mast85_r2 ® SJRHB049189_X1
® SJRHBO13757_X1 » Mast85_r2_SC UMAP_RPCA_1 UMAP_RPCA_1
® SJRHBO13759_A1 © MSK74711
® SJRHB013759_A2 ® RD
® SJRHBO13759_X14 © SJRHB000026_R2
® SJRHB013759_X15 © SJRHB000026_R3
® SJRHB031320_D1 © SJRHB000026_X1
© SJRHB031320_X1 © SJRHB000026_X2
© SJRHB046156_At © SJRHB010927_D1
® SJRHB046156_X1 © SJRHB010927_X1
4 Gi ou:nd L SJRHB013758_X2/ SJRHB013758_X1/ SJRHB013757_X1/ SJRHB000026_X1/ SJRHB000026_X2/
5 e Mast139 Mast111 Mast95 Mast39 Mast85
2 B (n=4,500 cells) (n=3,000 cells) (n=3,000 cells) (n=3,000 cells) (n=6,000 cells)
10 . 5 . -
3
2o
] Ll G d
Sy Ground
g
3" .
~ g | for
7 [ Apoptosis
6 [ y ® Weietal. @ Pateletal
o Di
4 5 2103 01118 7 6 9

Louvain cluster

Poarson coef.

k)

o5 0 05 1

E 3
3
08 £,
o
< ) — i . .
H ® Progenitor TR-progenitor Ground ® Differentiated
0.6 UMAP_RPCA 1 Proliferative © TR-differentiated Apoptosis
s *
E<d m
204 *
o ':| s { ,—| SJRHB013758_X2/ SJRHB013758_X1/ SJRHB013757_X1/ SJRHB000026_X1/ SJRHB000026_X2/
0.2 Mast139 Mast111 Mast95 Mast39 Mast85
- é { . 1.00 1.00 1.00 =
5075 5075 5075 5075
0.0 = H H H H
050 5 0.50 8 0.50 5 050
$ @ > D> ] g 5 g g
S SRR R &o2s Eoos &oos &o2s
& S Q@ O &\fb &\fb &
\OQ’ @Q N @ @ @ Q° 0.00 = 0.00 0.00 0.00 =
< < O @ @ Aa
Q & & S o« = = © - Y - T © O «
S 9 2 2 X b= ol 2 X 2 ol 5B X
& I 3 B iog R 8 g g8 o g
AR 2 5 = 5 = g 2 %2 g 8
Cell state & 5 by s S = = g2 g
s 8 8 8 8 g 3
I I I I s I
< £ £ z z
FN-RMS (n = 44) 3 3 3 3 i
[Z1 FP-RMS (n = 26)
O MYOD14122R (n = 2) Il Progenitor [ TR-progenitor [] Proliferative [ Ground TR-differentiated Il Differentiated (] Apoptosis

Fig. S1. Integrated analysis of single cell and single nuclei sequencing of human
RMS. A) UMAP rendering of RMS cells before (left) and after RPCA integration (right).

Cells are colored based on sample as noted in the legend below the PCA plot. “ SC”,



single-cell derived PDX sample, “ D”, diagnostic, “ R”, recurrence, “_A”, autopsy, “ X".
xenograft. B) UMAP rendering of RMS cells colored by model, publication of origin, RMS
subtype, or cell cycle. C) Heatmap showing correlation matrix similarities of Louvain
clusters identified by integrated analysis of all RMS samples together. Clusters were
combined based on gene expression similarity and cell states are noted by dashed lines.
D) Comparison of relative cell state constitution across five PDX models sequenced
across different publications. UMAP plots (top) and bar plots showing cell state
composition (bottom). E) Compositional changes calculated with scCODA between
different RMS molecular subtypes. Asterisks denote statistically credible differences in

composition with a false discovery rate of < 0.05.
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Fig. S2. Gene expression across single cells from FN- and FP-RMS. A) Violin plots
showing module expression of progenitor and differentiated scores across different tumor
cell states identified in the combined RMS atlas. B) Scatter plots comparing individual cell

expression of progenitor and differentiated metaprograms across FN-RMS (left) or FP-

RMS samples (right). Cells/nuclei are colored by cycling status. C) Violin plots showing



expression of core-signature gene profiles that distinguish the two major RMS subtypes
as defined by Wei et al. . Left: Analysis of each tumor model. Right: Summary analysis
after combining all samples together. D) Violin plots showing expression of RMS-specific
module scores (progenitor, proliferative, differentiated and muscle lineage) across FN-
RMS and FP-RMS samples reanalyzed from DeMartino et al. [1] The muscle lineage
score of individual samples, ordered by increasing score, is shown on the right. Statistical

analysis used Student’s T-test comparison with p-values noted. AU, arbitrary unit.
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Fig. S3. Tripartite muscle intra-tumoral heterogeneity is largely retained across
patient and preclinical RMS models. A) UMAP renderings of FN-RMS, PAX7::FOXO1
and PAX3::FOXO1 FP-RMS. Cells/nuclei were integrated independently and colored
based on Louvain clusters (left) or by the expression of cell state metaprograms defined
in this publication (right). B) Upset plot of the shared marker genes for the progenitor,
proliferative and differentiated signatures derived from the subtype-specific analysis. The
progenitor signature shows little overlap among the three RMS subtypes (only 41 genes),
whereas the proliferative and differentiated signatures share a higher fraction of
overlapping genes across models. C) Analysis of tripartite muscle cell states in patient
tissue, orthotopic xenografts, primary cultures, or established cell lines. UMAP plots
comparing RMS subtype (left) and Violin plot quantitation (right). Adjusted p-values
calculated by one-way ANOVA (FN-RMS and PAX3::FOXO1 FP-RMS) or by Student’s

T-test (PAX7::FOXO1 FP-RMS).
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Fig. S4. Neuronal cell states are not retained in FP-RMS cell line and primary
cultures. A) Heatmap showing expression of the marker genes identified across tumor
cell states. Selected genes are displayed on the right. B) Dotplot showing expression of
tumor signatures across the identified cell states. Cells across each state were scored for
the top 50 genes identified for each RMS signature. Boxes denote highest scoring
correlations between assigned signature and cell state. C) Violin plot showing expression
of the PAX3::FOXO1 target gene signature identified in Gryder et al. [2] across the
identified FP-RMS (PAX3::FOXO1) tumor cell states, ordered by increasing scores. D)
Barplot showing the proportion of RMS cell states across each sample. E) UMAP plots of
integrated PAX3::FOXO1 FP-RMS samples colored by cell states and analyzed across
tumor models F) Quantification of the neuronal cluster fraction across PAX3::FOXO1 FP-
RMS samples. Ordinary one-way analysis of variance (ANOVA) with Dunnett’'s multiple

comparison correction. ****P < 0.0001).
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Fig. S5: Mapping RMS cells to human skeletal muscle development. A) UMAP plots

of cells profiled during human skeletal muscle development in Xi et al. [3] and reanalyzed

in this publication. Cells are colored by developmental time point (left) or cell type (right).

Post-natal samples include skeletal muscle tissues obtained from patients between the

ages of 7 and 42 years. B) Proportion of cell types across developmental time points.

Data reanalyzed from Xi et al. [3] C) Dotplot showing expression of marker genes of

human skeletal mesenchymal cells across the identified FN-RMS cell states. D) Barplot

showing the proportion of RMS cells mapping to cell types found in human skeletal muscle

development as defined by Xi et al. [3]. Cell types from human skeletal muscle

development were projected onto RMS cells using SingleR based on their most similar

developmental time point.
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Fig. S6. FN-RMS progenitor cells are increased following chemotherapy treatment.
A) Metaprogram scores from FN-RMS snRNA-seq datasets assigned across cells/nuclei
derived from untreated and treated FN-RMS patient tumors. P-values were calculated by
Student’s T-test. B) Comparison of metaprogram scores from eRMS-8 primary culture
samples that were obtained from a FN-RMS patient before (eRMS-8.1) and during
therapy (eRMS-8.2 and eRMS-8.3). P-values were calculated by one-way ANOVA. C)

RNA sequencing analysis of paired diagnostic and on-therapy resection FP-RMS tumors.

11



Metaprogram scores calculated using the RMS-atlas signature gene sets are shown. P-

values, Wilcoxon signed ranked test.
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