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Supplementary Fig. 1. Domain structures of planarian
core matrisome proteins dd_855 Domain architectures from SMART database 1, along with signal 
peptide prediction (red), and low complexity regions (pink) for all 
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Supplementary Fig. 2. Gene set enrichment analysis shows enrichment of matrisome genes in muscle cells
Graphs show gene set enrichment for indicated matrisome or control gene sets (Supplementary Table 3) in different cell types. 
Average log fold change of each cell type vs all other cells was ranked, and the genes within each gene set are indicated by bars 
and colored by cell type as in Fig. 2a. Normalized enrichment score and adjusted p-values are indicated beside each graph with 
significant enrichment indicated in bold.
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Supplementary Figure 3

Supplementary Fig. 3. Expression of matrisome components in different cell 
types using SCS data
Each circle within the table represents the expression of a gene (column) in a 
particular cell type (row) within the SCS data. Each circle is colored by average 
expression across expressing cells within the cell type and sized proportional to the 
percentage of cells within the cell type that express the gene. The expression of 
high confidence matrisome genes in the 44 clusters of the entire SCS data, 
numbered as shown in the tSNE plot 2.
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Supplementary Fig. 5. Planarian collagen co-expression demonstrated by FISH
a Table shows co-expression numbers (double positive/row single positive) and percentages. Counts reflect co-expression numbers 
counted on the ventral side in 1 animal as representative of 4 animals. Shade of blue is proportional to co-expression percentage. b 
Single confocal slices of collagen type IV expression in the body-wall with colF-2 3 and expression in the pharynx. This is likely 
pharynx muscle given co-expression with mhc-1 as shown in a.  Images representative of 4 animals. Scale bar, 100 m. 
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Supplementary Fig. 6. Muscle is the major source of ECM in independent datasets
The muscle cluster is defined by expression of genes encoding different matrisome subsets, using high confidence matrisome genes 
except for the first row, secreted PCGs, and  genes encoding homologs of protein secretion machinery as shown by average expression 
of the gene set within each cell. Area under curve (AUC) value from roc analysis (false positive rate vs true positive rate) shows the ability 
of the average expression module shown to correctly classify muscle cells. For completeness, all plots are shown here, duplicating 
images shown in Fig. 2a,d and Figure 6. Data from Fincher et al, 2018 2, Plass et al, 2018 4, and Wurtzel et al, 2015 5.   
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Supplementary Figure 9. Inhibition of hmcn-1 
leads to ectopic neoblasts. a The small number 
of colF-2- hmcn-1+ cells are found near the pharynx 
cavity. Scale bar 10 mm. b Stainings of nuclei (Dapi), 
neoblasts (smedwi-1), epidermal lineage cells (prog-
2), and secretory cells (mag-1) show that inhibition 
of hmcn-1 results in ectopic cell localization outside 
the parenchyma along the anterior-posterior and 
dorsal-ventral axes. Portions of these images are 
shown in Fig. 4e. c Individual channels of Figure 4d, 
right panel, showing the expression of neoblasts and 
neoblast progenitors at various z planes. d Ectopic 
secretory and muscle cells are found above the 
negative space normally occupied by muscle fibers. 
Scale bar 10 mm. e Live images of worms after 36 
days of RNAi. Total number of animals with unpig-
mented spots from 3 independent RNAi experiments. 
Unless specified, anterior up, RNA probes, scale bar 
100 mm, 36 days RNAi, fractions indicate number of 
total animals from 2 independent RNAi experiments 
with phenotype shown in representative image.
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Supplementary Figure 10. Inhibition of hmcn-1 at early timepoints does not disrupt neoblasts
a hmcn-1(RNAi) animals at 20 days of RNAi show a slight disorganization of 6G10+ muscle fibers and absence of 
hmcn-1. b At this early timepoint, hmcn-1(RNAi) animals show slight ruffling (4 RNAi experiments, 1 with 30% pene-
trance otherwise 100%) and normal blastema formation. Scale bar 200 mm. c H3P+ (* indicates debris) dividing neo-
blasts shown as mean with standard deviation (Two-sided Student’s t-test). Scale bar 100 mm. d-f mRNA-sequencing 
of three biological replicates (columns) of pooled tail fragments. d,f Heatmap of the log2 fold change of hmcn-1(RNAi) 
over control animals for expression of individual genes (d, hmcn-1, f) or for an average of all genes marking a specific 
cell type (genes with AUC > 0.8) 3. e Neoblast genes (averaged in d), shown as expression z-score show little change 
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of total animals from 2 independent RNAi experiments with phenotype shown in representative image.
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Supplementary Fig. 12. Vertebrate connective tissue expresses ECM components
Murine SCS data from Mouse Cell Atlas 7 and Tabula Muris 8 embedded as tSNE plots was overlaid with average expression of 
murine matrisome components, including core matrisome components conserved between mouse and planarians, and 
average expression of genes in the protein secretion module (Supplementary Data 3). Muscle and connective tissues are 
highlighted in the cell type plots.
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Supplementary Fig. 13. Mouse Cell Atlas 7 expression of signaling components
Average expression of murine gene subsets are plotted on the cell embeddings. Number in square brackets indicates 
number of ligands averaged for each family of signaling molecules.
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Supplementary Fig. 14. Tabula Muris 8 Droplet SCS data expression of signaling components
Average expression of murine gene subsets are plotted on the cell embeddings. Number in square brackets indicates 
number of ligands averaged for each family of signaling molecules.
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Supplementary Figure 15

Supplementary Fig. 15. Tabula Muris 8 FACS SCS data expression of signaling components
Average expression of murine gene subsets are plotted on the cell embeddings. Number in square brackets indicates 
number of ligands averaged for each family of signaling molecules.
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