Gene-interaction perturbation network analysis identifies distinct subtypes and actionable targets for aggressive thyroid cancer: an integrative multi-omics and machine learning approach for precise medicine
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Supplementary Figure S1: Marker genes for each subtype were identified and shown in a 3D volcano plot, and principal component analysis (PCA) shows clear dissimilarity among the three subtypes based on these marker genes.
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Supplementary Figure S2: RSFrs retained its prognostic value in each subgroup in the TCGA-PTC cohort (stratified by pathological stage, gender, focal type, age, and BRAF status). The details of the HR and 95% CIs were shown in the last panel.
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Supplementary Figure S3: A density plot of the mean CERES (CRISPR-knockout sensitivity score) values across all genes. CERES < -2: Heavily dependent; -2 < CERES < -1: Moderately dependent; -1 < CERES < -0.25: Mildly dependent; -0.25 < CERES < 0.25: Survival-independent; CERES > 0.25: Survival-suppression.



[image: ]
[bookmark: _Hlk191474380]Supplementary Figure S4: (A) The free energy landscape in the molecular dynamics simulation analysis. Detailed parameters including (B) Root Mean Square Deviation (RMSD), (C) Radius of Gyration (Rg), (D) Solvent Accessible Surface Area (SASA), (E) hydrogen bond number, and (F) Root Mean Square Fluctuation (RMSF) values were estimated through molecular dynamics simulation analysis. These results further revealed the high affinity of gemcitabine binding to the RRM1 protein.
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Supplementary Figure S5: (A) Ten major cell populations were identified in the PTC-TME using UMAP reduction, and the expression landscape of the marker genes for each cell type (Epithelial cell, NK/CD8+ T, CD4+ T, B, Plasma, Fibroblast, Monocyte, Macrophage, Tprolif, and endothelial cell) was shown in (B) an expression heatmap and (C) expression density plot.
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Supplementary Figure S6: The RRM1 mRNA is significantly downregulated in HCT116 cells treated with two siRNAs targeting MYC. Data from GSE87693 dataset (n.ctrl = 4, n.siRNA1 = 4, n.siRNA2 = 4; all p-values < 0.001). 
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Supplementary Figure S7: Three plasmids for (A) RRM1 promoter (wt), (B) RRM1 promoter (mut), and (C) c-MYC were designed and illustrated.
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