Supplementary Figures
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Fig.S1. Cellular landscape and functional features of driver-mutated NSCLC across patients and datasets
A) Density UMAP plots of canonical marker genes across cell populations. B) UMAPs by dataset, driver mutation, and patient. C) Stacked bar plots of major cell types per patient. D) Heatmap of 64 TIME cluster distributions across driver-mutated NSCLC samples.[image: ]
Fig.S2. Major functions and immune characteristics of TIME subtypes
[bookmark: OLE_LINK6]A) Top 10 most enriched Gene Ontology Biological Process (GO-BP) terms for each of the five TIME subtypes. B) Violin plots showing the scores of other immune gene sets across TIME subtypes. Chi-square test for statistical comparison.
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Fig.S3. Identification of TIME-associated malignant features
A) Heatmap showing CNV levels of epithelial cells inferred by inferCNV, with DC and NK cells used as reference. B) Violin plot illustrating CNV-based clustering using the K-means algorithm; red boxes indicate inferred malignant cells, and blue boxes denote normal cell populations. C) Evaluation of optimal cluster number for cancer cell GEs using multiple indices. D) Heatmap showing the results of consensus clustering, displaying the probability (p1–p13) of each generated signature being assigned to one of the 13 classes. Silhouette scores are shown for each class or GE. E) Boxplots showing the distribution of representative GE signature scores across NSCLC types with different driver mutations. Statistical significance was assessed using ANOVA.
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Fig.S4. Overview of cell–cell communication and metabolic patterns
A) An overview of cell–cell communication in CM2 and their associated GEs clusters. Circle size is proportional to the number of cells in each cell group. Edge thickness indicates the number (left) and the strength (right) of interaction between populations. The loops indicate cell types. B) An overview of cell–cell communication in CM5 and their associated GEs clusters. C) Heatmaps showing signaling pathways involved in the cell-cell communication processes between CM2 and their associated GEs clusters. D) Heatmaps showing signaling pathways involved in the cell-cell communication processes between CM5 and their associated GEs clusters. E) Heatmap showing metabolic pathway activity across distinct cell populations within CM2, CM5, and their associated GEs clusters. 
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Fig.S5. The core regulons of GEs from tumor cells in both CM2 and CM5
A) Scatter plots showing highly active TFs in CM2-related cancer cells (top) and CM5-related cancer cells (bottom). The top 10 TFs are highlighted in red. B) Malignant regulatory networks within CM2-related cancer cells (left) and CM5-related cancer cells (right). Circular nodes indicate HR-related ligand/receptor genes, and triangular nodes denote TIME-specific highly active TFs. C) ROC curves illustrating the predictive performance of the risk score for 1-, 3-, and 5-year overall survival in the training set (top) and validation set (bottom). D) Feature distribution of model-derived risk scores in the training cohort (left) and validation cohort (right). From top to bottom: scatter plot of risk scores, scatter plot of survival status, and clustering plot of patients. E) Sankey diagram illustrating the associations of the model-derived risk score and its nine constituent regulators with TIME cell subpopulations and driver mutation subtypes of NSCLC. The width of each flow represents the strength of the association.
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