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Figure S1. The imaging performance of the GGN–LUAD patients and PSN–LUAD patient.
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Figure S2. UMAP visualization was performed on the cells of 19 samples, color-coded by different cell subtypes.
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Figure S3. A. The proportion of each cell type was analyzed in normal control (NC), ground-glass nodules (GGN)–lung adenocarcinoma (LUAD) and part-solid nodules (PSN)–LUAD, as well as in NC, GGN–minimally invasive adenocarcinoma (MIA), GGN–invasive adenocarcinoma (IAC), GGN–metastatic lung cancer (MLC), PSN–MIA, PSN–IAC and PSN-MLC. B. Cellular composition analysis of twelve cell types among NC, GGN–LUAD, and PSN-LUAD patient groups. C. Cellular composition analysis of twelve cell types among NC, GGN–MIA, GGN–IAC, and GGN–MLC patient groups. D. Cellular composition analysis of twelve cell types among NC, PSN–MIA, PSN–IAC, and PSN–MLC patient groups. The lower hinge, middle line, and upper hinge of boxplots represented the first, second, and third quartiles of the distributions. The upper and lower whiskers corresponded to the largest and smallest data points within the 1.5 interquartile range, with all actual data values plotted as dots adjacent to the boxplots.
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Figure S4. A. The heatmap displays the expression levels of specific cell markers within epithelial cell subpopulations. Each row represents an individual cell marker, while each column represents a specific cell subpopulation. B. The RNA velocity analysis reveals the developmental trajectory of the macrophage lineage within the epithelial cell population. C. The activity of cell cycle score for each cell. D. The heatmap displays the expression levels of specific cell markers within epithelial cell subpopulations. Each row represents an individual cell marker, while each column represents a specific cell subpopulation. E. The proportion of vascular-associated endothelial cells was analyzed in normal control (NC), GGN–minimally invasive adenocarcinoma (MIA), GGN–invasive adenocarcinoma (IAC), GGN–metastatic lung cancer (MLC), PSN–MIA, PSN–IAC and PSN-MLC.
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Figure S5. A. Heatmaps demonstrate the expression levels of specific cell markers in myeloid cell subsets. B. The proportion of myeloid cell subsets was analyzed in normal control (NC), GGN–minimally invasive adenocarcinoma (MIA), GGN–invasive adenocarcinoma (IAC), GGN–metastatic lung cancer (MLC), PSN–MIA, PSN–IAC, and PSN–MLC. The Y-axis represents the ratio of the target cell count to the total cell count within each group (%), with groups represented by different colors. C. Diagram illustrating the inferred CXCL9+ tumor-associated macrophages (TAMs) cell differentiation pathway by Monocle. Pseudotime is shown colored in a gradient from dark to light blue, and start of pseudotime was indicated. D. Illustrates the development trajectory of different samples. E. The cellular evolutionary trajectory of CXCL9+ TAMs: Top 50 Differentiation-Related Gene Expressions and GO Enrichment. Genes (rows) were clustered into three modules, and cells (columns) were ordered according to pseudotime. Red indicates high expression, while blue indicates low expression. F-G. KEGG (F) and GO (G) annotations of genes associated with the differentiation trend of CXCL9+ TAMs are shown. The dot size represents the number of genes, and the color scale represents the adjusted p value.
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Figure S6. A. An illustration of the inferred differentiation pathway of TREM2+ tumor-associated macrophages (TAMs) based on Monocle analysis is shown. Pseudotime is visually represented by a gradient from dark to light blue, indicating the initiation of pseudotime. The developmental starting point is on the right, and the developmental endpoint is on the left. B. The developmental trajectory of different samples is demonstrated. C. The proportion of each TAM cell type was analyzed in normal controls (NC), GGN–minimally invasive adenocarcinoma (MIA), GGN–invasive adenocarcinoma (IAC), GGN–metastatic lung cancer (MLC), PSN–MIA, PSN–IAC, and PSN–MLC. D. The pseudotime heatmap displays the involvement of relevant genes in the differentiation process of TREM2+ TAMs. Based on their expression trends, the clusters with the largest changes along the pseudotime trajectory were divided into three clusters, and the representative processes for each cluster were shown. E. GO annotation of genes associated with the differentiation trend of TREM2+ TAMs is shown. The dot size represents the number of genes, and the color scale represents the adjusted p value.
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Figure S7. A-D: Bar plots of the percentages of T cells (A), B cells (B), T cell subsets cells(C-D) type among normal control (NC), ground-glass nodules (GGN)–lung adenocarcinoma (LUAD) and part-solid nodules (PSN)–LUAD groups. The Y-axis represents the ratio of the target cell count to the total cell count within each group (%). Groups are shown in different colors. The error bars represent each group's ± standard error of the mean. We used the t-test to calculate the significance of differences in cell proportions between the experimental groups. *p< 0.05; **p < 0.01; ***p < 0.001.
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Figure S8. External single-cell transcriptome data validation confirms the annotation and clustering of macrophage, T cell, and B cell subpopulations. A, C and E. UMAP plots illustrating subsets of myeloid cells (A), T cells (C) and B cells (E) derived from tumors and tumor-adjacent normal tissues, color-coded by different macrophage cell subtypes. Each dot represents a single cell, with the color indicating the cluster origin. B, D and F: Heatmaps demonstrate the expression levels of specific cell markers in subsets of myeloid cell (B), T cell subsets (D), and B cell subsets (F).

[bookmark: _Hlk157126676][image: ]
Figure S9. A-F. Comparative analysis of cell-cell interactions between normal control (NC) and ground-glass nodules (GGN)–minimally invasive adenocarcinoma (MIA) (A), GGN–MIA and GGN–invasive adenocarcinoma (IAC) (B), GGN–IAC and GGN–metastatic lung cancer (MLC) (C), NC and part-solid nodules (PSN)–MIA (D), PSN–MIA and PSN–IAC (E), PSN–IAC and PSN–MLC (F). The total occurrences of interactions were calculated for each specific cell pair within the mentioned comparisons. A deeper red color indicates a higher interaction intensity.
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Figure S10. A. A schematic representation of sgRNA (top) and Kras cDNA (bottom) expression plasmids is shown. B. Gene sequencing peak maps of Kras (top) and Trp53 (bottom) in the plasmid are shown. The box indicates the 12th amino acid and its codon in the Kras gene, as well as the Cas9 target sequence of Trp53. C. Fluorescence images of plasmid transfection in 293T cells (24h) and mouse lung organoids (48h) transduced by viral vectors are shown. Scale bar: 200 μm. D. T7 endonuclease 1 (T7E1) assays were performed on Trp53 using the infected organoids. E. Relative expression levels of Kras in WT, Trp53-/- and TK organoids were measured by real-time quantitative PCR. Data are shown as mean±SD. The significance was calculated using a two-sided Student’s t-test. F. The Integrative Genomics Viewer displays the mutation site of Kras in TK organoids. The box indicates the 12th amino acid and its codon in the Kras gene. G. Representative micro-CT images of TK mice models at 3, 7, and 11weeks are shown. The circled area indicates the tumor regions.
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