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Supplementary Figure S1. Quality assessment and preprocessing of bulk RNA-Seq datasets. High-quality sequencing reads were confirmed across all datasets, ensuring reliable transcriptomic profiling. FASTQC analysis indicated excellent read accuracy, with no bases below a Phred quality score of 15. A total of 11,583,879,924 billion raw reads from four publicly available datasets (SRP303290, ERP106487, SRP336051, and SRP351557) were processed through standard data-cleaning and trimming pipelines. Following quality control, 9,268,804,273 billion high-quality reads were retained for downstream analyses, including 5,712,391,130 reads from SRP303290 dataset, 970,158,026 reads from ERP106487 dataset, 1,465,643,660 reads from SRP336051 dataset, and 1,120,611,457 reads from SRP351557 dataset. These preprocessing steps ensured robust data integrity and consistency across datasets.
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Supplementary Figure S2. Overview of scRNA-seq data preprocessing and dimensionality reduction. (A) Selection of the top 2000 highly variable genes. (B) PCA analysis showing sample distribution based on variable genes. (C) Elbow plots identifying top principal components. (D) Heatmaps highlighting gene expression patterns across key principal components. (E) VizDimLoadings dimensional reduction analysis for PC_1 and PC_2.


[image: ]Supplementary Figure S3. Alterations in B-cell and T-cell subpopulations in Crohn’s Disease and Ulcerative Colitis. Distinct immune cell composition changes were identified between normal and inflammatory bowel disease samples and highlighting disease-specific alterations in both B-cell and T-cell subsets. (A) In Crohn’s disease, a significant increase was observed in memory B cells and naïve B cells, while plasma B cells and immature B cells were notably reduced. Among T-cell subsets, CD4+ central memory T cells, CD4+ effector memory T cells, CD8+ naïve T cells, CD4+ T cells, and gamma-delta T cells showed increased abundance, whereas CD8+ central memory T cells were markedly decreased. (B) In Ulcerative colitis, plasma B cells, memory B cells, and naïve B cells were elevated, whereas immature B cells exhibited a sharp decline. For T-cell subsets, a modest decrease was noted in CD8+ naïve, CD4+ effector memory, and gamma-delta T cells, while CD8+ central memory T cells showed no increase compared to normal samples. These findings indicate differential remodeling of adaptive immune cell populations across Crohn’s disease and ulcerative colitis, reflecting distinct immune activation profiles in each condition.
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Supplementary Figure S4. Continued.
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Supplementary Figure S4. Functional enrichment analysis of marker genes in Crohn’s Disease and Ulcerative Colitis.  (A-D) GO and KEGG enrichment analyses of cell-type specific marker genes in the normal Crohn’s disease group revealed strong associations with T cell activation, B cell mediated immunity, antigen processing and presentation, and the NF-κB signaling pathway. (E-H) In the normal-ulcerative colitis group, enriched terms were mainly linked to immune receptor signaling, immunoglobulin-mediated response, cytokine activity, and pathways such as IgA production and NK cell mediated cytotoxicity. Together, these analyses highlight immune regulatory processes and signaling pathways differentially activated across disease conditions.
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Supplementary Figure S5. Signaling network analysis in B and T cell subpopulations in Crohn’s Disease. (A) In B cells subpopulation, the MIF and CD99 signaling networks revealed strong interactions between immature B cells and plasma cells. (B) In T cells subpopulation, the MHC-I signaling network was dominated by CD8+ central memory T cells, which communicated extensively with CD4+ central memory, CD4+ effector memory, CD8+ naïve, and gamma-delta T cells. Additionally, the MIF and CD45 signaling networks highlighted significant outgoing interactions from CD8+ naïve T cells, suggesting their role in modulating adaptive and innate-like T cell responses.
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Supplementary Figure S6. Signaling network interactions in B and T cell subpopulations in Ulcerative Colitis. (A) In B cells subpopulation, memory B cells showed strong outgoing interactions toward naïve B cells via the MIF and CD99 networks, while plasma cells communicated with naïve B cells through the CypA pathway, suggesting regulation of B cell maturation and early responses. (B) In T cells subpopulation, gamma-delta T cells acted as major signalers in MHC-I and MIF networks toward CD8+ central memory and CD4+ effector memory T cells, whereas CD8+ central memory and CD4+ effector memory T cells also engaged in significant outgoing interactions via CypA and CLEC pathways. The CD99 network further highlighted gamma-delta T cells as key communicators, indicating complex cross-talk between adaptive and innate T cell subsets.
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Supplementary Figure S7. Intersection of differentially expressed genes across bulk and single-cell RNA-seq in Crohn’s Disease and Ulcerative Colitis. CEACAM5 was identified as a common gene across all tissues and comparisons. Additional tissue-specific genes included NUAK1, CENPE (colon, Crohn’s disease), LGALS1, PDGFRA (colon, ulcerative colitis), CHI3L1, CALCRL, SERPINE1 (ileum, Crohn’s disease), ABL2 (ascending colon, Crohn’s disease), MMP12 (ascending colon, ulcerative colitis), MAPK10 (sigmoid colon, Crohn’s disease), PDGFRA (sigmoid colon, ulcerative colitis), ADAMTS4, MMP3 (terminal ileum, Crohn’s disease), and NAMPT (terminal ileum, ulcerative colitis).
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