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sFigure 1. Principal component analysis and gene set enrichment analysis of bulk RNA‑seq data, related to Figure 1. (A) Principal component analysis (PCA) plot of transcriptomic profiles from all samples, with each dot representing an individual sample colored by post‑stroke time point. (B–E) Gene set enrichment analysis (GSEA) plots validating metabolic pathway regulation at critical time windows: (B) Glycolysis at 24 h; (C) Glycolysis at 3 d; (D) Oxidative phosphorylation at 12 h, showing a negative enrichment profile; (E) Fatty acid metabolism at 24 h. Normalized enrichment score (NES) and nominal P value are displayed on each plot.
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sFigure 2. Mendelian randomization analysis of glycemic/lipid-related disorders and stroke, and quality control metrics of single-nucleus RNA-seq. (A) Leave-one-out sensitivity analysis for diabetes/hyperlipidemia, displaying the IVW estimate after sequential removal of each SNP. (B) Forest plot of causal effect estimates (MR-Egger and IVW) for diabetes/hyperlipidemia on ischemic stroke. (C) Funnel plot evaluating directional pleiotropy for diabetes/hyperlipidemia. (D) Scatter plot of SNP-exposure and SNP-outcome associations with IVW and MR-Egger regression lines for diabetes/hyperlipidemia. (E-H) Corresponding analyses for lipoprotein metabolism disorder as the exposure: (E) Leave-one-out plot; (F) Forest plot; (G) Funnel plot; (H) Scatter plot. For MR analyses, error bars represent 95% confidence intervals and IVW-derived P values are shown. (I) PCA of single-nucleus RNA‑seq samples based on highly variable genes, colored by experimental condition. (J) UMAP embedding colored by seven major cell types. (K) Dot plot validating the expression of canonical marker genes used for cell-type annotation.、
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sFigure 3. (A) Total daily food consumption in A/L and eTRF mice, showing no significant difference. ns, not significant, (n=5). (B) qPCR analysis of glucose and lipid transport-related genes (Cpt1a, Cpt2, Pgc1α, Glut1, Glut3). (n=5); (C) Principal component analysis (PCA) of the cortical metabolome . (D-H) Box plots or bar graphs showing individual levels of key differential metabolites, including 2-hydroxypalmitic acid, 16-hydroxypalmitic acid, and representative acylcarnitines. (I) Lactate levels in the brain (n=3) (J, K) Relative abundance of citrate and isocitrate in the ischemic cortex. (L) Metabolite set enrichment analysis indicating no significant alteration in the TCA cycle pathway. 
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sFigure 4. Validation of ketogenic gene regulation and BDH1 expression dynamics. 
Relative mRNA expression of Acat1 and Scot and Bdh1 in the brain . (B) Western blot analysis of BDH1 protein levels in the ischemic brain at 1, 2, and 4 days post-I/R, illustrating the acute suppression and gradual recovery of BDH1. (C) Cell viability of astrocytes cultured in 5.25, 3.5, and 1.75 mM low-glucose serum-free medium for 12 h, and at 12, 24, and 48 h (n = 5). (D) qPCR analysis of glucose and lipid transport‑related genes (Cpt1, Cpt2, Pgc-1α, Glut3) in astrocytes (n = 5). (E) Relative mRNA expression of ketone body-related genes (Acat1, Scot, Bdh1) in astrocytes.(n = 5). (F) Representative western blot densitometric quantification of BDH1 protein levels in primary astrocytes. (G) Immunofluorescence co-staining for BDH1 (red) and GFAP (green) in astrocytes with quantification of BDH1 fluorescence intensity in GFAP⁺ cells. Scale bar, 50 μm.(n=5). **P<0.01; ***P<0.001;##P<0.01; ###P<0.001 Mean±SEM, T-test,One-way ANOWA, Two-way ANOWA.
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sFigure 5 (A) Western blot analysis of BDH1 protein levels in astrocytes subjected to OGD for 0.5, 2, 4, and 6 h. (B-D) BDH1 expression in neurons(B), brain endothelial cells(C),and microglia (D). ***P<0.001 Mean±SEM, T-test,One-way ANOWA, Two-way ANOWA.
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[bookmark: _GoBack]sFigure 6.(a) Western blot validation of BDH1 knockdown efficiency. (B) Western blot analysis and quantification of cleaved Caspase‑3 and Bax protein levels in astrocytes (C) Western blot confirmation of mitochondrial protein isolation purity from astrocytes. (D) Western blot analysis of cleaved Caspase-3, Bax, and Bcl-2 in mitochondrial fractions.(n =4) (E) Immunofluorescence co-localization of GFAP, TOM20, and Bax or cleaved Caspase-3with quantification (n =5). (F) Slfn2 Validation of Knockout Efficiency. (G)mNSS score evaluates the neurological function of mice(n=8).#P<0.05; *P<0.05; **P<0.01; ***P<0.001;##P<0.01; ###P<0.001 Mean±SEM, T-test,One-way ANOWA, Two-way ANOWA.
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