Supplementary Figure S1. (A) Bar graph depicting the similarity in latency from the start of the epileptogenesis process (the first day of electrical kindling or the day of kainic acid administration) to the third Class V (3ClassV) seizure between the two rat models. ns, p > 0.05. Data are plotted as mean ± SD, n = 5-8 rats. (B) Table detailing read number, ratio of good quality reads, guanine and cytosine (GC) content, and exon assignment of the RNA-seq data from rats having undergone 3 Racine Class V seizures (3ClassV) and sham rats. (C) Table detailing read length, average number of reads, ratio of good quality reads, guanine and cytosine content, detected CpG sites, and bisulfite conversion rates of the reduced-representation bisulfite sequencing (RRBS seq) data from rats having undergone 3 Racine Class V seizures and sham rats.
Supplementary Figure S2. Stacked bar chart illustrating estimated cell type fractions.  Cell type abundance was inferred on the basis using the CIBERSORT43 computational deconvolution approach with a mouse hippocampus-derived reference (Allen Brain Cell Atlas, class level with top 100 marker genes per class) mapped to rat genes for all samples. Each vertical column represents data from one animal from the kindling sham (KI_Sham), kindling experimental (KI_3ClassV), kainic acid sham (KA_ShamSaline), or kainic acid experimental (KA_3ClassV) groups. Among the 12 reference classes, 8 showed non-zero fraction values in our dataset: IT-ET Glut, intratelencephalic and extratelencephalic glutamatergic projection neurons; OB-CR Glut, olfactory bulb calretinin-positive glutamatergic neurons; OB-IMN GABA, olfactory bulb inhibitory and mossy-like GABAergic neurons; GABAergic interneurons, including CNU-MGE GABA (central nuclei medial ganglionic eminence-derived); Astro-Epen, astrocytes and ependymal glia; OPC-Oligo, oligodendrocyte precursor cells and mature oligodendrocytes; Vascular, vascular-associated cells; and Immune, immune-related cells (microglia and macrophages and other leukocytes). Overall significant differences were observed in the estimated fractions of neurons (Kruskal-Wallis p = 0.027) and oligodendrocytes (Kruskal-Wallis p = 0.024) across all samples. Subsequent post-hoc Dunn's tests identified a significant decrease in the oligodendrocyte fraction in the 3ClassV group compared to the Sham group in the KI model (P.adj = 0.045). No significant difference was observed for oligodendrocytes in the KA model (P.adj = 0.466). OPC, oligodendrocyte progenitor cells.
[bookmark: _Hlk208754885]Supplementary Figure S3. Genomic context of differentially methylated CpGs and overlap between DMR-associated genes and DMGs across pairwise comparisons. Pie charts showing the distribution of DMCs across promoters (±2 kb), exons, introns, and intergenic regions for the Kindling-Sham (A), Kainic Acid-Sham (B), Kindling-Kainic Acid (C), and Sham-Sham (D) comparisons (annotated with genomation). Numbers indicate category fractions. Venn diagrams comparing genes associated with tiling-based DMRs (methylKit) to DMGs (CpG-aggregated) for the Kindling-Sham(E), Kainic Acid-Sham (F), Kindling-Kainic Acid (G), and Sham-Sham (H) comparisons. Numbers within each panel indicate gene counts. The Sham-Sham comparison specifically refers to the comparison between the kindling sham and kainic acid sham groups.
Supplementary Figure S4. Gene expression and methylation pairwise comparison analysis between experimental and control groups within and between models. (A) Diagram showing the number of genes that were differentially expressed between sham and experimental groups within the kindling model (3,625) and the kainic acid model (349), as well as those between the sham groups in each model (14) and between the experimental groups in each model (1,182). (B) Four-way Venn diagrams of differentially expressed genes between the sham and experimental groups (Kindling, blue; Kainic Acid, red), between the two sham groups (purple), and between the two experimental groups (green). (C) Alluvial plot showing the cross-categorization of genes that were differentially expressed in the kindling model (left), differentially expressed in the kainic acid model (center), and differentially expressed between the two experimental groups (right). The color of each gene indicates the directionality of the change (Up, increased 1-fold; Down, decreased 1-fold; Up>2, increased 2-fold; Down<2, decreased 2-fold). (D) Diagram showing the number of genes that were differentially methylated between sham and experimental groups within the kindling model (1,269) and the kainic acid model (1,532), as well as those between the sham groups in each model (1,031) and between the experimental groups in each model (1,794). (E) Four-way Venn diagrams of differentially methylated genes between the sham and experimental groups (Kindling, blue; Kainic Acid, yellow), between the two sham groups (green), and between the two experimental groups (orange). (F) Alluvial plot showing the cross-categorization of genes that were methylated in the kindling model (left), differentially methylated in the kainic acid model (center), and differentially methylated between the two experimental groups (right). The color of each gene indicates the directionality of the change (Up>25, increased at least 25%; Down<25, decreased at least 25%). The Sham-Sham comparison specifically refers to the comparison between the kindling sham and kainic acid sham groups.
Supplementary Figure S5. Hierarchical clustering heatmap of all differentially expressed genes across seizure models. Z-score normalized expression heatmap of 4,165 unique DEGs from four pairwise comparisons. Samples (columns) are annotated by group (Kindling Sham, Kindling 3ClassV, Kainic Acid Sham, Kainic Acid 3ClassV). DEG counts: KI Sham vs KA Sham (n=14), Kindling 3ClassV vs KI Sham (n=3,625), Kainic Acid 3ClassV vs KA Sham (n=349), Kindling 3ClassV vs Kainic Acid 3ClassV (n=1,182). Hierarchical clustering used Euclidean distance and complete linkage.
Supplementary Figure S6. Methylated CpG sites within the five genes that were differentially methylated and expressed in both the kindling and kainic acid rat models. Line graphs depicting the methylation ratio (MR) of the genes Fcgbpl1 (A), Loxhd1 (B), Nedd9 (C), Ptpre (D), and Adcy4 (E). The x-axis depicts the location within the gene and has been normalized in length between genes. It should be noted that these locations are not exact coordinates but are evenly distributed based on the coordinates of the two CpG sites from each end, to allow easier visualization of the differences between the two groups. The y-axis depicts the degree of methylation at that locus on the gene. A methylation ratio of ‘1’ would indicate 100% consistent methylation at that site, whereas ‘0’ would indicate a consistent lack of methylation at that site. Areas of the gene with statistically significant differences in methylation between sham rats (blue) and treated rats (red), as assessed by methylKit, are highlighted in red. Data are plotted as mean ± SD.
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