Figure S1. Overview of the study design. Schematic representation of core epilepsy-
associated gene identification and mechanistic exploration via weighted gene
coexpression network analysis (WGCNA), mitochondrial gene screening, Mendelian
randomization, functional enrichment analysis (clusterProfiler), gene set enrichment
analysis (GSEA), gene set variation analysis (GSVA), and correlation analysis.
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Figure S2. Leave-one-out analysis. A—C, Funnel plots assessing bias for key genes. D—
F, Forest plots of single-nucleotide polymorphisms (SNP)-specific effects.
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Figure S3. Heterogeneity assessment via leave-one-out analysis. A—C, Sequential
exclusion of individual genetic variants to evaluate causal effect robustness on outcome
variables.
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Figure S4. Immune cell composition. Relative abundances of 22 immune cell subtypes.

I

Control group Disease group

1008 -
= B cells naive

= B cells memory

= Plasma cells

T cals CD8

T cells CD4 naive

T cells CD4 memory resting

T cells CD4 memory activated
T calls follicular helger

T calls regulatory (Tregs)

T cells gamma delia

NK cells resting

NK ealls activaied

= Monacytas

= Wacrophages Ma

= Macrephages M1

= Wacraphages M2

= Dendritic cells resting

Refaie Peresnt

= Dendritic cells activated
= Mast cells rasting

= Mast cells activated

= Eosinophils

= Neutrophils

o

£

&

4

SESSSESSS LT L T L T L R L P LT T



Figure S5. Key gene-immune infiltration correlations. A, Immune cell intercorrelation
matrix: blue (negative), red (positive). B, Differential immune cell abundances: blue
(controls), yellow (patients). C, Key gene-immune cell correlations: blue (negative), red
(positive). Data are reported as median and interquartile range. *P<0.05; **P<0.01;
***P<0.001 (Wilcoxon test).

A Neutraphils| ~
Eosinophils

*p<0.05
*p <001

Mast colls actvatad
colls activato —
Dendritic cells activated || 58

Macrophagas M2

Macsophages M1

Correlation
Macrophages MO 08BPLIA
arson
Correlation
10

Mongcyles|
NK cells activated

NK calls resting 03

T cells gamma defta|
T calls regulatory {Tregs)
T cells CD4 memory activated

00

- | HAGH

T cells CD4 memory resting
T celis CD4 naive|

Tcells CD8

B colls memory | =

B cells nawel! - -

FEFFOP I OF SO PP

S SRl
LTS eSS

5y 8% & o
SSRGS E g AT S
% «@Qu%é@‘s@‘ﬁ T FEE e
[ B
oty
A
B
@
S

Tissue £ Convol | Diseass

04

Fraction
02 03
T

0.1

-
b
|

Yo | I
-
[D, W
4|:D7
_D],_
I
|
k
I]}_
|

(\“’Q & i > & &
© & & & & 9 & © & s’@
& & &« & ‘éé"‘ AT o F Py A A
& & 5?6@‘3:\ . f@ & & & ¢ & .f{&g &



Figure

S6.

Key gene-immunomodulator

correlations.

A, Chemokines; B,

immunosuppressors; C, immunostimulators; D, MHC molecules; and E, receptors. Color

scheme: blue (negative), red (positive).
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Figure S7. eQTL-GWAS colocalization of key genes. A, HAGH; B, OSBPL1A; and C,
PANK2.
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Figure S8. Transcriptional regulation analysis. The top area under the curve (AUC) motifs
are shown in red (mean recovery curve), green (meanstSD), and blue (current motif
curve). Maximum enrichment level determined at peak separation between the current
motif and the green curve (means+SD). Insets: individual motifs. The top three motifs
according to the normalized enrichment score (NES) are displayed.
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Figure S9. Nomogram and receiver operating characteristics (ROC) analysis. A, Key
gene expression regression coefficients. B, Nomogram performance validation. C,
PANK2 ROC curve (area under the curve, AUC). D, HAGH ROC curve (AUC). E,
OSBPL1A ROC curve (AUC).
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