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Supporting materials

Supplementary Table 1
Number of SNPs tested per LDSC genetic correlation analysis.
	Epilepsy phenotype
	Alpha
	Beta
	Delta
	Theta

	ILAE focal
	842636
	843077
	842616
	842616

	ILAE GGE
	842636
	843077
	842616
	842616

	ILAE CAE
	864641
	863614
	863614
	863614

	ILAE JAE
	864641
	863614
	863614
	863614

	ILAE JME
	864641
	863614
	863614
	863614

	ILAE GTCS
	864641
	863614
	863614
	863614

	Epi25 focal
	288911
	288902
	288902
	288902

	Epi25 GGE
	288911
	288902
	288902
	288902



Supplementary Table 2
How all EEG power spectra are correlated may be found in this correlation matrix of Spearman correlations (N=8,425). All p-values were well below e-17. 
	           
	Delta   
	Theta
	Alpha
	Beta 

	  Delta
	1   
	
	
	

	  Theta
	0.7002  
	1
	
	

	  Alpha
	0.3004  
	0.5422  
	1
	

	  Beta
	0.4232  
	0.5247  
	0.6252  
	1





Supplemental Table 3
Summary table of LDSC genetic correlation analyses (p1=phenotype 1; p2=phenotype 2; rg=genetic correlation; se=standard error; z=z-score; p=p-value; h2_obs, h2_obs_se=observed scale h2 for phenotype 2 and standard error; h2_int, h2_int_se=single-trait LD Score regression intercept for phenotype 2 and standard error; gcov_int_se=cross-trait LD Score regression intercept and standard error. Note: Focal epilepsy showed low SNP heritability and z-score<2, which makes the genetic correlation estimates less reliable.
	p1
	p2
	rg
	se
	z
	p
	h2_obs
	h2_obs_se
	h2_int
	h2_int_se
	gcov_int
	gcov_int_se

	alpha
	All epilepsy
	0.0591
	0.1286
	0.4595
	0.6459
	0.1327
	0.0202
	1.1693
	0.0125
	0.0032
	0.007

	alpha
	Focal epilepsy
	-0.1652
	0.2784
	-0.5934
	0.5529
	0.0356
	0.0206
	1.1704
	0.0107
	0.0008
	0.0069

	alpha
	GGE
	0.1569
	0.107
	1.4664
	0.1426
	0.323
	0.033
	1.1036
	0.0134
	0.005
	0.0078

	alpha
	CAE
	0.1274
	0.1731
	0.7361
	0.4617
	1.005
	0.22
	1.0724
	0.0107
	0.0106
	0.007

	alpha
	JAE
	-0.041
	0.22
	-0.1863
	0.8522
	1.1673
	0.3377
	1.0486
	0.0094
	0.0096
	0.0074

	alpha
	JME
	0.2879
	0.1414
	2.0358
	0.0418
	1.0461
	0.1711
	1.0551
	0.0118
	-0.0031
	0.0074

	alpha
	GTCS
	0.0085
	0.217
	0.0391
	0.9688
	1.8076
	0.5777
	1.0297
	0.0096
	0.002
	0.0064

	beta
	All epilepsy
	0.3032
	0.1895
	1.5996
	0.1097
	0.1326
	0.0202
	1.1694
	0.0125
	-0.0056
	0.0075

	beta
	Focal epilepsy
	0.1414
	0.3661
	0.3861
	0.6994
	0.0356
	0.0206
	1.1704
	0.0107
	-0.0052
	0.0069

	beta
	GGE
	0.4436
	0.1766
	2.5124
	0.012
	0.3229
	0.033
	1.1036
	0.0134
	-0.004
	0.0075

	beta
	CAE
	0.3906
	0.2376
	1.6439
	0.1002
	1.0047
	0.2197
	1.0724
	0.0107
	0.0043
	0.0065

	beta
	JAE
	0.4928
	0.304
	1.6212
	0.105
	1.1689
	0.3375
	1.0485
	0.0094
	-0.0038
	0.0069

	beta
	JME
	0.5568
	0.2197
	2.5341
	0.0113
	1.0463
	0.1711
	1.055
	0.0118
	-0.0085
	0.0071

	beta
	GTCS
	-0.0771
	0.3153
	-0.2445
	0.8068
	1.8064
	0.5784
	1.0297
	0.0096
	0.0117
	0.0067

	delta
	All epilepsy
	0.1162
	0.1604
	0.7245
	0.4688
	0.1326
	0.0202
	1.1694
	0.0125
	-0.009
	0.0072

	delta
	Focal epilepsy
	0.0798
	0.3192
	0.2498
	0.8027
	0.0356
	0.0206
	1.1704
	0.0107
	-0.0084
	0.0071

	delta
	GGE
	0.1392
	0.1237
	1.1256
	0.2603
	0.3229
	0.033
	1.1036
	0.0134
	-0.0069
	0.0074

	delta
	CAE
	0.0007
	0.1829
	0.0041
	0.9967
	1.0047
	0.2197
	1.0724
	0.0107
	-0.0019
	0.0066

	delta
	JAE
	-0.0654
	0.2071
	-0.3158
	0.7521
	1.1689
	0.3375
	1.0485
	0.0094
	-0.0003
	0.0068

	delta
	JME
	0.2014
	0.1579
	1.2756
	0.2021
	1.0463
	0.1711
	1.055
	0.0118
	-0.0071
	0.0073

	delta
	GTCS
	0.0742
	0.2609
	0.2843
	0.7762
	1.8064
	0.5784
	1.0297
	0.0096
	-0.0055
	0.0066

	theta
	All epilepsy
	0.2269
	0.1271
	1.7848
	0.0743
	0.1326
	0.0202
	1.1694
	0.0125
	-0.0099
	0.007

	theta
	Focal epilepsy
	0.0757
	0.2926
	0.2587
	0.7958
	0.0356
	0.0206
	1.1704
	0.0107
	-0.0073
	0.0073

	theta
	GGE
	0.2498
	0.1058
	2.36
	0.0183
	0.3229
	0.033
	1.1036
	0.0134
	-0.0034
	0.007

	theta
	CAE
	0.2615
	0.1874
	1.3952
	0.163
	1.0047
	0.2197
	1.0724
	0.0107
	-0.002
	0.007

	theta
	JAE
	-0.0099
	0.1943
	-0.0508
	0.9595
	1.1689
	0.3375
	1.0485
	0.0094
	0.0056
	0.007

	theta
	JME
	0.2838
	0.1344
	2.112
	0.0347
	1.0463
	0.1711
	1.055
	0.0118
	-0.0082
	0.0068

	theta
	GTCS
	0.0438
	0.2376
	0.1842
	0.8539
	1.8064
	0.5784
	1.0297
	0.0096
	0.0017
	0.0067




Supplemental Table 4. 
Mendelian Randomization results (in bold: significant results after multiple testing correction). 
	Outcome 
	Model 
	N instrument 
	N*
	OR (95%CI)
	P

	Alpha
	IVW-fixed
	8
	5
	1.470(0.935-2.312)
	0.095

	
	Weighted median
	8
	5
	2.017(1.069-3.808)
	0.031

	
	MR egger 
	8
	5
	0 (0-182.998)
	0.546

	
	MR egger (intercept)
	8
	5
	0.053 ± 0.068

	0.487

	
	GSMR (r2<0.01)
	8
	5
	1.473 (0.927-2.339)
	0.101

	
	GSMR (r2<0.1)
	11
	7
	1.173(0.820-1.678)
	0.381

	
	GSMR (r2<0.15)
	12
	8
	1.238 (0.874-1.755)
	0.228

	
	GSMR (r2<0.2)
	14
	9
	1.346 (0.953-1.900)
	0.091

	Beta
	IVW-fixed
	8
	5
	1.454 (0.925-2.286)
	0.105

	
	Weighted median
	8
	5
	1.270 (0.624-2.583)
	0.509

	
	MR egger 
	8
	5
	0.003 (0-69.362)
	0.297

	
	MR egger (intercept)
	8
	5
	0.108 ± 0.089
	0.269

	
	GSMR (r2<0.01)
	8
	5
	1.456 (0.920-2.303)
	0.108

	
	GSMR (r2<0.1)
	11
	6
	1.572 (1.049-2.355)
	0.028

	
	GSMR (r2<0.15)
	12
	8
	1.79 (1.189-2.707)
	0.0052

	
	GSMR (r2<0.2)
	14
	9
	1.723 (1.180-2.516)
	0.0048

	Delta
	IVW-fixed
	8
	5
	1.387 (0.88292.181)
	0.156

	
	Weighted median
	8
	5
	1.064 (0.551-2.057)
	0.852

	
	MR egger 
	8
	5
	0.035 (0-225.458)
	0.481

	
	MR egger (intercept)
	8
	5
	0.064± 0.077
	0.441

	
	GSMR (r2<0.01)
	8
	5
	1.387 (0.882-2.181)
	0.156

	
	GSMR (r2<0.1)
	11
	7
	1.295 (0.906-1.849)
	0.154

	
	GSMR (r2<0.15)
	12
	8
	1.360 (0.958-1.931)
	0.085

	
	GSMR (r2<0.2)
	14
	8
	1.360 (0.958-1.932)
	0.085

	Theta 
	IVW-fixed
	8
	6
	1.322 (0.841-2.078)
	0.227

	
	Weighted median
	8
	6
	1.242 (0.707-2.181)
	0.450

	
	MR egger 
	8
	6
	0.038 (0-25.341)
	0.363

	
	MR egger (intercept)
	8
	6
	0.061±0.057
	0.324

	
	GSMR (r2<0.01)
	8
	6
	1.322 (0.839-2.082)
	0.228

	
	GSMR (r2<0.1)
	11
	9
	1.313 (0.917-1.881)
	0.137

	
	GSMR (r2<0.15)
	12
	10
	1.434 (1.006-2.045)
	0.046

	
	GSMR (r2<0.2)
	14
	10
	1.431 (1.010-2.027)
	0.044


 Note: N* is the number of instrumental SNPs have same direction of effects on both exposure (epilepsy) and outcome (EEG).




Supplemental Figure 1
Polygenic risk score (PRS) analyses results in the Epi25 replication cohort. All directions of effect agreed with the PRS analyses in the discovery cohort. Theta-power PRSs were most strongly associated with GGE in this replication cohort (p=0.008). 
[image: ]





Supplemental Figure 2
Scatter plot of instrumental SNPs associated with generalized epilepsy against EEG alpha, delta and theta oscillations. The instrumental variables passed the Heterogeneity in Dependent Instruments (HEIDI) testing for instrumental outliers from GSMR detection with multiple LD prune thresholds.  Lines in red, yellow, light green and dark green represent β for fixed effect IVW, weighted median, MR Egger, and GSMR models using 8 instruments (r2<0.01). The lines in blue purple and pink represent βs from GSMR model with 11 (r2<0.1), 12 (r2<0.15)and 14 (r2<0.2) instruments in GSMR. [image: ][image: ]
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