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Supplementary Figure 1. Manhattan plots of genetic association with pathology classes
in the subset of NACC individuals. A. Association with AD*LB+ pathology versus AD-LB-
pathology. B. Association with AD*LB- pathology versus AD-LB- pathology. C. Association

with AD-LB+ pathology versus AD-LB- pathology. D. Association with AD*LB* pathology
versus AD*LB- pathology.
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Supplementary Figure 2. Manhattan plots of genetic association with pathology classes
in the subset of Rush individuals. A. Association with AD*LB* pathology versus AD-LB-
pathology. B. Association with AD*LB- pathology versus AD-LB- pathology. C. Association

with AD-LB+ pathology versus AD-LB- pathology. D. Association with AD*LB* pathology
versus AD*LB- pathology.
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Supplementary Figure 3. A candidate genetic model of AD and LB pathology. APOE and
BIN1, among other genes (see e.g., Bellenguez et al.), drive AD pathology. AD pathology primes
other, unknown genes to drive LB pathology. In a separate mechanism not involving AD
pathology, GBA and SCNA, among other genes (see e.g., Chang et al. (2017) and Nalls et al.),
drive LB pathology. Notably, the set of genes including APOE and BIN1 drives LB pathology
only by way of AD pathology and does not affect the likelihood of LB pathology after the step
of AD pathogenesis; this risk is determined by as yet unidentified genes.



Supplementary Table 1. Comparison of pathologically assessed proportion of cohort
and sample size per pathology group between reference studies [52, 2, 10, 14, 24, 18,
46, 48, 13, 28] and ours. For Beecham et al, Robinson et al, and Sabir et al, we consider
only analyses of APOE-g4-associated risk for LB pathology or dementia [2, 46, 48]. For
Guerreiro et al, we describe the larger discovery cohort [24]. If a study analyzed a cohort
both with and without including certain clinically assessed subjects, we consider the analysis
with the fewest clinically assessed individuals for which the effect size of APOE-¢4 and/or the

top variant on BIN1 is reported.

# subjects # # # # # #
Total clinically pathologically pathologically pathologically pathologically pathologically pathologically
Study . confirmed confirmed confirmed confirmed confirmed confirmed
size evaluated
only AD-LB- AD+LB+ AD*LB- AD-LB+ LB-a LB+a
Tsuang
etal 640 0 (0%) 269 224 244 91 N/A N/A
(2013)
Beecham
etal. 3,526 0 (0%) ? ? ? ? 2,391 1,135
(2014)
Bras
9 ? ?
etal 3,291 2,624 (80%) 0 ? 0 ? 0 667
(2014)
Chung
0,
etal 531 0 (0%) 0 215 316 0 N/A N/A
(2015)
Dickson 491b 1508
0
etal 1,310 660 (50%) 0 (1(1;2171:12105;19 0 (46+80+33) N/A N/A
(2018) )
Guerreiro
etal 5,007 4,033 (81%) 0 ? 0 ? 0 974
(2018)
Robinson 2260 440
etal 346 0 (0%) 0 (19+111+10+21 76b (16+60) (10+12422) N/A N/A
(2018) +65)
Sabir
9 ? ?
etal 1,116 591 (53%) 0 ? 0 ? N/A 525
(2019)
Chia
etal 6,982 4,588 (66%) 605 ? 0 ? N/A 1,789
(2021)
Kaivola
3,423 2,323-2,928¢ <605 4075 (66+341) 0 88 N/A N/A
etal ’ (68-86%) N
(2022)
C t
urrent 4 985 0(0%) 1,263 1,072 2,492 158 N/A N/A
sample




aThese columns are populated only if an analysis was performed on a pathologically
confirmed LB- or LB* group. In this case the sizes of the corresponding subgroups are
marked as unknown (e.g., AD*LB* and AD-LB* if LB+ is known). ?The given category was
subdivided into multiple phenotypes, described in Table 3, and a separate analysis was
performed on each subgroup [28, 18, 46]. The control cohort of 2,928 individuals
studied in Kaivola et al. was part of a larger set of controls studied in Chia et al., of whom
605 were pathologically confirmed [28, 13]. Therefore, at most 605 of the 2,928 controls
in Kaivola et al. were pathologically confirmed, and, accordingly, at fewest 2,323 controls
were not pathologically confirmed (only clinically evaluated).



Supplementary Table 2. Genome-wide significant loci in our study.
Chr:Pos:Minor:Major is chromosome, position (genome build hg38, GRCh38),
minor allele, and major allele. MAF is minor allele frequency. [OR] [CI] (P) is
effect size reported as odds ratio with 95% confidence interval and significance.
The loci besides BIN1 and APOE are novel.

Known locus or

Variant Chr:Pos:Minor:Major nearest gene MAF GWAS OR [CI] (P)
AD+LB* vs. 1.53[1.351.75
rs4663105 2:127133851:C:A BIN1 41.9% VS [ I
AD-LB- (1.35e-10)
AD+LB- vs. 1.40[1.26 1.56
rs4663105 2:127133851:C:A BIN1 41.9% VS [ I
AD-LB- (6.51e-10)
rs112017605 10:62580294:A:G AC024598.1/ 6.0% AD-LB+* vs. 3.01[2.03 4.06]
' - AC067752.1 = AD-LB- (4.60e-10)
AD-LB* vs. 5.17 [2.88 9.29]
116691607 17:30277568:T:C BLMH 2.49
s % AD-LB- (3.96¢-08)
AD+LB* vs. 4.24[3.525.10
rs429358 19:44908684:C:T APOE 27.1% VS [ I
AD-LB- (1.49e-52)
AD+LB- vs.
-LB- 4.22 [3.60 4.96
rs429358 19:44908684:C:T APOE 27.1% ADLB [ I

(1.41e-69)




Supplementary Table 3. Association of APOE-£2 (rs7412) with different pathology
contrasts. The first column corresponds to the current study, while the following two
columns correspond to results obtained using the current sample using literature criteria to
classify participants into pathology groups (Fig. 1a-b) [52, 28]. The last column corresponds
to aresultreported in the literature [48]. Effect sizes are reported as OR with 95% confidence
interval [CI] and significance (P-value).

Initial sample x  Initial sample x Reported by
Current sample Tsuang et al. Kaivola et al. Sabir et al.
(2013) criteria (2022) criteria (2019)
AD-LB- (3.89¢-11) (3.90e-09) (9.24€-09) N/A
AD+LB- vs. 0.42[0.34 0.51] 0.45[0.37 0.56] 0.44 [0.36 0.53] N/A
AD-LB- (2.68e-16) (4.52e-14) (9.20e-16)
AD-LB* vs. 1.17 [0.79 1.74] 0.90 [0.65 1.24] 112 [0.75 1.68] N/A
AD-LB- (4.30e-01) (5.18e-01) (5.72e-01)
LB+ vs. 0.39[0.26 0.59]
N/A N/A
AD-LB- / / N/A (6.88e-06)




Supplementary Table 4. Association of rs4663105 on the BIN1 locus and APOE-£4
(rs429358) with different pathology contrasts. First two columns correspond to the
current study (based on a meta-analysis) and are compared to the association in the subsets
of NACC and Rush individuals separately.

Current sample Current sample NACC individuals Current sample Rush individuals

rs4663105

rs4663105

rs4663105

rs429358 rs429358 rs429358
Re L53[135 494352
AD'LB VS, el (1350 o ([1 oo, OBLLAALI6] 45413665631  124[0.98157]  348[242501]
AD-LB- 10) . 52)- (7.01e-11) (4.95e-43) (7.88e-02) (1.83e-11)
1.40 [1.26
AD*LB- vs. 1.56] (6.51e- 422]2([13;510(3 L52[133173]  454[366563] 11900991431 3531560477
AD-LB- o) : 69). (3.96e-10) (4.95¢-43) (6:43e-02) (3.56e-16)
— 1.10[0.85 0.93 [0.60
ADLB'vs. ) (4760 e ([7 pe. CLIO7214Z] - 10500.621.78] 120083172  072[034153]
AD-LB- 01) - 01)- (9.57e-01) (8.53e-01) (3.27e-01) (3.94e-01)
1.13[1.02
- 1.01[0.90
AD'LBIVS. | 511 91e- i3] ([8 o L15[1031301  101[0901.14] 1.04[0.821.31] 1.01[0.741.38]
AD+*LB- 02) - 01)- (1.38e-02) (8.36e-01) (7.72e-01) (9.60e-01)




Supplementary Table 5. Associations of known Alzheimer’s disease risk loci reported
in Bellenguez et al. (2022) and known Parkinson’s disease risk loci reported in Chang
et al. (2017) and Nalls et al. (2019) with different pathology contrasts [3, 12, 40]. Loci
for which the reported variant was missing from our summary statistics are not included.

Chr:Pos:Minor:Major is chromosome, position, and minor allele and major allele in our study.
Lit. MAF is the frequency reported in the literature of the minor allele in our study. Lit. effect
is the effect size reported in the literature. N+R MAF is the minor allele frequency in our study.
Nominally significant associations (P < 0.05) are colored red (minor allele increases risk) and

blue (minor allele decreases risk), associations with P < 0.10 are colored green regardless of

the direction of effect.

AD*LB*
Lit N+R AD+*LB* vs. AD*LB-vs. AD-LB* vs.
Variant Chr:Pos:Minor:Major Locus M;\F Lit. effect Study MAF VS.
AD-LB- AD-LB- AD-LB-

AD*LB-
1728y 160087  082[047  210[0.74  194[124

rs35749011 1:155162560:A:G GBA 2.4% 1.89] ('“‘Z“ng;)“ © o 13% 2.91] 1.44] 5.93] 3.06]
(2.59¢-35) (1.28e-01)  (489e-01)  (1.62e-01)  (4.04e-03)
1.07 [1.05 Nalls ot al 094[0.82  097[0.87  0.89[0.68  0.99[0.89

rs6658353 1:161499264:C:G FCGR2A 50.1% 1.09] o010 195% 1.07] 1.08] 1.15] 1.10]
(6.10e-12) (3.53e-01)  (551e-01)  (3.64e-01)  (8.32e-01)
0.93[0.91 Nalls ot al 1.04[088  098[0.86  1.20[090  1.06[0.93

rs11578699 1:171750629:T:C VAMP4 19.5% 0.95] 019y 193% 1.22] 1.11] 1.60] 1.20]
(4.47¢-09) (648e-01)  (7.18e-01)  (2.22e-01)  (4.05e-01)
0.89 [0.87 094[0.83  094[0.85  1.05[0.82  0.97[0.88

rs823118 1:205754444:C:T 1;/53(1.21/ 46.7% 091] Ch&“og;;t)a" 44.4% 1.07] 1.05] 1.34] 1.08]
(1.12¢-23) (334e-01)  (263e-01)  (7.03e-01)  (6.04e-01)
113[111  Bellenguez 1090093  1.19[1.04  091[0.66  0.95[0.83

rs679515 1:207577223:T:C CR1 18.8% 1.15] etal 20.2% 1.29] 1.36] 1.25] 1.08]
(7.20e-46) (2022) (298e-01)  (9.99¢-03)  (5.55e-01)  (4.22e-01)
092[090 o 092[0.80  094[0.84  0.85[0.65  0.95[0.85

rs4653767 1:226728377:C:T ITPKB 31.5% 0.94] (20317) " 292% 1.06] 1.06] 1.12] 1.06]
(1.63e-11) (243e-01)  (323e-01)  (247e-01)  (3.38e-01)
L2ty o 1.04[087  1.05[090  1.18[0.84  1.00[0.86

1510797576 1:232528865:T:C SIPAIL2 13.7% 1.15] (20317) " 132% 1.26] 1.22] 1.65] 1.17]
(8.41e-13) (639e-01)  (534e-01)  (3.46e-01)  (9.63e-01)
1.06[1.04  Bellenguez 130[1.09  117[1.01  144[104  1.13[0.98

rs72777026 2:9558882:G:A ADAM17 14.4% 1.08] etal 14.2% 1.56] 1.37] 2.00] 1.31]
(2.70e-08) (2022) (3.92e-03)  (419e-02)  (2.81e-02)  (8.13¢-02)
1.12 [1.08 Nalls et al. 095[0.77  094[0.79  1.05[0.71  1.06[0.89

1576116224 2:17966582:T:A KCNS3 9.6% 1.16] Qo019 7% 1.18] 1.12] 1.55] 1.27]
(1.27e-08) (657e-01)  (483e-01)  (8.03e-01)  (5.14e-01)
1.06[1.04  Bellenguez 110[091  1.04[090  1.07[0.74  1.04[0.90

1517020490 2:37304796:C:T PRKD3 14.5% 1.08] etal 14.6% 1.31] 1.21] 1.54] 1.19]
(3.30e-09) (2022) (326e-01)  (581e-01)  (7.25e-01)  (6.19e-01)
0.94[0.92 Nalls ot al 095[0.82  090[0.79  1.00[0.76  1.06[0.94

152042477 2:95335195:A:T KCNIP3 24.2% 0.96] Qo010)  247% 1.11] 1.01] 1.32] 1.20]
(1.38¢-08) (533e-01)  (834e-02)  (9.88e-01)  (3.56e-01)
L08[LO6 1.00[0.87  096[0.86  1.08[0.83  1.04[0.93

rs34043159 2:101796654:C:T ILIR2 35.2% 1.10] (20317) ©331% 1.15] 1.08] 1.41] 1.16]
(5.48e-11) (9.66e-01)  (5.06e-01)  (5.59e-01)  (5.30e-01)
117[116  Bellenguez 152[134  143[1.29  1.12[087  1.10[0.99

rs6733839 2:127135234:T:C BINI 38.9% 1.19] etal 41.9% 1.74] 1.60] 1.45] 1.22]
(6.10e-118) (2022) (4.60e-10)  (7.49-11)  (3.72e-01)  (6.57¢-02)
0.89 [0.87 1.01[089  112[1.00  0.86[0.67  0.91[0.82

rs6430538 2:134782397:T:C ”’éEC%IT?/ 48.8% 091] Ch&“og;;t)a" 43.7% 1.15] 1.24] 1.10] 1.01]
(8.24e-24) (836e-01)  (4.01e-02)  (227e-01)  (8.31e-02)

10



rs353116

rs1474055

rs139643391

rs10933431

rs4073221

rs6808178

rs12497850

rs115185635

rs55961674

rs11707416

rs16824536

rs61762319

rs1450522

rs12637471

rs34311866

rs6846529

rs11724635

rs34025766

rs2245466

rs6812193

2:165277122:T:C

2:168253884:T:C

2:202878716:T:TC

2:233117202:G:C

3:18235996:G:T

3:28664199:T:C

3:48711556:G:T

3:87471707:C:G

3:122478045:T:C

3:151391177:A:T

3:155069722:A:G

3:155084189:G:A

3:161359842:G:A

3:183044649:A:G

4:958159:C:T

4:11023507:C:T

4:15735478:C:A

4:17967188:A:T

4:40197226:G:C

4:76277833:T:C

SCN3A

STK39

WDR12

INPP5D

SATB1

LINC00693

NCKIPSD/
CDC71

CHMP2B

KPNA1

MED12L

MME

MME

SPTSSB

Mmcccel

TMEM175/
DGKQ
CLNK/

HS3ST1

FAM200B/
CD38

LCORL

RHOH

FAM47E

38.5%

11.9%

13.1%

23.4%

13.2%

37.9%

34.7%

3.6%

17.2%

36.7%

5.4%

2.6%

32.6%

21.9%

19.9%

28.3%

43.7%

15.9%

34.3%

39.8%

0.940.92
0.96]
(2.986-08)

120 [1.16
1.25]
(5.68e-26)

0.940.92
0.96]
(1.10e-08)

0.93[0.92
0.95]
(3.60e-18)

1.10 [1.06
1.13]
(1.57e-08)

1.07 [1.05
1.09]
(8.09¢-12)

0.93[0.91
0.96]
(9.16€-09)

1.21[1.10
1.33]
(1.22e-04)

1.09 [1.06
1.12]
(9.98e-12)

0.940.92
0.96]
(1.13e-10)

0.92[0.89
0.95]
(3.60e-08)

116 [1.11
1.21]
(2.20e-11)

1.06 [1.04
1.09]
(5.01e-10)

0.85 [0.82
0.87]
(2.11e-30)

1.23[1.20
127
(1.47e-50)

1.07 [1.05
1.08]
(2.20e-17)

0.90 [0.88
0.92]
(1.22e-19)

0.92[0.90
0.94]
(2.87e-10)

1.05[1.03
1.06]
(1.20e-09)

0.920.90
0.94]
(1.43e-14)

Chang et al.
(2017)

Chang et al.
(2017)

Bellenguez
etal
(2022)

Bellenguez
etal
(2022)

Chang et al.
(2017)

Nalls et al.
(2019)

Chang et al.
(2017)

Chang et al.
(2017)

Nalls et al.
(2019)

Nalls et al.
(2019)

Bellenguez
etal
(2022)

Bellenguez
etal
(2022)

Nalls et al.
(2019)

Chang et al.
(2017)

Chang et al.
(2017)

Bellenguez
etal
(2022)

Chang et al.
(2017)

Nalls et al.
(2019)

Bellenguez
etal
(2022)

Chang et al.
(2017)

38.7%

12.2%

12.2%

21.8%

12.9%

37.5%

34.8%

3.9%

16.9%

37.3%

5.4%

2.6%

32.0%

20.2%

19.1%

28.0%

45.3%

16.4%

33.2%

37.0%

0.85[0.74
0.96]
(1.14e-02)

0.85[0.70
1.04]
(1.17e-01)

0.97 [0.80
1.16]
(7.11e-01)

0.87 [0.74
1.01]
(7.37-02)

1.04 [0.86
1.26]
(6.68e-01)

0.90[0.79
1.03]
(1.27e-01)

1.00 [0.87
1.14]
(9.60e-01)

0.97 [0.69
1.34]
(8.33e-01)

0.97 [0.82
1.15]
(7.47¢-01)

1.00 [0.88
1.14]
(9.93e-01)

0.80 [0.61
1.04]
(9.94e-02)

0.97 [0.64
1.48]
(8.97e-01)

0.92[0.81
1.06]
(2.38e-01)

1.03 [0.88
1.20]
(7.21e-01)

1.07 [0.91
1.24]
(4.24e-01)

1.11[0.96
1.28]
(1.46e-01)

1.01[0.89
1.15]
(8.64e-01)

1.15[0.97
1.36]
(1.11e-01)

1.06 [0.93
1.22]
(3.74e-01)

0.91[0.80
1.03]
(1.44e-01)

0.94 [0.84
1.04]
(2.46e-01)

1.00 [0.86
1.17)
(9.74e-01)

0.94[0.80
1.10]
(4.33e-01)

0.79 [0.70
0.90]
(3.09e-04)

1.08 [0.92
1.26)
(3.55e-01)

0.99 [0.89
1.10]
(8.79e-01)

1.04[0.93
1.16)
(4.95e-01)

1.03 [0.79
1.34]
(8.36e-01)

1.04[0.91
1.20]
(5.47e-01)

1.07 [0.96
1.19]
(2.47e-01)

0.77 [0.62
0.96]
(2.09¢-02)

1.32[0.95
1.82]
(9.44e-02)

0.96 [0.86
1.08]
(5.25e-01)

0.94[0.83
1.07)
(3.35e-01)

0.89[0.78
1.02]
(9.56e-02)

1.15 [1.02
1.29]
(2.12e-02)

0.97 [0.87
1.08]
(5.37e-01)

1.04 [0.90
1.20]
(5.81e-01)

1.04[0.93
1.17)
(5.05e-01)

0.98[0.88
1.09]
(7.55e-01)

0.90 [0.70
1.15]
(4.02e-01)

0.96 [0.66
1.39]
(8.16e-01)

1.15 [0.83
1.61]
(4.04e-01)

1.09 [0.83
1.44]
(5.42e-01)

0.97 [0.67
1.39]
(8.65e-01)

0.84[0.65
1.07)
(1.64e-01)

1.09 [0.84
1.41]
(5.30e-01)

0.79 [0.40
1.56]
(5.06e-01)

0.95 [0.68
1.32]
(7.59e-01)

1.04 [0.81
1.32]
(7.83e-01)

1.22[0.78
1.93]
(3.86e-01)

0.66 [0.26
1.70]
(3.87e-01)

1.03 [0.80
1.33]
(8.15e-01)

0.85 [0.63
1.15]
(2.93e-01)

1.33[1.01
1.75]
(4.29¢-02)

1.01[0.77
1.32]
(9.49-01)

0.71[0.55
0.92]
(9.03e-03)

0.92 [0.65
1.29]
(6.25e-01)

0.97 [0.74
1.27)
(8.27e-01)

0.92[0.72
1.18]
(5.00e-01)

0.95 [0.86
1.06]
(3.52e-01)

0.88[0.75
1.03]
(1.11e-01)

0.98 [0.84
1.15]
(8.22e-01)

1.07 [0.94
1.22)
(2.99-01)

1.03 [0.88
1.19]
(7.40e-01)

0.90 [0.81
1.01]
(6.81e-02)

0.98 [0.87
1.09]
(6.53e-01)

0.92[0.70
1.21]
(5.62e-01)

0.97 [0.85
1.12]
(6.92e-01)

0.95 [0.86
1.06]
(3.94e-01)

1.10 [0.87
1.40]
(4.12e-01)

0.72 [0.52
1.00]
(5.34-02)

0.96 [0.86
1.07)
(4.19¢-01)
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