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Health and Medical Research Council (NHMRC) (project grant 1087407, 1031119, 1010374,
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DP0212016, DP0343921, DP1093900) and NHMRC Medical Bioinformatics Genomics
Proteomics Program (grant 389891) for building and maintaining the adolescent twin family
resource, through which samples were collected. We gratefully acknowledge the participation
of the twins and their families. We thank Marlene Grace, Ann Eldridge, and Kerrie
McAloney for sample collection and processing and the staff of the Molecular Epidemiology
Laboratory at QIMR for DNA sample processing and preparation.
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Supplementary Tables
Supplementary Table 1: Characteristics of the study cohorts.

Abbreviations: SGPD, Systems Genomics of Parkinson’s Disease; LBC, Lothian Birth
Cohorts; BSGS, Brisbane Systems Genomics Study; CHNMND, Chinese Motor Neuron
Disease Cohort; THCH, Tibetan-Han Chinese high-altitude; PD, Parkinson’s disease; ALS,
Amyotrophic lateral sclerosis; EUR, European; EAS, East Asian, DNAm DNA methylation;
SNPs, single nucleotide polymorphisms; #, Number; QC, quality control.

Cohort SGPD LBC BSGS CHNMND THCH

Sample size 1659 1437 605 651 1448

Data type PD case- Longitudinal Familial ALS case-  Cohort study

control control
Ancestry EUR EUR EUR EAS EAS
(Australian, (Scottish) (Australian) (Chinese) (Chinese)
New
Zealand)

DNAm [Mlumina [Mlumina [Mlumina [Mlumina [llumina
array 450K 450K 450K 450K 450K
Genotype [Mlumina [Mlumina 610- Illumina 610- [Mlumina [Mlumina

array PsychArray- Quad Quad Human HumanCoreE
B.bpm Beadchip Beadchip OmniZhong xome-12
arrays arrays Hua BeadChip
# SNPs post | 7,664,320 8,297,026 8,240,066 7,330,123 6,461,686
imputation

and QC




Supplementary Table 2: Relationship between increase in sample size and reduction in
fine mapping causal set size determined via simulation. Subsets of the UK Biobank
(UKB) were selected to match the number of individuals in mQTL cohorts; EUR (n=3,701)
and combined across ancestries (n=5,800), as well as increases by 1,000 sample increments
(n=6,800, 7,800, 8,800, 9,800). 4,528 mQTLs in the stringent set with the same lead SNP in
both ancestries were utilised for simulation, with a single DNAm phenotype simulated for
each for mQTL assuming the lead EUR SNP as causal. The resulting mQTLs were fine
mapped using SuSiE, with mean credible set size and standard error of the mean (SE)
recorded across DNAm probes and UKB subsets and the mean percentage reduction
calculated. This has been compared to the observed data for the same mQTLs.

Sample Mean causal Mean % reduction
set size (SE)
Real EUR n=3,701 3.1(0.04)
mQTL EAS n=2,099 3.3 (0.05)
data Cross-ancestry 26.1% compared to EUR n=3,701
n=5,800 1.5(0.01) 29.9% compared to EAS n=2,099
Simulated | UKB n=3,701 2.9 (0.06)
mQTL UKB n=5,800 2.3 (0.05) 5.7% compared to UKB n=3,701
data UKB n=6,800 2.2 (0.05) 8.4% compared to UKB n=3,701
UKB n=7,800 2.1(0.04) 11.0% compared to UKB n=3,701
UKB n=8,800 2.0 (0.04) 13.4% compared to UKB n=3,701
UKB n=9,800 1.9 (0.03) 14.7% compared to UKB n=3,701



Supplementary Table 3: Identification of ancestry-specific mQTL at 21,084 EUR and
7,841 EAS DNAm probes. a) EUR and b) EAS ancestry-specific mQTL.

Ancestry-specific mQTLs were identified using the Bonferroni corrected, two-sided p-values
threshold of p<107!'? in the given ancestry and p>10 in the other. P-values were calculated at
the cohort level from linear regression and mixed linear regression models, and at the
ancestry level using inverse variance-weighted meta-analysis. For a given ancestry, the
ancestry specific mQTL are classified by the number of cohorts of that ancestry in which the
mQTL was significant prior to meta-analysis.

a) 21,084 EUR ancestry-specific mQTL

# of EUR cohorts | # DNAm probes with ancestry-
specific mQTL (%)
All 3 cohorts 1,255 (6.0%)
2 cohort 5,014 (23.8%)
1 cohort 7,929 (37.6%)
No cohort 6,886 (32.7%)

b) 7,841 EAS ancestry-specific mQTL

# of EAS cohorts | # DNAm probes with ancestry-

specific mQTL (%)
Both cohorts 2,250 (28.7%)
1 cohort 3,252 (41.5%)

No cohort 2,339 (29.8%)
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Supplementary Figure 1: The correlation (r5) of cis-mQTL SNP effects across cohorts.
Shown are effect sizes of the lead SNPs from the discovery cohort and the corresponding
SNP effect in the replication cohort. Correlations are presented with corresponding standard
errors in parentheses. Cohorts of the same ancestry, boxed in red (EUR) and purple (EAS),
have more similar effect sizes than across ancestries.
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Supplementary Figure 2: The significance of cis-mQTL associations increases as the
distance between the genetic variant and DNAm site decreases (n=404,503). Shown is the
relationship for between mQTL significance (—log10 p-value) and distance between the
DNAm probe and genetic variant in each ancestry. The colour of the points reflects the
density of observations at that location. The two-sided p-values from an inverse variance-
weighted meta-analysis with the the ceiling in —log10 p-value due to numerical limitations in
analysis software.
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Supplementary Figure 3: The correlation (r») of cis-mQTL SNP effects between meta-
analysed ancestries. Shown are effect sizes of the lead SNPs from the discovery ancestry
and the corresponding SNP effect in the other ancestry. Correlations are presented with
corresponding standard errors in parentheses. EUR mQTL discovery (n=113,976), EAS

EAS SNP Effect
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Supplementary Figure 4: Comparing the distribution of DNAm probes associated with
mQTL between genic and CpG island regions by ancestry. Bar-plots demonstrating the
location of DNAm probes with associated mQTL in individuals of EUR ancestry (blue bars;
n=113,976) compared to individuals of EAS ancestry (red bars; n=95,583).

a) annotation relative to CpG islands. Shores are defined as island flanking regions ranging to
up to 2,000 bp and shelves are defined as island flanking regions ranging from 2,001 bp to
4,000 bp. Northern and southern shores and shelves (noted N_and S ) are respectively
defined as the upstream and downstream shores or shelves according to chromosomal
coordinates.

b) gene region feature category describing the CpG position. Genic features include

Gene features listed include: promoter region ranging from 1 bp to 200 bp upstream of the
TSS (TSS200), promoter region ranging from 201 bp to 1,500 bp upstream of the TSS
(TSS1500), 5’ untranslated region (5’UTR), first exons (1stExon), gene bodies, excluding the
57 and 3’ UTRs and first exons (Body) and 3’ untranslated region (3’UTR).

We observed no difference in the distribution of DNAm sites associated with mQTLs
between ancestries, across genic or CpG island features.



a) EUR (n=21,084) b) EAS (n=7,841)

PD (11,067) LBC (9,182)
THCH CHNMND
(4,166) (3,586)
BSGS (1,473)  None (6,886) None (2,339)

Supplementary Figure 5: Identification of 21,084 EUR and 7,841 EAS DNAm probes
with ancestry-specific mQTL. Shown is the number of those mQTL-probes which were
significant in each of the cohorts of the same ancestry and the overlap between cohorts.
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Supplementary Figure 6: Concordance of lead SNP effects by LD between lead SNPs
for a) EUR lead SNP in EUR-mQTL and b) EAS lead SNP in EAS-mQTLs. Top:
Agreement in SNP effects. Bottom: Agreement in SNP effect by LD between lead SNPs. We
observe there is greater agreement between SNP effects when there is stronger LD, indicating
some residual overlap in effect sizes attributable to mQTL that did not achieve significance

due to power constraints.



Supplementary Figure 7: Manhattan plots of the 163 ancestry-specific pleiotropic
associations.
For each mQTL-trait pair the Manhattan plots display:

a) mQTL associations in individuals of EUR ancestry

b) mQTL associations in individuals of EAS ancestry

c) Trait associations in individuals of EUR ancestry

d) Trait associations in individuals of EUR ancestry
The blue line indicates the significance threshold (p < 10-'°) in mQTL analysis, the grey line
is the replication threshold (p <107), and the green line indicated the significance threshold (p
<5x10%) in GWAS. The SNP highlighted in red is the ancestry-specific lead SNP used as the
exposure outcome in SMR analysis.
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Trait AD: probe cg16799191
a) EUR cg16799191 b) EAS cg16799191
[ ]
[}
100 100 .‘-
a a 2
= =
g g N
50 50 o'
..
L]
0{ eonEEEEeRteassfemnfchenesnnesnnaiNiNiecs
111500000 112000000 112500000 113000000 111500000 112000000 112500000 113000000
Chr 3 Chr 3
¢) EUR AD d) EAS AD
100 100
o o
S S
8 ?
" 50 " 50
o e e
111500000 112000000 112500000 113000000 111500000 112000000 112500000 113000000
Chr 3 Chr 3
Trait BO1A: probe cg20327444
a) EUR ¢g20327444 b) EAS cg20327444
40 40
[ ]
L]
30 30 .
s = o
o o
20 20
o o
]
[ e 10 == s = s m oo m e
]
PV PSS T T Woves e ifonninechniili o tationdnionsidin
0 0
110000000 110500000 111000000 111500000 112000000 110000000 110500000 111000000 111500000 112000000
Chr 13 Chr 13
¢) EURBO1A d) EAS BO1A
40 40
30 30
o o
S S
20 20
o o
10 10 !
___________________________________________________________________ '______________________
e A e A 2P A Y W
0 0
110000000 110500000 111000000 111500000 112000000 110000000 110500000 111000000 111500000 112000000
Chr 13

Chr 13



Trait BMI: probe cg06801483
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Trait C09: probe cg02525926
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Trait IS: probe cg20327444
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Trait RBC: probe cg22683016
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Trait SAP: probe cg24148767
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Trait T2D: probe cg04847110

a) EUR cg04847110

30
20
a
=
E
L e
. A oy o o . oo o
0
40000000 40500000 41000000 41500000
Chr 15
¢) EUR T2D
30
20
=
=
®
10
° 00° o° o ‘o,
0
40000000 40500000 41000000 41500000
Chr 15
Trait WBC: probe cg13474750
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Trait ALP: probe cg16958793
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Trait ALP: probe cg09642020
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Trait ALP: probe cg13879547
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Trait ALP: probe ¢g02991085
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Trait ALP: probe cg13159946
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Trait ALP: probe cg25502144
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Trait ALT: probe cg05914712
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Trait As: probe cg18318560
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Trait As: probe cg24032190
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Trait AST: probe cg17642041
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Trait AST: probe cg22022041
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Trait AST: probe cg15742123
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Trait AST: probe cg21664854
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Trait AST: probe cg25863070
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Trait AST: probe cg03058187
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Trait AST: probe cg25044734
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Trait AST: probe cg09479818
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Trait BC: probe ¢g10900703
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Trait BC: probe cg16440331
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Trait BC: probe cg03733026
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Trait BMI: probe cg05790579
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Trait BUN: probe cg16413030
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Trait BW: probe cg05845840
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Trait BW: probe cg15325629
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Trait BW: probe cg15967709
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Trait BW: probe cg22087367
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Trait C03: probe cg06068085
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Trait CO8: probe cg06068085
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Trait C09: probe cg01046511

a) EUR cg01046511

120
[ ]
90
. %
g
S
:8’ 60 " °

7000000 7500000 8000000 8500000
Chr 17
¢) EUR C09

120

90
z

2 60
®

30

7000000 7500000 8000000

Chr17

Trait C09: probe cg01656853
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Trait C09: probe cg08873673
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Trait C10AA: probe cg01656853
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Trait C10AA: probe cg08873673
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Trait Ca: probe cg00228796
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Trait Ca: probe cg03020951
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Trait Cho: probe cg01656853
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Trait Cho: probe cg08873673
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Trait CRP: probe cg09642020
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Trait DBP: probe cg22988851
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Trait Eosino: probe cg06760507
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Trait Eosino: probe c¢g01765152
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Trait Eosino: probe ¢g01692252
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a) EUR cg14112635

37000000 37500000

80

o

38500000

0
75500000 76000000 76500000
Chr 17
c) EUR Eosino

80

60
g

240
8

20

77000000

76000000 76500000

Chr 17

75500000

77000000

b) EAS cg01692252

20
a
S
&
! 10 _____________________________________________
L]
® O -
0
37000000 37500000 38000000 38500000
Chr 17
d) EAS Eosino
20
a
S
g
'10
') “ ..‘
e ° °
0 e o {Dme
37000000 37500000 38000000 38500000
Chr 17

b) EAS cg14112635
80

75500000 76000000 76500000 77000000
Chr 17
d) EAS Eosino

80

60
g
=40
g

20

77000000

76000000 76500000

Chr17

75500000



Trait Eosino: probe ¢g21959090
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Trait GGT: probe cg13235717

a) EUR cg13235717

46000000

46500000

20 o

-log10(p)

SR
s ealibiios Ié""ifl . 5
0
26500000 27000000 27500000 28000000
Chr 1
c) EUR GGT

20

-log10(p)

26500000

27000000
Chr 1

27500000 28000000

-log10(p)

-log10(p)

-log10(p)

b) EAS cg21959090

40

30

20

45000000 45500000 46000000

Chr 19

46500000

d) EAS Eosino

40

w
o

n
o

o

45000000 45500000 46000000 46500000
Chr 19
b) EAS cg13235717
20
10 === == = = e e e
. k4
Biaansttlihes 0 4 i a2
0
26500000 27000000 27500000 28000000
Chr 1
d) EAS GGT
20

26500000 27000000

Chr1

27500000 28000000



Tra

20

-log10(p)

20

it GGT: probe cg00409636
a) EUR cg00409636
e

Tra

30

75000000 75500000 76000000 76500000
Chr2
c) EUR GGT
.
_______________________ %_____________________
- 9
..
U
o o 2% %0 $
75000000 75500000 76000000 76500000
Chr2
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Trait GGT: probe cg09479818
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Trait Gla: probe cg24023194
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Trait Goi: probe cg11258943
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Trait HO3A: probe cg19084075
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Trait HO3A: probe cg03982355
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Trait HO3A: probe cg00507154
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Trait Hb: probe cg08360599
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Trait Hb: probe cg13787933
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Trait Hb: probe cg07226470
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Trait HbAlc: probe cg04781916
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Trait HbAlc: probe cg25721818
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Trait HbAlc: probe cg17230002
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Trait HbAlc: probe cg21376004
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Trait HbAlc: probe cg04158018
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Trait HD: probe cg13827859
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Trait Ht: probe cg04996089
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Trait Ht: probe cg08144157
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Trait Ht: probe ¢g22728782

a) EUR cg22728782

50

88000000

b) EAS cg22728782

88500000 89000000 89500000 90000000 88000000 88500000 89000000 89500000 90000000
Chr 16 Chr 16
c) EUR Ht d) EAS Ht

50 50

40 40
230 H &30
o o
B s B
<20 S =20

88000000 88500000 89000000

Chr 16

Trait Ht: probe cg27483694
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Trait Ht: probe cg21959090
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Trait Hypo: probe cg10568624
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Trait IN: probe cg12351042
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Trait IN: probe cg19084075
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Trait LuC: probe cg13714459

a) EUR cg13714459
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Trait Lym: probe cg20660171
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Trait Lym: probe ¢g21748751
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Trait Lym: probe cg25204543
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Trait MCV: probe cg13719746
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Trait MCV: probe cg07809909
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Trait MCV: probe cg11815991
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Trait MCV: probe cg12033622
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Trait MCV: probe cg26070540
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30 30

29500000 30000000 30500000 31000000 29500000 30000000 30500000 31000000
Chr 20 Chr 20
c) EUR MCV d) EAS MCV
”re
30 .. 30
. N ® o
—_ *\: . o —
220 w ' . ” g20
- (] ”® o ° —
B . o A . %
' o oo L™ ] o ©° '
10 : 10
13
0 0{ eootdeame M
29500000 30000000 30500000 31000000 29500000 30000000 30500000 31000000
Chr 20 Chr 20
Trait MCV: probe cg01109867
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Trait ML: probe cg04387059
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Trait NO2BE: probe cg04387059
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Trait NP: probe c¢g09611620
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Trait NP: probe cg18318560
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Trait NP: probe cg22598563
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Trait PA: probe cg19197236
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Trait PA: probe cg24032190
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Trait PrC: probe cg08112188
a) EUR cg08112188 b) EAS cg08112188
250 250
200 200
[ ]
)
I~ 150 e I~ 150
S o S
S . S
—g’ 100 ° s —3 100
50
N
46500000 47000000 47500000 48000000 48500000 46500000 47000000 47500000 48000000 48500000
Chr 17 Chr17
c) EUR PrC d) EAS PrC
250 250
200 200
& 150 & 150
S S
> >
2100 2100
50 50
______ . - - - e I - N g g—
B e i i 0 ESreE
46500000 47000000 47500000 48000000 48500000 46500000 47000000 47500000 48000000 48500000
Chr 17 Chr 17



Trait RO3A: probe cg19197236
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Trait RO3A: probe cg18318560
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Trait RO3A: probe cg25204543
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Trait RO3A: probe cg24032190
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Trait RO3A: probe cg15636887
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Trait RO3BA: probe cg25204543
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Trait RO3BA: probe cg24032190
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Trait SAP: probe ¢g12427321
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Trait sCr: probe cg16413030
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Trait sCr: probe cg15640734
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Trait SkC: probe cg25204543

a) EUR ¢cg25204543

40
L]
30
a
5/20 .
g
)
10 o e n_*..l ____________________
- “‘
I = ° Se E.i o a% ‘ o
0
90000000 90500000 91000000 91500000 92000000
Chré
c) EUR SkC
40
30

90000000 90500000

Chré

91000000

91500000 92000000

b) EAS cg15640734
150

100

-log10(p)

50

0{ et MINRERGD wccoscstasttceatetainns
0 500000 1000000 1500000
chrs
d) EAS sCr
150
100
a
=1
g
50

0 500000 1000000 1500000
chrs
b) EAS cg25204543
40
30
)
220
8
L e R e T
0 m
90000000 90500000 91000000 91500000 92000000
chré
d) EAS SkC
40
30

91000000 92000000

Chr6

91500000

90000000 90500000



Trait SkC: probe cg03258727
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Trait SkC: probe cg09313938
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Trait SkC: probe cg23200841
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Trait SLE: probe cg04387059
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Trait SLE: probe cg12315302
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Trait SLE: probe cg12351042
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Trait SLE: probe cg19084075
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Trait SS: probe cg04387059
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Trait T1D: probe cg12351042
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Trait T2D: probe cg21034289
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Trait TBil: probe cg15967709

a) EUR cg15967709 b) EAS cg15967709
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Trait ThC: probe cg11258943
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Trait UA: probe cg05790579
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Trait Var: probe ¢g27220401
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Trait Var: probe cg03699074
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Trait Var: probe cg01656853
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Trait Var: probe cg08873673

a) EUR cg08873673 b) EAS cg08873673
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Trait WBC: probe cg06760507
a) EUR cg06760507 b) EAS cg06760507
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Trait WBC: probe cg11369338

a) EUR cg11369338
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Trait WBC: probe cg07591205
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Trait WBC: probe cg19175364

a) EUR cg19175364 b) EAS cg19175364
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