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Supplementary Figure 1. Quantile-quantile (QQ) plots for the ancestry-specific and multi-ancestry meta-
analyses of asthma. QQ plots of Prandom Or Prixed Values for all SNPs passing QC in a least two-thirds of studies.
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Supplementary Figure 2. Manhattan plots for each meta-analysis in African-ancestry, Japanese and
Latino populations. These analyses were carried out under a fixed-effects model.

The x axis represents chromosomal location and the y axis represents -log10 (P value); the dashed horizontal
line denotes P = 107°. Each locus is annotated by its cytogenetic band location.
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Supplementary Figure 3. Regional plots for the 18 asthma loci reaching genome-wide significance: a. New asthma loci; b. Known asthma loci

The x axis represents physical location in megabase (build 37) and the Y axis represents —1og10 (P value) for tests of association between individual SNPs and
asthma in either the multi-ancestry or European ancestry meta-analysis (random-effects model) using Locus Zoom (see URLs). The rs ID is shown for the lead
SNP in the region (the lead SNP is the variant with the strongest evidence for association in the European-ancestry or multi-ancestry meta-analysis in the
region, as shown in Table 1). For remaining SNPs the color indicates the r> measure of LD with the lead SNP.
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b. Known asthma loci

2912 -rs1420101
Multi-ancestry
1514201010 | X
20 - e .
a® |
L
e
e
15 -
- &5 o o
= L]
: °a ‘ *'9‘3'3”:
- -
—,g’ 10 :‘ ?. .. ° bt e’
-
»
L
5

IL1R1— IL1RL] — IL18RAP—  SLC9A4—
[ e — 1] [ e e = |
IL1RLZ2— IL18R1—
B R
MIR4772—
1
1028 1029 103 102.1 1032

Position on chr2 (Mb)

20

- 40

{qW/wie) aies uoleuIquiosey

European-ancestry

151420101
Oo..
%o
n®
15 - o®
_ Po ¥ ®
g ]
EI ® &}O . &
- o @
g

IL1IR1— IL1RL] — IL18RAP—  SLC9A4—
[ —] e L
ILIRLZ2— IL18R1 —
[Rerave
MIR4772—
1
T T T I
102.8 1029 103 102.1 103.2

Position on chr2 (Mb)

(g2 21es uonEuqUICSSY

15



5¢g22.1 -rs10455025

Multi-ancestry European-ancestry
; 100 ! 100
o8 .08
08 rs10455025 a
25 — 0s ® e 08 5104.55025
04 L ] 04 »
02 0.
L L 80 L + 80
20 20 -
F %
L 1 ) I
_ -0 § ,_ o §
o o
% 15 - -4 —g 15 a
1 g 1 L] g
2 = = =
g @ e H 8’ e 5
T ® o T T
- 40 = - 40 =
= =
g g
20 20
-0 -0
«— TMEM232 TSLP—= CAMK4 — ~ TMEM232 TSLP— CAMK4 —
e ] [] —tr—— "
SLC25A46— WDR36— < STARD4 SLC25A46— WDR36— <« STARD4
- Ll L1 - Ll L
STARD4-AS1— STARD4-AS1—> |
T 1 T 1 T T T 1
110 1102 1104 1106 1108 110 1102 1104 1106 1108
Position on chrS (Mb) Position on chr5 (Mb)

16



5931 -rs20541

Multi-ancestry

~ 100
rs20541
15 ¥
-
"
- 80
0%
L] = &
— 10 ] E
% - e®
l 4 . ®
5 - &
5 &%y fyete
2 5)
2 L o C§§ ® o
®o - 40
. t
-
5 —’ e * 1’.
-
. ] &
o % ® .ﬂ. é o
. o O, °
s * .Qo .
» .,
. % *
» -
-.'
0 - - 2 0
| CSorfss— L5 IL13—~ < KIF3A SOWAHA— LEAP2—
L] - Ll AR ] - L]
<« IRF1 RAD50 — L4~ CCNI2—» <« SHROOM1 < AFF4
L] L] - - —-—-——
-« SEPT8 «— GDF9
— -
UQCf-'O-—-
T T T T T
131.8 1319 132 1321 1322

Position on chrS (Mb)

(qW/We) owi uaEugodY

~logis(p-value)

European-ancestry

- 100
1520541
- 20
|
x
| 3
. g
L 60 &
- = z
s * a
. g
" 3
'hf H
s * © * [
.y el 40 =
=
- m =
* ® g
& T i w0
. o
=
* o ® e L
L -
% Q. e - -
. ° » Y
“+ ® o
LIS . . .
" o o *
»
o) & 1 = e,
. A Lo
C5orf56—= ~IL5 IL13—= < KIF3A SOWAHA—= LEAP2—
" - Ll B R Y] - L]
« IRF1 RAD50 — ILd— CCNi2—» < SHROOM1 = AFF4
L L) - - L 2
-~ SEPTS — GDF9
e— L]
UQC.HO""
T T T T
1318 1319 132 132.1 132.2

Position on chr5 (Mb)

17



6p21.32 —rs9272346

Multi-ancestry

30

25

20

- lbgy(p-value)
o
|

o]+

rs9272346
L]

|« AGPAT! = Céorf10
- L

-— AGER
L]

- PBX2
.

- G‘f’SM.?

= NOTCH4
-

=— HLA-DRBS
-

-— HLA_—DRBS

= HLA-DRB1
-

HLA—I?‘OA‘I‘ -

< HLA-DQB1
"

HLA —Q.M-v
-— HL.‘;—DQB?

w0
S
M

326
Position on chré (Mb)

80

60

- 40

European-ancestry

(qN2) 211 uoyeuIqUoDaY
- bgy(p-value)

o

rs9272346
L]

- DA

- 0.8

D4

Position on chré (Mb)

|« AGPAT! = Céorf10 < HLA-DRES HLA-DQAZ—~ - HLA-DMB
(] e ] i o -
- AGER HCG23—~ <= HLA-DRBS =~ HLA-DQB2 =~ HLA-DMA
-— PBEX2 -~ BTNLZ - HLA-DRS1 - HLA-DOB BRO2—~
L ] e - L -
~ GPSM3 HLA-DRA— HLA-DOA1— ~ TAP2 <~ HLA-DOA
. " L] - L]
<~ NOTCH4 < HLA-DQB1 ~ PSMBS < HLA-DPA1|
- L] L] L) |
-~ TAP1 HLA-DPB1—|
- e
PSMBI—~ HLA-DPB2—
- |
T T T T =
322 324 26 328 33

100

60

- 40

(gpn2) 21 uoneuquIcoay



9p24.1 - rs992969

Multi-ancestry
—
o]
20 15992969 s
. 04
® o2
® .
' §
15 -
@
“S [ ]
% Py
2 10
g 4 &
= -
.‘. " .IE

- KIAA2026 IL35—= TPD52L3—~ UHRF2—~
= ] -
MIR4665—
)
-— RANBP&

l -

T T T T T

6 6.1 62 6.3 6.4

Position on chrg (Mb)

{QW/W2) 3t uoleuIquosey

~logyo{p-value)

20 —

0

European-ancestry

Position on chrd (Mb)

- KIAA2026 L33 — TPD52L3— UHRF2—=
e ——t - —_——
MIR4665—
'
-— RANBP&
-
T T T T T
6 6.1 62 6.3 6.4

~ 40

-0

{a/we) aies uoeuIqosey

19



11q13.5 -rs7927894

- lbgi(p-value)

Multi-ancestry
15 - - 100
157927894
®
&
- 80
L]
10
- 60
[=]
|
L] go
[+]

|~ PRKRIR C1lorf30— -— LRRC32 TSKU -
— bt - —
-— GUCYZEP
[t sy
T ] T 1 T
761 76.2 76.3 764 76.5

Pasition on chr11 (M)

(qyywa) 211 uoneuquicoay

~logis(p-value)

European-ancestry

rs7927694
L]

C11orf30— -— LRRC32 TSKU—~
L] —
-— GUCYZ2EP
[faerrd sy
T T T 1 T
761 762 76.3 764 76.5

Position on chr11 (Mb)

(qpywa) 211 uoneuquosay

20



15¢922.2 -rs11071558

(qpum2) 2aie uaEuIgUosay

Multi-ancestry European-ancestry
B
100
o8
10 - o8 10 rs11071558
04 L ]
PO re1 1051558
L ®
*®e - 80
L]
8 » ; 8 H
@
e‘ .'
of ?. .
5 3 *
% 6 ® T C -
B g i) L
> S 5 3 @
g ® = &
> b = &
] - <] e®
] @ % ' L2
=
=z 4
2
]
-— RORA
]
60.9 61 61.1 612 61.3 60.9 61 61.1 61.2 61.3

Position on chr15 (Mb) Position on chr15 (Mb)



15q22.33 - rs2033784

Multi-ancestry
E
15 08
08 rs2033784
:: L
é
(2]
L]
10 ®
[ ]
3
$
2
5
1]

SMADE — SMAD3— IQCH—= MAP2KS _..
r_—
-— AAGAB =— IQCH-AST
C15orfs1—
H
T T T
67 67.2 67.4 676 67.8

Position on chr15 (Mb)

80

- 40

(qi4/W2) 1z uoyEuIqUICSSY

~logyolp-value)

European-ancestry

rs2033784

SMADE = SMAD3—= IQCH—~ MAP2K5 —|
—t
-~ AAGAB - IQCH-AST
C150ri61—
H
T T
67 7.2 674 676 678

Position on chr15 (Mb)

&80

- 40

(qiN/W2) 21es uonEUqUICSSY

22



17q12-21 - rs2952156

Multi-ancestry

30

25 L]
a
20 ®
T [ ]
=2
3 5 .
g o "
1

— STAC2 ~ MED1 "ERBE2— ZPBP2— PSMD3I— <« NRID1
o Weriten - - el -
=— FBXL20 CDK12— - PGAFP3 «— IKZF3 GSDMA—~ THRA—
- - - -
— Ci7ors7 ~GSDMB CSF3—  MSL1—~
Ll - ] L
~ NEUROD2 + ORMDL3 CASC3—
L Ll .
PPPIRIB— LRRCIC— RAPGEFL1 —
- . “e
STARDI—~ - MED24
- -
i T T T T
274 376 378 38 sz

Pasition on chr17 (M)

40

{qWW3) @1e: uaEUgUoseY

~logilp-value)

30

25

20

European-ancestry
i [+1:]
o8 152952156
&- 0.4 -
02 .:
i p é
(-]
: ® % -
i o ® o4
. = @% *
1; o 4 ..!. -
] ®©g
@ o 3 @ o 9,
L
e ¢ g
& TO @%oee ° o ® "a
L]

o (<]

;“.-lon_‘."ﬂo.":?', o GM
. . 00 o
L]

@

« STAC2 ~ MED1 "ERBE2— ZPBP2— PSMD3— -~ NR1D1
H L . - Rl -
=— FBXL20 CDK12— < PGAF3 =— IKZF3 GSDMA—~ THRA—
- S ——— . -
~ Ct7os7 ~—GSDMB CSF3—  MSL1—~
L} - L} -
+ NEUROD2 ~ ORMDL3 CASC3—
. Ll .
PPPIRIB— LRRCIC— RAPGEFL1 —
- L] “e
STARDI—~ - MED24
—- -
i T i T T
74 376 378 38 382

Position on chr17 (Mb)

40

{qWe) a1el uarugIoseY

23



Supplementary Figure 4. Forest Plots of the lead SNPs at the 18 genome-wide significant asthma loci
(nine loci harbouring new signals for asthma followed by nine known asthma loci, as shown in Table 1)

Odds-ratio (OR) and 95% Confidence Intervals (Cl) are plotted by study and by population. European ancestry and multi-ancestry
random-effects meta-analysis results are plotted as a diamond.
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Supplementary Figure 5. Quantile-quantile (QQ) plot for the meta-analysis of pediatric asthma
QQ plots of Prandom Values for all SNPs passing QC in at least two-thirds of the studies
(27 studies; 8,976 cases, 18,399 controls)

Lambda = 0.951
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Supplementary Figure 6. Manhattan plot for the meta-analysis of pediatric asthma
(random- effects model)

The x axis represents chromosomal location and the y axis represents -log10 (P value); the dashed
horizontal line denotes P = 5x10°®. Each locus is annotated by its cytogenetic band location.
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Supplementary Figure 7. Regional plots for the 17g12-21 locus in multi-ancestry and pediatric subgroup meta-analyses
The x axis represents physical location in megabase (build 37) and the Y axis represents —log10 (P value) for tests of association in either the multi-ancestry or pediatric

subgroup meta-analysis (random-effects model) using LocusZoom (see URLs). The rs ID is shown for the lead SNP in the region (purple diamond). For remaining SNPs, the
color indicates the r* measure of LD with the lead SNP.
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Supplementary Tables
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Supplementary Tables 1 and 2 can be found in the Supplementary excel files

Supplementary Table 1. Description of TAGC studies included in the meta-analysis

Supplementary Table 2. Information on genotyping methods, imputation, and statistical analysis by study
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Supplementary Table 3. Effect sizes of the lead SNPs in ancestry-specific and multi-ancestry meta-analyses at the 18 significant loci (P ra,,d(,mSSX10'8)

EUROPEAN ANCESTRY (56 studies)

AFRICAN ANCESTRY (7 studies)

JAPANESE (2 studies)

LATINOS (1 study)

MULTTI-ANCESTRY (66 studies)

iti Allel Pethnic’

Region® SNP ;S;':gr; (R/;e,, EAF® OR (95% CI)® Prandom’ Prixed Pred’  EAF® OR(95% Cl)®  Phxed  Pred  EAF OR (95% CI)? Prixed Pre’ EAF®  OR (95% CI)? p" OR (95% CI)? Prandom’ Pocd Pt
New asthma susceptibility loci
5¢31.3 rs7705042 141,492,419  C/A [0.63 1.08 (1.05-1.11) 1.6x10° 85x10% 0.07 | 0.77 1.12(1.0-1.24) 0.04 0.39 | 0.63 1.17 (1.05-1.31) 5.5x10° 0.98 |0.67 1.10(0.93-1.30)  0.27 |1.09 (1.06-1.12) 7.9x10° 3.1x10™? 0.11| 0.55
6p22.1 rs1233578 28,712,247 A/G 10.13 1.11(1.07-1.15) 5.3x10° 5.3x10° 0.82 [ 0.41 0.98 (0.90-1.07) 0.65 0.73 NA NA NA ]0.15 0.83 (0.66-1.05)  0.12 |[1.09 (1.05-1.12) 5.9x107 5.9x107 0.56| 0.003
6015 rs2325291 90,986,686 G/A 10.33  0.91(0.89-0.93) 8.6x10™"° 8.6x10™ 0.78 | 0.12 1.02(0.89-1.17) 0.78 0.49 | 0.03 1.02(0.74-1.41)  0.88  0.69 [0.30 0.91 (0.76-1.09)  0.30 [0.91 (0.89-0.94) 2.2x10™** 2.2x10™® 0.80| 0.39
12913.3  rsl67769 57,503,775 C/T 0.40 1.08(1.05-1.11) 1.6x107 5.5x10° 0.19 | 0.14 1.14 (1.0-1.29) 0.05 0.71 | 0.21 1.09 (0.95-1.24)  0.22  0.18 | 0.37 1.04 (0.89-1.23)  0.60 [1.08 (1.05-1.11) 3.9x10° 4.6x10™° 0.31| 0.85
17921.33 rs17637472 47,461,433 G/A 10.39 1.08 (1.05-1.11) 3.3x10° 3.3x10° 0.56 | 0.08 0.91(0.77-1.09) 0.32 0.13 | 0.13 1.12(0.95-1.32)  0.18  0.58 [0.22 1.24 (1.03-1.50)  0.02 [1.08 (1.05-1.11) 6.6x10° 1.1x10° 0.35]| 0.12
New signals at loci previously assosiated with asthma in ancestry-specific populations
6p21.33  rs2855812 31,472,720 G/T ]0.23 1.10 (1.06-1.13) 1.7x10° 2.8x10™° 0.23 | 0.25 1.14(1.03-1.26) 0.01 0.82 | 0.15 1.08(0.93-1.25)  0.34  0.89 [0.15 1.25(1.01-1.55)  0.04 |1.10 (1.07-1.13) 8.9x10™** 1.9x10™® 0.39| 0.58
10p14 rs2589561 9,046,645 A/G [0.82 0.90(0.87-0.94) 1.4x10° 1.4x10® 0.78 | 0.86 0.99 (0.87-1.12) 0.83 0.74 | 0.81 0.84(0.73-0.96) 9.8x10° 0.60 | 0.89 1.06 (0.80-1.39)  0.69 [0.91(0.88-0.94)  3.5x10° 3.5x10° 0.82| 0.25
Asthma signals previously reported for asthma plus hay fever
8g21.13  rs12543811 81,278,885 G/A [0.66 0.93 (0.91-0.95) 3.4x10° 3.0x10® 0.47 | 0.59 0.93 (0.85-1.02) 0.12 0.72 | 0.38 0.82(0.74-0.92) 7.6x10“ 0.71 [0.52 0.91(0.78-1.07)  0.25 ]0.92 (0.9-0.95)  1.1x10™° 1.1x10™ 0.54]| 0.24
16p13.13 rs17806299 11,199,980 G/A 10.20  0.90 (0.88-0.93) 2.1x10™° 2.1x10™° 0.51 | 0.06 0.94 (0.78-1.13) 0.50 0.20 | 0.09 0.92 (0.76-1.12)  0.40  0.78 [0.11 1.08 (0.84-1.39)  0.56 [0.91 (0.88-0.94) 2.7x10™° 2.7x10™° 0.49| 0.58
Knwon asthma loci
2q12 rs1420101 102,957,716  C/T [0.37 1.12(1.10-1.15) 9.1x10%° 9.1x10% 0.63 | 0.33 1.12(1.03-1.23) 0.01 0.59 | 0.42 1.04 (0.94-1.16)  0.44  0.05 [0.27 1.09 (0.92-1.30)  0.31 [1.12(1.09-1.15) 3.9x10* 3.9x10% 0.61| 0.64
5q22.1 rs10455025 110,404,999  A/C [0.34 1.15(1.12-1.18) 2.0x10%® 2.0x10% 0.53 [ 0.09 1.0 (0.84-1.18)  0.99 0.55 | 0.04 1.34(1.01-1.77)  0.04  0.85 [0.25 1.11(0.93-1.34)  0.25 |1.15(1.12-1.18) 9.4x10%° 9.4x10%® 0.57| 0.27
5q31 rs20541 131,995,964  A/G [0.79 0.89 (0.86-0.91) 1.4x107** 1.4x10™* 0.73 [ 0.82 0.93(0.83-1.04) 0.21 0.43 | 0.69 0.86(0.77-0.97)  0.01  0.58 |0.56 0.96 (0.81-1.14)  0.63 |0.89 (0.87-0.92) 5.0x10™® 5.0x10%° 0.77| 0.62
6p21.32  rs9272346 32,604,372 G/A 10.56 1.16 (1.13-1.19) 4.8x102® 2.4x10%® 0.46 | 0.51 1.11(1.02-1.21) 0.02 0.004 | 0.53 1.13(1.01-1.27)  0.03  0.90 [0.69 1.32 (1.09-1.59) 0.004 [1.16 (1.12-1.19) 5.7x10%* 8.2x10°2 0.14| 0.43
9p24.1 rs992969 6,209,697 A/G [0.75 0.85(0.82-0.88) 1.1x10% 4.3x10%° 0.008| 0.70 0.91(0.83-1.0) 0.05 0.60 | 0.97 0.92(0.67-1.26)  0.59  0.66 |0.83 0.83 (0.67-1.02)  0.08 [0.86 (0.83-0.88) 7.2x10%° 3.3x10°° 0.02| 0.57
11913.5 rs7927894 76,301,316 C/T ]0.37 1.10(1.07-1.13) 3.5x10™* 3.2x10%? 0.38 | 0.35 1.12(1.02-1.23) 0.01 0.86 | 0.13 1.23(1.05-1.45)  0.01  0.88 |0.24 1.01(0.82-1.25)  0.89 [1.10(1.08-1.13) 2.2x10™* 2.2x10** 0.56| 0.47
15922.2  rs11071558 61,069,421 A/G [0.14 0.89(0.85-0.92) 1.9x10%° 8.3x107' 0.44 | 0.32 0.92(0.83-1.01) 0.08 0.21 | 0.23 0.81(0.71-0.93) 2.6x10° 0.07 |0.12 1.18 (0.93-1.50)  0.18 [0.89 (0.86-0.92) 1.3x10° 3.1x10°? 0.19| 0.06
15922.33 rs2033784 67,449,660 A/G [0.30 1.11(1.08-1.14) 2.5x10** 2.5x10* 0.75 | 0.44 1.07 (0.98-1.17) 0.11 0.51 | 0.40 1.09 (0.97-1.21)  0.14  0.24 | 0.36 0.98 (0.83-1.16)  0.83 [1.10 (1.08-1.13) 7.4x10® 7.4x10™° 0.76| 0.48
17q12-21 rs2952156 37,876,835 A/G [0.70 0.86(0.84-0.88) 7.6x10%° 7.6x10%° 0.55 | 0.60 0.94 (0.85-1.03) 0.17 0.36 | 0.51 0.88(0.79-0.98)  0.02  0.37 [0.57 0.84 (0.7-1.02) 0.07 |0.87 (0.84-0.89) 2.2x10% 2.2x10*° 0.52| 0.35

Each locus is represented by the variant with the strongest evidence for association in the European-ancestry or multi-ancestry meta-analysis (as shown in Table 1’

Cytogenetic band

° R=reference allele /E=effect allele. “EAF = Effect allele frequency

0dds-ratios (ORs) and 95% Confidence Intervals (Cl) were computed for the effect allele under a random-effects model (European ancestry and multi-ancestry meta-analyses) or fixed-effects model (African ancestry and Japanese meta-analysis) or in the Latino GWAS

®Prandom fOT test of association between SNP and asthma under a random-effects model

fPﬂ,(ﬂ, for test of association between SNP and asthma under a fixed-effects model

EP,.¢ for test of heterogeneity across studies with the use of Cochran’s Q test

"p for test of association between SNP and asthma in the Latino GWAS

iPemmc for test of heterogeneity between ancestry-specific effect sizes

NA= the SNP did not pass QC in the Japanese studies
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Supplementary Table 4 can be found in the Supplementary excel files

Supplementary Table 4. Genome-wide significant SNPs in the European-ancestry meta-analysis.
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Supplementary Table 5. Genetic loci associated with asthma in the African-ancestry meta-analysis
Results of this analysis (2,149 cases, 6,055 controls) are shown for the lead SNP at each locus having Pfiyeq < 10

Region®  Lead SNP Ez;i;ig; Nearby genes® ?RII/eEI)e; EAFY  OR (95%Cl) Prixed’ Phet®
1p3.1 rs10157802 74,110,649 NEGRI1,LRRIQ3 G/A 0.82 0.78 (0.69-0.87) 7.3x10°® 0.66
1923.3 rs1348135 163,776,298 NUF2,PBX1 c/T 0.05 0.57 (0.44-0.73) 8.8x10% 0.28
19423 rs10924970 235,362,960  ARID4B,RBM34,GGPS1 T/C 0.61 1.25(1.14-1.37) 2.9x10® 0.58
2p23.3 rs4268898 24,490,413 ITSN2,C20rf84,NCOA1 /T 0.56 0.79 (0.73-0.87) 1.9x107 0.48
3p24.2 rs12634582 24,282,432 THRB,NR1D2,RARB T/C 0.38 1.26 (1.14-1.40) 9.0x10% 0.88
3p22.3 rs9870718 36,239,406 ARPP21,STAC /T 0.36 0.81 (0.74-0.89) 8.7x10% 0.75
7pl14.1 rs10233459 42,040,986 GLI3,INHBA,C70rf25 A/G 0.05 1.57(1.30-1.91) 4.2106 0.51
11g23.2 rs4938096 114,235,730 NNMT,C11orf71 /T 0.21 1.30(1.17-1.44) 1.1x10® 0.31
12q24.33 rs10773588 129,511,610 GLT1D1,TMEM132D G/T 0.06 0.59 (0.47-0.74) 4.5x10% 0.29
14912 rs10141207 32,691,785 ARHGAP5,AKAP6 G/A 0.35 1.24 (1.13-1.36) 3.9x10® 0.40
20q13.12 rs16989837 43,859,099 SLP1,SEMG2 c/T 0.10 1.39(1.21-1.60) 3.1x10® 0.13

aCytogenetic band

bGenes coding for proteins; the gene where eventually the lead SNP lies is first indicated followed by the previous gene and next gene
cR=reference allele /E=effect allele; 9EAF = Effect allele frequency

e0dds-ratios (ORs) and 95% Confidence Intervals (Cl) were computed for the effect allele under a fixed-effects model

fPrixed fOr test of association between SNP and asthma under a fixed-effects model
8Ppe: for test of heterogeneity across studies with the use of Cochran’s Q test
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Supplementary Table 6. Genetic loci associated with asthma in the Japanese meta-analysis
Results of this analysis (1,239 cases, 3,976 controls) are shown for the lead SNP at each locus having Pfyeq < 10

Region® Lead SNP Ez;i;ig; Nearby genes® (‘::'/'EE'; EAFY  OR (95%Cl)® Pried Prot
1gq32.1 rs1122396 201,138,428 TMEMSY,IGFN1 G/A 0.51 0.76 (0.68-0.85) 1.5x10°® 0.83
7p143  rs10951405 34,043,348 BMPER,BBSI,NPSRI C/T 089  144(1.24-168)  2.8x10° 0.28
11g22.1  rs3758697 100,709,894 ARHGAP42,CNTNS,TMEM133  G/A 030 133 (1.18150)  2.4x10° 0.20
20p13 rs6084352 3,348,407 C200rf194, SLC4A11, ATRN A/G 0.30 1.31(1.16-1.47) 6.6x10° 0.77

aCytogenetic band

bGenes coding for proteins; the gene where eventually the lead SNP lies is first indicated followed by the previous gene and next gene

cR=reference allele /E=effect allele. dEAF = Effect allele frequency

eOdds-ratios (ORs) and 95% Confidence Intervals (Cl) were computed for the effect allele under a fixed-effects model

fPrixeq fOr test of association between SNP and asthma under a fixed-effects model
8Phet for test of heterogeneity across studies using the Cochran’s Q test

Supplementary Table 7. Genetic loci associated with asthma in Latinos
Results of this analysis (606 cases, 792 controls) are shown for the lead SNP at each locus having P< 10

Region® Lead SNP Eﬁ;i;i;; Nearby genes® (‘:';E'; EAFY  OR (95%CI)° Pf

1p31.1 rs2352521 79,256,105 [IFI44,ELTD1 C/T 0.72 1.66 (1.33-2.06) 4.9x10°%
1g31.3  rs6694672 196,945,789 CFHR2,CFHRS T/G 005  213(152-297)  9.4x10%
5p13.2 rs12521260 37,881,414 GDNFEGFLAM G/T 0.28 1.52(1.27-1.81) 3.0x10°®
8923.3  rs12542922 117,333,797 TRPSLEIF3H A/G 028  0.61(0.49-0.74) 1.7x10%
8q24.12 rs2073617 119,964,283 TNFRSF11B,SAMD12,COLEC10 G/A 0.37 1.46 (1.24-1.71) 4.7x10%
1913.31  rs4802207 44,600,377 ZNF224,ZNF284,ZNF225 C/T 059  068(0.57-0.81)  9.5x10°¢
21g21.1  rs2825968 21,415,693 TMPRSS15,NCAM?2 T/C 051  069(0.59-0.81)  5.8x10°

aCytogenetic band

bGenes coding for proteins; the gene where eventually the lead SNP lies is first indicated followed by the previous gene and next gene

cR=reference allele /E=effect allele. 9EAF = Effect allele frequency
e0dds-ratios (ORs) and 95% Confidence Intervals (Cl) were computed for the effect allele
fp for test of association between SNP and asthma
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Supplementary Table 8 can be found in the Supplementary excel files

Supplementary Table 8. Genome-wide significant SNPs in the multi-ancestry meta-analysis.
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Supplementary Table 9. Tests of association of the 18 lead SNPs with asthma with and without Genomic Control (GC) correction

European-ancestry analysis

Multi-ancestry analysis

Allele P, random P, random P, random P, random
Region? Lead SNP Position® Nearby genes® (R/F)® EAFe without with without with
GC correctionf  GC corrections GC correctionf  GC corrections
New asthma susceptibility loci
5g31.3 rs7705042 141,492,419 NDFIP1, GNDPA1, SPRY4 C/A 0.63 1.6x10° 2.3x10°% 7.9x10° 1.7x10%
6p22.1 rs1233578 28,712,247  GPX5, TRIM27 A/G 0.13 5.3x10° 9.0x 10 5.9x107 1.0x10°
6915 rs2325291 90,986,686 BACH2, GJA10, MAP3K7 G/A 0.33 8.6 x 1013 1.9x1012 2.2x1012 6.6 x 1012
12g13.3 rs167769 57,503,775 STAT6, NAB2, LRP1 /T 0.40 1.6x 107 2.4x107 3.9x10° 8.5x10°
17q21.33 rs17637472 47,461,433 ZNF652, PHB G/A 0.39 3.3x10° 5.6x10° 6.6 x 10° 1.4x10%
New signals at loci previously associated with asthma in ancestry specific populations
6p21.33 rs2855812 31,472,720 MICB, HCP5, MCCD1 G/T 0.23 1.7x108 2.7x108 8.9x 1012 2.5x 1011
10p14 rs2589561 9,046,645 GATA3,CELF2 A/G 0.82 1.4x 108 2.4x108 3.5x10° 7.7 x10°
Asthma signals previously reported for asthma plus hay fever
8021.13 rs12543811 81,278,885 TPD52, ZBTB10 G/A 0.66 3.4x108 5.5x108 1.1x 1010 2.8 x1010
16p13.13 rs17806299 11,199,980 CLEC16A, DEXI, SOCS1 G/A 0.20 2.1x10710 3.9x 1010 2.7 x 1010 6.5 x 1010
Known asthma loci
2q12 rs1420101 102,957,716  IL1RL1,IL1RL2, IL18R1 c/T 0.37 9.1x 1020 3.2x10% 3.9x 102 2.8x 1020
5q22.1 rs10455025 110,404,999 SLC25A46,TSLP A/C 0.34 2.0x10% 1.1x102* 9.4 x 102 1.1x1024
5931 rs20541 131,995,964 IL13, RAD5O, IL4 A/G 0.79 1.4x104 3.4x101 5.0x 1016 2.2x 101
6p21.32 rs9272346 32,604,372 HLA-DRBI1, HLA-DQA1 G/A 0.56 4.8 x 1028 3.0x10% 5.7 x10% 5.5x10%
9p24.1 rs992969 6,209,697 RANBPE, IL33 A/G 0.75 1.1x10% 3.3x10" 7.2x 1020 4.6x1071
11g13.5 rs7927894 76,301,316  C1lorf30, LRRC32 /T 0.37 3.5x101! 6.9x 1011 2.2x101 8.2 x 1014
15q22.2 rs11071558 61,069,421 RORA, NARG2, VPS13C A/G 0.14 1.9x 10710 3.5x 1010 1.3x10° 2.9x10°
15922.33  rs2033784 67,449,660 SMAD3, SMAD6, AAGAB A/G 0.30 2.5x101 6.0 x 1014 7.4x101 2.9x1014
17q12-21 rs2952156 37,876,835 ERBB2, PGAP3, C170rf37 A/G 0.70 7.6x 102 5.0x 102 2.2x 1030 4.1x102°

Each asthma risk locus is represented by the variant with the strongest evidence for association in the European-ancestry or multi-ancestry analysis (as shown in Table 1)

aCytogenetic band
b SNP Position, build 37.

¢Genes coding for proteins; the gene where eventually the SNP lies is first indicated followed by the previous gene and next gene.

drR=reference allele /E=effect allele.
eEAF=Effect allele frequency

fP-value for test of association of SNP with asthma (random-effects model) without GC correction.
8P-value for test of association of SNP with asthma (random-effects model) with GC correction, the lambda parameter is 1.031 in the European-ancestry analysis

and 1.046 in the multi-ancestry analysis
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Supplementary Table 10. Genetic loci associated with pediatric asthma

Results of this analysis (8,976 cases, 18,399 controls) are shown for the lead SNP at genome-wide significant loci

(Prandom < 5X10-8)

Position Alleles OR
Region® Lead SNP . Nearby Genes® P e Pried' Ppe®
g build 37 Y (R/E)C (95%C|)d random fixed het
ILIRL1,ILIRL2, 0.85
, ’ -13 -13
2¢12.1 rs4988958 102,968,285 IL18R1 T/C (0.82-0.89) 5.4x10 5.4x 10 0.78
5¢31.1 rs1295685 131,996,445 |[L13,RAD50,IL4 A/G © 2282 9) 1.7 x10° 1.7 x10° 0.89
6p21.33 rs2596464 31,412,961 MICA,MICB T/C (1 015-11217) 1.4x108 1.4x108 0.47
IL33, RANBPE6, 0.89
4 4 -8 -8
9p24.1 rs12551256 6,231,239 TPD52L3 A/G (0.86-0.93) 2.8x10 2.8x10 0.51
17q12-21 rs8069176 38,057,197 ZPBP2,GSDMB G/A (0 707.?(;)83) 4.4x1072 4.4x1072 0.77

aCytogenetic band

bGenes coding for proteins; the gene where eventually the lead SNP lies is first indicated followed by the previous gene and next

gene
cR=reference allele /E=effect allele.

d0dds-ratios (ORs) and 95% Confidence Intervals (Cl) were computed for the effect allele under a random-effects model
P andom fOT test of association between SNP and asthma under a random-effects model
fPred fOr test of association between SNP and asthma under a fixed-effects model

8Ppet for test of heterogeneity across studies with the use of Cochran’s Q test
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Supplementary Table 11 can be found in the Supplementary excel files

Supplementary Table 11. Association of 17q12-21 SNPs with asthma in multi-ancestry and pediatric
meta-analyses
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Supplementary Table 12. Association between cis-gene transcripts in blood and lung and 17q12-21 SNPs

a. Association between gene transcripts and lead asthma SNPs (rs2952156 in multi-ancestry meta-analysis and rs8069176 in

pediatric meta-analysis)

. PMID for
Asthma Position Nearby  Source Tissue Gene Prransain® Gene P 4 Gene P 4 Gene P o0 QL
SNP build 37 genes® database® transcript ranscript transcript transcript transcript transcript transcript transcript
database
rs2952156 37,876,835 ERBB2 Blood_eQTL Blood  ORMDL3  5.2x10%®°  GSDMB 3.7x10%°  pPPP1R1IB  1.8x10°® 24013639
PGAP3  GTEx Blood GSDMB 1.1x10° ORMDL3  3.7x10° 25954001
C170rf37 MUTHER LCLs ORMDL3 3.3x107 ZPBP2 3.3x10"  GSDMB 9.9x107 22941192
MRCA LCLs ORMDL3 1.1x10%® GSDMB 9.3x10°® 23345460
MRCE LCLs GSDMB 7.7x10°Y ORMDL3 5.6x10° 23345460
GTEX Lung PGAP3 1.0x10° ORMDL3  1.5x107 25954001
Hao, 2012 Lung CDK12 2.0x10% GSDMA 1.3x10  PGAP3 1.1x10® GSDMB 3.9x10% 23209423
rs8069176 38,057,197 ZPBP2 Blood_eQTL Blood ORMDL3 9.8x101%8 GSDMB 9.8 x10%8 24013639
GSDMB  GTEx Blood ORMDL3 1.2x102%¢ GSDMB 3.1x10% 25954001
MuTHER LCLs ORMDL3  2.6x107% ZPBP2 5.5x10"*  GSDMB 1.9x10*? 22941192
MRCA LCLs ORMDL3 1.0x10% GSDMB 4.3x10% 23345460
MRCE LCLs GSDMB 1.0x10°% ORMDL3 2.7x10°% 23345460
GTEx Lung ORMDL3  3.6x10° GSDMA 1.6x10® 25954001
Hao, 2012 Lung GSDMA 2.2x10% GSDMB 3.8x10?  CDK12 3.0x107 ORMDL3 1.6x10° 23209423

2Genes coding for proteins; the gene where eventually the SNP lies is first indicated, followed by the previous and next genes.

beQTL databases are described in Online Methods

‘Blood is whole blood; LCL = lymphoblastoid cell lines; Lung is whole lung tissue

4Prranscript fOr test of association of SNP with gene transcript

b. Association analysis of gene transcripts with lead asthma SNPs (rs2952156, rs8069176) and peak SNPs for gene transcripts

This analysis used the summary statistics from GTEx eQTL-database, available in both blood (n=338) and lung (n=278)
To assess whether the asthma-associated SNP accounted for a substantial proportion of the association of the peak SNP with the transcript,
we performed approximate conditional analysis, using the GCTA software (PMID 23756893), by conditioning the peak SNP for a particular
gene transcript on the asthma-associated SNP (we used the ECRHS dataset as the reference sample to estimate LD).

As can be seen in this table (results in bold), rs8069176 accounts for a large part of the association of the peak SNP (rs9303281) with
ORMDL3 transcript in blood while rs2952156 accounts for a large part of the association of the peak SNP (rs2941505) with PGAP3 transcript

in lung.
Association of lead asthma SNP . . .
. . Association of peak SNP with transcript
with transcript

Tissue  Gene transcript AsthmaSNP  Position  Pyranscript® Peak SNP®  Position r2  Pianscript’ Pad®
Blood ORMDL3 rs2952156 37,876,835 3.7x10° rs9303281 38,074,046 0.39 6.3x10%° 7.6x10%
rs8069176 38,057,197 1.2x10%¢ rs9303281 38,074,046 0.79 6.3x10%° 2.2x10*
GSDMB rs2952156 37,876,835 1.1x10° rs8067378 38,051,348 0.46 1.0x10% 1.0x108

rs8069176 38,057,197 3.1x10% rs8067378 38,051,348 0.81 1.0x10°%* 8.6x10°%

Lung PGAP3 rs2952156 37,876,835 1.0x10° rs2941505 37,832,704 0.84 5.6x102 1.5x103
rs8069176 38,057,197 1.4x10°3 rs2941505 37,832,704 0.35 5.6x10™"2 2.6x10°

ORMDL3 rs2952156 37,876,835 1.5x107 rs3816470 37,985,801 0.45 6.1x10*° 2.2x10%

rs8069176 38,057,197 3.6x10° rs3816470 37,985,801 0.74 6.1x10" 5.2x107
GSDMA rs2952156 37,876,835 1.3x103 rs3859192 38,128,648 0.13 1.5x103° 1.4x10%
rs8069176 38,057,197 1.6x10® rs3859192 38,128,648 0.28 1.5x1073° 4.8x10%°

?P-value for association of the asthma SNP with gene transcript
®Most significant SNP (peak SNP) associated with gene transcript

“Correlation (r?) between the asthma SNP and the peak SNP
d4p-value for association of the peak SNP with gene transcript; ¢P-value for the peak SNP after conditioning on the asthma SNP
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Supplementary Table 13. Asthma loci reported in the GWAS catalog (P<5x10'8) that did not reach genome-wide significance in the TAGC meta-analyses

TAGC meta-analyses

African- . .
Multi-ancestry European-ancestry rican Japanese || Latino Pediatric Published study Number and Proportion of published
Effect allele frequency” ancestry ) .
ancestry, no. cases study cases in TAGC
Total # | Multi-
Position TAGC Ances- Disc- | Repli- i %cal|%cal|%cal|%ca
REGION ) Er®| EU [ AF | AP | LAT [[Prand®| pfix? |Phet®||Prand®| Pfix | Phet®|[ Pfix? |Phete|| Pfix? [Phetsf| P! [[Prand| Pfix’ |Phet® Total Pl cain |ancest| "3 [* @A
build 37 SNP try overy |cation EU | AF | JAP | LAT
TAGC | ry (%)
7922.3 ]105,658,451 [rs6967330 G | 0.16]0.22( 0.10 | 0.12|jox10* |2x10™ [0.03 ||3x10° [6x10™ [0.006 |[0.37 ]0.99 [0.21 |0.78 |INA 2x10° |3x10° ]0.008|[EU 8,414 1,173 7,241 16,876 0.29 | 0.34] NA NA | NA
10g24.2 |100,739,770 [rs17111026* | G | 0.02| 0.02 | 0.17 | 0.02][0.16 |[0.16 [0.65 |(0.02 ]0.02 |0.77 |(0.45 ]0.29 |/0.87 0.32 |0.91 0.72 0.74 0.41
EU AF,
4912 59,213,845 |rs17218161 T | 0.01]0.00| 0.10 | 0.03 ||INA NA NA NA NA NA NA NA INA NA NA NA NA NA AT 527 429 98 0 0 0 0 NA 0
9p23 12,521,826 |[rs16929097 G |0.01f{0.10| 0.00| 0.02]/0.81 ]0.81 |0.56 [0.62 ]0.67 ]0.37 [0.31 ]0.91 ||[NA NA 0.85 0.13 ]0.13 |0.81
1921.3 |154,426,264 [rs4129267 C [0.35]0.15] 0.36 | 0.54|[sx107 |8x10® |0.19 |[5x10° |6x107 |0.19 [0.92 [0.88 [[2x10° [0.13 [[0.68 0.08 0.02 [0.05 |[EU 15,797 (12,475 |3,322 |[12,687 | 0.53 | 0.64| NA | NA | NA
EU, AF
5q12.1 |59,369,794 |rs1588265 A |0.34(0.25|0.72 0.26]0.55 ]0.55 ]0.50 [l0.65 ]0.65 ]0.66 [l0.80 ]0.32 [[0.95 (0.01 ||0.42 0.59 0.64 0.25 LA']' 17,346 |359 6,987 |[3,011 0.13 1 0.11) 0.21| NA [0.58
12913.2|56,412,487 ([rs1701704 T ]0.31]0.16|0.31 0.17[2x10® |5x10°® |0.01 [[5x10° [6x10™° |0.03 |0.67 |0.80 |[5x10* [0.05 [|0.22 0.21 |0.08 |0.01
JAP 7,171 1,532 5,639 |[301 0.01 | NA NA [ 0.24] NA
4031.21 |144,003,159 |rs7686660 T |0.2010.44]0.75] 0.52(/0.88 |0.84 |0.23 [[0.99 [0.95 [0.17 [[0.86 [0.44 ||0.69 0.18 |0.53 0.19 0.13 0.17
22012.3|37,534,034 |rs2284033 G | 0.42]0.39]0.59| 0.37|[sx10° [1x10* [0.15 ||5x10° [8x10® [0.11 [f0.58 [0.33 |j0.49 |0.62 [[0.52 2x10° |2x10° 10.82 |[FU 10,365 |10,365 |NA 8,082 0.34 1 0.41] NA | NA | NA
JJAP,KO
8024.11 |118,025,645 |rs3019885 T |0.48]10.18] 0.36] 0.58(/0.99 [0.89 |0.05 [f0.81 |0.73 |[0.07 [f0.11 [0.37 ||0.47 |0.61 |0.09 0.86 |0.74 |0.06 R ’ 2,591 [938 1,653 ||938 0.04 | NA | NA | 0.60| NA
1931.3 |197,325,908 [rs2786098 T 10.7510.92]10.79] 0.87(/0.87 |0.87 |0.81 [[0.49 |0.49 [0.92 [f0.96 [0.32 ||0.15 |0.08 ||0.23 0.83 [0.83 |0.62 |[EU, AF |3,377 [793 2,584 |[1,088 0.05 | 0.03]0.21| NA | NA
1923.1 |158,932,555 [rs1101999 C | 1.000.75] 1.00 | 0.98 |INA NA NA NA NA NA 1x10™ [0.26 [INA NA NA NA NA NA AF 3,759 |[1,612 2,147 1,257 0.05 | NA | 0.58] NA | NA

The five published loci with P-values <10™ in at least one TAGC meta-analysis are shown in bold
Note: Individual studies do not have always the same sample size in the original publication and TAGC.
?EA = effect allele as used in TAGC analyses

®The effect allele frequency, shown here, is from the populations of the 1000 Genomes project.
“Prand for test of association between SNP and asthma under a random-effects model (NA when the SNP did not pass QC)

9pfix for test of association between SNP and asthma under a fixed-effects model; P is the P-value for test of association in Latino (NA when the SNP did not pass QC).

Phet for test of heterogeneity across studies with the use of Cochran’s Q test (NA when the SNP did not pass QC).

Total no. of cases from the published study included in TAGC and proportion of cases from the published study among TAGC cases according to ancestry (NA when an ethnic group was not part of the published study).
*rs17111026 is a proxy (r2=1) of the SNP reported in the GWAS catalog (rs12570188); no proxy that passed QC was found for the 4912 SNP (rs17218161).
EU=European-ancestry, AF= African-ancestry, JAP=Japanese, LAT= Latino, KOR=Koreans.
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GWAS Catalog

Position TAGC Studied reported
REGION X PMID R catalog.rs catalog.pval
build 37 SNP Trait 9 g-pvi gene
Asth 2.7x10™
7922.3 105,658,451  |rs6967330 24241537 (Csh"z])a rs6967330 X CDHR3
10924.2 100,739,770 rs17111026* 23829686 rs12570188 [5.0 x10°® HPSE2
Asthma 5
4q12 59,213,845 rs17218161 23829686 (child) rs17218161 (2.0 x10 SRIP1 - MIR548AG1
9p23 12,521,826 rs16929097 23829686 rs16929097 (8.0 x10® JKAMPP1 - TYRP1
1021.3 154,426,264 rs4129267 21907864 |Asthma  [rs4129267  [2.0 x10® IL6R
5q12.1 59,369,794 rs1588265 19426955 |Asthma  |rs1588265  [3.0 x107® PDE4D
12013.2 56,412,487 rs1701704 21804548 rs1701704  [2.0 x10™ IKZF4
Asthma
4931.21 144,003,159 rs7686660 21804548 rs7686660  [2.0 x10™2 USP38, GABL
22q12.3 37,534,034 rs2284033 20860503 |Asthma  [rs2284033  [1.0 x10® IL2RB
Asthma 13
8g24.11 118,025,645 rs3019885 21814517 (child) rs3019885  [5.0 x10 SLC30A8
Asthma 13
1931.3 197,325,908 rs2786098 20032318 (child) rs2786098 2.0 x10 DENND1B
1023.1 158,932,555 rs1101999 21804549 |Asthma  [rs1101999  [4.0 x10° PYHIN1
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Supplementary Table 14. Association analyses of the 1g21.3 and 22g12.3 SNPs in two sets of TAGC datasets

European-ancestry meta-analysis® Multi-ancestry meta-analysis®
Region Gene SNP? AIIelis EAFC TAGC set fixed-effects model fixed-effects model
R/E % of TAGC cases . % of TAGC cases .
beta (se) Pfixed® beta (se) Pried®
per set® per set®
1921.3 IL6R rs4129267 c/T 0.39 Set P 64% 0.078 (0.016) 9.8 x 107 53% 0.078 (0.016) 9.8 x 107
Set R 36% 0.038 (0.021) 0.07 47% 0.047 (0.018) 0.01
Phet" 0.13 0.20
22912.3  IL2RB  rs2284033 G/A 0.45 Set P 41% -0.079 (0.020) 7.2x10° 34% -0.079 (0.020) 7.2x10°
SetR 59% -0.031 (0.016) 0.06 66% -0.028 (0.015) 0.06
Phet" 0.06 0.04

The two sets of TAGC datasets are: the set P which includes TAGC datasets that were part of the original publication reporting association with asthma and the set R which includes the remaining TAGC datasets.
Note that Individual studies do not have always the same sample size in the original publication and TAGC.

2Lead SNP reported associated with asthma in European-ancestry populations in the GWAS catalog (PMID: 21907864 for IL6R rs4129267 and PMID: 20860503 for IL2RB rs2284033).

b R=reference allele /E=effect allele. “EAF=Effect allele frequency in European-ancestry populations.

9The results presented in this table were those obtained in a fixed-effects European-ancestry or multi-ancestry meta-analysis to test for heterogeneity of SNP effect size between the two sets.

¢The proportions (%) of TAGC cases per set are the proportion of cases from the published study that are included in the TAGC European-ancestry or multi-ancestry meta-analysis for set P and the proportion of the
remaining TAGC cases for set R.

fBeta (se) is the regression coefficient (standard error) for a one-unit increase of the effect allele (logit scale) estimated in either one of the meta-analyses under a fixed-effects model

BPsived for test of association between SNP and asthma

" Phec for test of difference in SNP effect size between set P and set R using the Cochran’s Q test.




Supplementary Table 15. Approximate conditional analysis of asthma-associated loci

Approximate conditional analysis, using the GCTA software (PMID 21167468; see URLs), is based on summary meta-analysis statistics under a fixed-effects
model. This analysis was only conducted in European-ancestry populations that are assumed to share a similar LD pattern Note that this analysis could not
be done at the 9p24.1 locus which shows heterogeneity in SNP effect size across studies. At the 17q12-21, this analysis was restricted to the pediatric
subgroup in which this locus does not show heterogeneity (see Online Methods for details).

Meta-analysis results® Conditional analysis

results’
Cytogc?netlc Conditional SNP? SNP Position Nearby genes® Effect EAFY Beta SE Prixed Beta SE Pixed
Region allele®

New asthma susceptibility loci
5q31.3 TOP rs7705042 141,492,419  NDFIP1, GNPDA1, SPRY4 A 0.63 0.08 0.01 8.5x10%

rs7705042 rs13359221 141,035,880  ARAP3, FCHSD1, PCDH1 A 0.05 009 0.03 16x103 0.09 0.03 16x10°3
6p22.1 TOP rs1233578 28,712,247 GPX5, TRIM27 G 013 010 0.02 53x10°

rs1233578 rs7509 27,418,847  ZNF184, ZNF319, HIST1H2BL G 0.54 -0.04 0.01 6.1x10* -0.03 0.01 5.9x103
6q15 TOP rs2325291 90,986,686  BACH2, GIA10, MAP3K7 A 0.33 -0.10 0.01 8.6x10%

rs2325291 rs1144157 91,184,183  BACH2, MAP3K7 G 0.67 -005 0.01 7.7x10° -0.05  0.01 1.2x10*
12q13.3 TOP rs167769 57,503,775  STAT6, NAB2, LRP1 T 0.40 0.08 0.01 5.5x10°

rs167769 rs10876932 57,217,358  HSD17B6, SDR9C7 G 058 -004 0.01 57x10* -0.05 001 1.2x10*
17q21.33 TOP rs17637472 47,461,433 ZNF652, PHB A 039 008 0.01 33x10°

rs17637472 rs7214992 47,196,053  IGF2BP1,B4GALNT2 T 024 -004 0.02 32x10°3 -0.05 0.02 1.6x103
New asthma signals at loci previously associated with asthma in ancestry-specific populations
6p21.33 TOP* rs2596464 31,412,961  MICA, MICB C 048 009 001 18x101

rs2596464 rs2855812 31,472,720  MICB, MICA, MCCD1 T 0.23 0.09 0.01 2.8x10% 0.07 0.01 4.3x107

rs2596464 + rs2855812 rs2844510 31,410,408  MICA, MICB T 011 0.08 0.2 3.5x10° 0.09 0.02 15x10°¢

rs2596464 + rs2855812 rs9263879 31,171,581  POUSFL, HLA-C A 012 007 002 44x10¢  -007 002 1.1x10%

+rs2844510
10p14 TOP* rs1663687 9,054,787  GATAS3, CELF2 A 039 -008 001 15x10%

rs1663687 rs2646437 8,566,311  GATAS3, CELF2 A 047 -006 001 94x10%  -0.05 0.01 4.8x10°
Asthma signals previoulsy reported for asthma plus hay fever
8q21.13 TOP* rs10957979 81,289,787  TPD52, ZBTB10 G 0.65 -0.07 0.01 23x10%

rs10957979 rs12675564 80,864,649  MRPS28, HEY1, TPD52 G 072 003 0.01 001 0.04 0.01 7.8x10°3
16p13.13 TOP rs17806299 11,199,980  CLEC16A, DEXI, SOCS1 A 020 -0.10 0.02 2.1x10%°

rs17806299 rs193772 11,299,077  CLEC16A, SOCS1 C 0.87 -0.09 0.02 2.6 x10° -0.07 0.02 1.5x10*
Known asthma loci
2q12 TOP* rs3771180 102,953,617  ILIRL1, ILIRL,IL18R1 T 014 -017 0.02 15x10%

rs3771180 rs1420101 102,957,716  IL1RL1,IL1RL2, IL18R1 T 0.37 0.12 0.01 9.1x102% 0.08 0.01 2.2x10*
5q22.1 TOP rs10455025 110,404,999  SLC25A46, TSLP C 034 014 001 20x10%

rs10455025 rs6893213 110,198,114  SLC25A46, TSLP T 0.08 0.15 0.02 79x10% 0.13 0.02 2.5x10°

rs10455025 + rs6893213 rs10043185 109,976,588  TMEM232,MAN2A1,5LC25A46 A 0.05 0.07 0.03 0.02 0.12 0.03 1.1x10*
5q31 TOP rs20541 131,995,964  IL13, RAD50,IL4 G 079 -012 0.02 14x10%

rs20541 rs6894249 131,797,547  SLC22A5, IRF1 G 0.39 0.09 0.01 2.2x10% 0.08 0.01 1.3x10°
6p21.32 TOP rs9272346 32,604,372  HLADRBI, HLA-DQA1 A 056 015 0.01 24x102

rs9272346 rs3763309 32,375,973 BTNL2, HLA-DRA A 021 013 002 13x10% 0.09 0.01 1.2x10°

rs9272346 + rs3763309 rs241429 32,803,840 TAP2, HLA-DOB, PSMB8 G 0.58 -0.07 0.01 29x10% -0.05 0.01 4.8x10°
11q13.5 TOP* rs2155219 76,299,194  C1lorf30, LRRC32 T 046 011 001 29x10%

rs2155219 rs4944120 76,436,948  LRRC32, TSKU G 024 -002 0.01 012 -0.03  0.01 2.5x10?2
15922.2 TOP rs11071558 61,069,421  RORA, NARG2, VPS13C G 014 -012 002 83xl0u

rs11071558 rs339992 60,913,505  RORA, NARG2, VPS§13C G 0.12 -0.06 0.02 4.2x103 -0.06 0.02 3.8x103
15q22.33 TOP* rs17293632 67,442,596  SMAD3, SMAD6, AAGAB T 0.26 0.12 0.01 8.8x10%

rs17293632 rs2053295 67,391,739 SMAD3, SMAD6, AAGAB A 0.88 0.01 0.02 0.5 0.06 0.02 7.3x10*
17q12-21 TOP* rs2305479 38,062,217  GSDMB, ZBP2 ,0RMDL3 T 051 -023 0.02 28x10%

rs2305479 rs3859192 38,119,254  GSDMA, LRRC3C, PSMD3 T 0.47 0.19 0.02 19x10% 0.09 0.02 3.4x10°

?In the conditional SNP field, “TOP” indicates we present the unadjusted results for the top SNP at each locus; otherwise the rsIDs of the top (and subsequent SNPs) used to
adjust other SNPs are listed

®Genes coding for proteins; the gene where eventually the lead SNP lies is first indicated followed by the previous and next genes

“The effect allele is the allele for which the regression coefficient (beta) is computed; EAF= Effect allele frequency in European-ancestry populations.

¢Under the heading meta-analysis results, beta, SE and P are the regression coefficient, standard error and P-values in fixed-effects meta-analysis of European ancestry
populations

fUnder the heading conditional analysis results, beta, SE and P are the regression coefficient, standard error and P-values following adjustment by the SNP(s) listed in the
“Conditional SNP” field. The Bonferroni-corrected threshold for the total number of SNPs overall all regions investigated using GCTA is 4x10°®

Note that the TOP SNP in European-ancestry meta-analysis under a fixed-effects model may differ from the TOP SNP under a random-effects model (shown in Table 1);
these TOP SNPs are indicated by a star. At 17q12-21 locus, the TOP SNP is the TOP SNP in the European-ancestry meta-analysis of the pediatric sample (fixed-effects model).
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Supplementary Table 16. Associations between SNPs at the nine novel asthma loci and cis-gene transcripts in blood and lung

Regi Asthma Position LD (r?/D') Alleles Source Ti c Gene ) Gene P ) Gene P Reference
eglon SNP build 37 with lead SNP (R/E)*  database® 1SSUET " transcript " tSCP transcript | VTSP grapscript tanscrpt PMID
New asthma susceptibility loci

5q31.3  rs7705042 141,492,419 C/A  Blood_eQTL Blood NDFIP1 2.7x10° 24013639
MRCA LCLs NDFIP1 6.9x 107 23345460

MRCE LCLs NDFIP1 1.6x107 23345460

GTEx Blood NDFIP1 3.8x10° 25954001

6p22.1 rs7766356 28,400,538 0.6/0.8 with rs1233578 T/C MRCA LCLs ZSCAN12  3.0x10% 23345460
Haoetal, 2012  Lung ZSCAN31 6.5x 10" 23209423

6q15 rs10455168 90,883,525 0.9/1 with rs2325291 T/C Blood_eQTL Blood BACH2 3.0x10%° 24013639
12q13.3 rs167769 57,503,775 c/T Blood_eQTL Blood STAT6 9.8x 10 NEMP1 1.6x 10" 24013639
MUTHER LCLs STAT6 1.6x10% 22941192

MRCE LCLs STAT6 2.3x10% 23345460

Haoetal, 2012 Lung STAT6 3.7x10%¥ 23209423

rs12368672 55,798,737 10.9/0.9 with rs167769 GHS_Express Monocytes STAT6 3.4x 1077 20502693

rs324011 55,788,449 0.9/1 with rs167769 Blood_eQTL Blood STAT6 9.8x 10 TMEMI194A 7.1x10% 24013639

MuTHER LCLs STAT6 6.5x 102 22941192

MRCE LCLs STAT6 2.0x10" 23345460

Haoetal, 2012 Lung STAT6 1.1x 1038 23209423

17921.33 rs17637472 47,461,433 G/A Blood_eQTL Blood GNGT2 2.1x10°% PHOSPHO1 3.2x10™% 24013639
MuTHER LCLs GNGT2 2.4x10™" 22941192

MRCE LCLs GNGT2 5.3x10% 23345460

GHS_Express Monocytes GNGT2 3.0x10°% 20502693

New asthma signals at loci previoulsy reported for asthma in ancestry-specific populations

6p21.33 rs2855812 31,472,720 G/T Blood_eQTL Blood TNF 4.8x10% LTA 1.0x 10" 24013639
MUTHER LCLs LST1 1.0x 108 HCG22 1.3x10° 22941192

MRCE LCLs HLA-C 3.2x10% 23345460

GTEx Lung MICB 6.3x101° 25954001

Hao et al, 2012 Lung MICB 4.6 x10" NCR3 6.2x107 HLA-C 5.9x10° 23209423

rs2596464 31,412,961 T/C Blood_eQTL Blood MICB 6.9x 102 24013639

lead SNP in GTEx Blood MICA 7.5x10*? 25954001

conditional MUuTHER LCLs HCG22 9.5x 10 MiIcB 2.0x10° LST1 1.4x10° 22941192
?fri]:;zs:ffects MRCE LCLs MICA 4.4x10" 22941192

model) GHS_Express Monocytes HLA-C 4.1x10% HCG27 5.0x 10 MmiIcB 1.2x10° 20502693

GTExX Lung MICA 2.5x10° 25954001

Hao et al, 2012 Lung CDSN 4.8x10" MICB 1.6 x 10° 23209423

Asthma signals previously reported for asthma plus hay fever

16p13.13 rs17806299 11,199,980 G/A Blood_eQTL Blood DEXI 2.2x10% 24013639
MRCE LCLs S0CS1 1.0x 107 23345460

GHS_Express Monocytes DEX| 3.6x 10%° 20502693

The eQTL databases for blood and lung were interrogated for the lead SNPs (shown in Table 1) and all SNPs having r* between 0.50 and 1 with the lead SNPs

The associations between asthma SNPs and transcripts, shown here, have Peanscript < 10°

2R=reference allele /E=effect allele.
beQTL databases are described in Online Methods.
‘Blood is whole blood; LCL = lymphoblastoid cell lines; Lung is whole lung tissue.
9Pyranscript fOr test of association of SNP with gene transcript




Supplementary Table 17. Overlap between TAGC asthma association signals (Prandom < 10%) and GWAS
signals with specific diseases/traits in the GWAS catalog.

This Table has three parts: (i) autoimmune diseases are in the first part of the table; (ii) three allergic phenotypes in
the second part; and (iii) the rest of the top 10 traits (in the number of hits in the catalog) are last. Asthma
association signals are those having Prangom < 10 in the multi-ancestry meta-analysis. For each disease and trait, we
selected one GWAS SNP per chromosomal band as reported in the variable “Region” in the GWAS catalog; SNPs
associated with multiple diseases in the GWAS catalog could appear in counts in multiple rows.

Number of Nlrlmber (?f SNPs
associated with asthma .
Rank? Disease/Trait ::‘thalﬁ)sg at Prandom < 107 E':':;:Ir::bnt
entries in TAGC multi-anf:estry
meta-analysis

Auto-immune diseases

2 Inflammatory bowel disease 97 6 9.8 x 1016

4 Crohn's disease 89 9 6.3x102%

8 Rheumatoid arthritis 59 4 45x 101

11 Ulcerative colitis 54 4 3.1x10%

14 Multiple sclerosis 49 3 1.8x108

23 Systemic lupus erythematosus 35 2 5.9x 10°

25 Type 1 diabetes 34 5 2.7x107%

30 Celiac disease 29 3 3.6x10°

38 Vitiligo 23 4 8.8x 1018
Allergy-related phenotypes

65 Self-reported allergy 16 12 Highly significant

67 Atopic dermatitis 14 5 Highly significant

99 Allergic sensitization 9 7 Highly significant
Top 10 traits in the number of hits in the GWAS catalog

1 Height 162 3 6.8 x 107

3 Blood metabolite levels 96 2 45x10”

5 Cholesterol, total 66 2 2.1x10°

6 HDL cholesterol 64 2 2.0x10°

7 Type 2 diabetes 61 0 1

9 Breast cancer 56 0 1

10 Prostate cancer 56 0 1

?Rank of the disease or trait in the number of unique signals in the GWAS catalog (PMID: 24316577; see URLs)

The enrichment P-value is the binomial tail probability for observing the shown number of TAGC SNPs with Prandom<10“ among the SNPs
reported in the GWAS catalog for a given disease or trait.

We investigated overlap with nine auto-immune diseases, three allergic phenotypes and seven other traits with large number of associations,
and a conservative Bonferroni correction implies an adjusted significance threshold for enrichment of 0.05/19 =0.003.
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Supplementary Tables 18 and 19 can be found in the Supplementary excel files

Supplementary Table 18. Overlap between TAGC asthma signals (Prandom<107 in the multi-ancestry meta-
analysis) and GWAS signals with diseases/traits in the GWAS catalog

Supplementary Table 19. Enrichment of asthma risk loci in promoter and enhancer marks by cell type.

The results are for 16 out of the 18 asthma loci shown in Table 1; the 6p21.33 and 6p21.32 loci spanning
the HLA complex were excluded because of high variability and LD in the region. Enhancer and promoter
marks were defined using the ChromHMM 15-state model applied to functional data of 127 ROADMAP
and ENCODE reference epigenomes in various cell types (PMID:25693563)
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Supplementary Table 20. Enrichment of asthma risk loci in DNAse | hypersensitive sites (DHSs) by cell

type

The results presented in this table are for 16 out of the 18 asthma loci shown in Table 1
The 6p21.33 and 6p21.32 loci spanning the HLA complex were excluded because of high variability and LD in the region
The DHSs were available in 51 cell types using ROADMAP and ENCODE data (PMID:25693563)

EID*  Group? Standardized Epigenome name? Anatomy? Type? AST_loci® FDRe
E005 ES-deriv H1 BMP4 Derived Trophoblast Cultured Cells ESC_DERIVED ESCDerived 4 0.678
E006 ES-deriv H1 Derived Mesenchymal Stem Cells ESC_DERIVED ESCDerived 5 0.678
E007 ES-deriv H1 Derived Neuronal Progenitor Cultured Cells ESC_DERIVED ESCDerived 6 0.429
E008 ESC H9 Cells ESC PrimaryCulture 10 0.024
E017 IMR90 IMR90 fetal lung fibroblasts Cell Line LUNG CellLine 3 0.920
EO21 iPSC iPS DF 6.9 Cells IPSC PrimaryCulture 8 0.251
E022 iPSC iPS DF 19.11 Cells IPSC PrimaryCulture 5 0.747
E028 Epithelial Breast variant Human Mammary Epithelial Cells (VHMEC) BREAST PrimaryCulture 8 0.168
E029 HSC & B-cell Primary monocytes from peripheral blood BLOOD PrimaryCell 3 0.744
E032 HSC & B-cell Primary B cells from peripheral blood BLOOD PrimaryCell 8 0.057
E033 Blood & T-cell Primary T cells from cord blood BLOOD PrimaryCell 8 0.043
E034 Blood & T-cell Primary T cells from peripheral blood BLOOD PrimaryCell 10 0.005
E046 HSC & B-cell Primary Natural Killer cells from peripheral blood BLOOD PrimaryCell 8 0.048
E050 HSC & B-cell Primary hematopoietic stem cells G-CSF-mobilized Female BLOOD PrimaryCell 7 0.232
EO51 HSC & B-cell Primary hematopoietic stem cells G-CSF-mobilized Male BLOOD PrimaryCell 0 1.000
EO55 Epithelial Foreskin Fibroblast Primary Cells skin01 SKIN PrimaryCulture 0 1.000
E056 Epithelial Foreskin Fibroblast Primary Cells skin02 SKIN PrimaryCulture 0 1.000
EO57 Epithelial Foreskin Keratinocyte Primary Cells skin02 SKIN PrimaryCulture 9 0.013
E059 Epithelial Foreskin Melanocyte Primary Cells skin01 SKIN PrimaryCulture 9 0.156
E080 Other Fetal Adrenal Gland ADRENAL PrimaryTissue 6 0.445
E081 Brain Fetal Brain Male BRAIN PrimaryTissue 7 0.393
E082 Brain Fetal Brain Female BRAIN PrimaryTissue 7 0.381
E083 Heart Fetal Heart HEART PrimaryTissue 9 0.156
E084 Digestive Fetal Intestine Large GI_INTESTINE PrimaryTissue 4 0.710
E085 Digestive Fetal Intestine Small GI_INTESTINE PrimaryTissue 4 0.568
E086 Other Fetal Kidney KIDNEY PrimaryTissue 6 0.523
E088 Other Fetal Lung LUNG PrimaryTissue 8 0.381
E089 Muscle Fetal Muscle Trunk MUSCLE PrimaryTissue 8 0.240
E090 Muscle Fetal Muscle Leg MUSCLE_LEG PrimaryTissue 9 0.161
E091 Other Placenta PLACENTA PrimaryTissue 6 0.558
E092 Digestive Fetal Stomach GI_STOMACH PrimaryTissue 6 0.438
E093 Thymus Fetal Thymus THYMUS PrimaryTissue 8 0.130
E094 Digestive Gastric GI_STOMACH PrimaryTissue 3 0.710
E097 Other Ovary OVARY PrimaryTissue 5 0.541
E098 Other Pancreas PANCREAS PrimaryTissue 5 0.541
E100 Muscle Psoas Muscle MUSCLE PrimaryTissue 5 0.592
E109 Digestive Small Intestine GI_INTESTINE PrimaryTissue 6 0.393
E114 ENCODE2012 A549 EtOH 0.02pct Lung Carcinoma Cell Line LUNG CellLine 3 0.839
El116 ENCODE2012 GM12878 Lymphoblastoid Cells BLOOD PrimaryCulture 9 0.043
E117 ENCODE2012 Hela-S3 Cervical Carcinoma Cell Line CERVIX CellLine 8 0.148
E118 ENCODE2012 HepG2 Hepatocellular Carcinoma Cell Line LIVER CellLine 4 0.678
E119 ENCODE2012 HMEC Mammary Epithelial Primary Cells BREAST PrimaryCulture 9 0.076
E120 ENCODE2012 HSMM Skeletal Muscle Myoblasts Cells MUSCLE PrimaryCulture 6 0.541
E121 ENCODE2012 HSMM cell derived Skeletal Muscle Myotubes Cells MUSCLE PrimaryCulture 7 0.449
E122 ENCODE2012 HUVEC Umbilical Vein Endothelial Primary Cells VASCULAR PrimaryCulture 7 0.161
E123 ENCODE2012 K562 Leukemia Cells BLOOD PrimaryCulture 7 0.240
E124 ENCODE2012 Monocytes-CD14+ RO01746 Primary Cells BLOOD PrimaryCell 6 0.322
E125 ENCODE2012 NH-A Astrocytes Primary Cells BRAIN PrimaryCulture 8 0.168
E126 ENCODE2012 NHDF-Ad Adult Dermal Fibroblast Primary Cells SKIN PrimaryCulture 5 0.710
E127 ENCODE2012 NHEK-Epidermal Keratinocyte Primary Cells SKIN PrimaryCulture 7 0.245
E128 ENCODE2012 NHLF Lung Fibroblast Primary Cells LUNG PrimaryCulture 6 0.496

The method used to assess enrichment is described in detail in the Online Methods.
°EID is the cell type number; the following variables are group, standardized epigenome name, anatomy and type for each cell type (PMID:25693563)
PAST_loci is the number of asthma loci that co-localize with DHSs

°FDR is the Benjamini-Hochberg false discovery rate
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Supplementary Table 21. Results of GRAIL analysis for the asthma risk loci
The 18 asthma risk loci identified in this study are ordered according to Pgrar from lowest to highest (see
PMID:19557189 for details on GRAIL method); no gene was found by GRAIL at 10p14 locus

Region Start? Stop® for tI:\G::'ItLebgion
5¢922.1 110,429,500 110,519,500 8.65E-08
9p24.1 6,134,500 6,207,000 5.39E-07
12q13.3 55,606,500 55,835,500 1.63E-06
2q12 102,282,914 102,461,414 1.75E-06
5031 131,904,000 132,034,500 3.84E-06
6p21.32 32,447,500 32,790,500 2.64E-04
16p13.13 10,925,500 11,215,000 5.82E-04
6p21.33 30,332,000 31,536,500 1.07E-03
6p22.1 28,283,500 29,463,500 1.24E-03
17912-q21 34,634,000 35,343,500 1.28E-02
11q13.5 75,802,500 76,016,000 1.81E-02
6915 90,867,000 91,080,500 5.01E-02
17g21.33 44,675,500 44,834,000 5.20E-02
8021.13 81,052,000 81,745,500 8.25E-02
15q22.2 58,803,500 58,922,000 5.80E-01
5931.3 141,394,500 141,546,000 6.14E-01
15g22.33 65,225,500 65,255,500 6.54E-01
10p14 8,828,500 9,406,000 NA
aStart and stop are the start and stop positions of the regions defined
by GRAIL

bPgraiL represents the GRAIL significance score which allows assessing
the strength of connectivity between genes at the asthma risk loci
through text-mining of PubMed abstracts; Pgrai Was corrected for the
number of genes assigned to a region by GRAIL.
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Study descriptions, Funding and acknowledgements, and Contributing groups
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Study Descriptions
All studies obtained approval from their local ethical committees. All participants provided written
informed consent.

Australian Asthma Genetics Consortium (AAGC)

Subjects: Participants were drawn from two cohorts described in greater detail elsewhere': the Australian
Asthma Genetics Consortium (AAGC) cohort (n=1,810) and the Queensland Institute of Medical Research
(QIMR) GWAS cohort (n=4,157). Of the 2110 asthmatic patients, 1,269 (60%) were classified as having
childhood asthma (defined by an age-of-onset at or before age 16 years) 515 (24%) patients with later
onset asthma (age-of-onset after the age of 16 years) and 326 (16%) with unknown age-of-onset. 1,232
(58%) of asthmatics were atopic, as defined by a positive skin prick test response to at least one common
allergen; 1,444 (68%) had at least one first-degree relative with asthma; and 760 (36%) reported lifetime
smoking. The 3,857 controls included 2,030 (53%) individuals who were classified as asthma-free based on
clinical examination (109 [3%]) or epidemiological questionnaires (2,592 [50%]). The remaining 1,827
(47%) individuals provided no information about their asthma status but were included in the analysis to
improve power. Mean age was 34 years (SD 16.2, range 2-92) and 3,267 (55%) were women. All
participants were confirmed to be unrelated and of European ancestry based on genetic data.
Genotyping and QC: The Australian GWAS included data for 4,293 (72%) individuals genotyped with
lllumina 610K array and 1,674 (28%) with lllumina 370K array’. The same single-nucleotide polymorphism
(SNP) quality control filters were applied to each dataset individually, including the removal of SNPs with
call rate lower than 95%, minor allele frequency (MAF) lower than 0-01, and Hardy-Weinberg equilibrium
test p<10°.

Data Imputation and Analysis: Autosomal SNPs passing quality control were used to impute 7-8 million
variants available from the combined 1000 genomes (60 individuals from the CEU collection; March 2010
release) and HapMap 3 (955 individuals from 11 populations; February 2009 release) reference panels
with IMPUTE22. The 610K and 370K datasets were imputed separately. After imputation, we excluded
SNPs with imputation information <0-3, MAF <0-01, or Hardy-Weinberg equilibrium test p<10°. We also
excluded from analysis SNPs with significant (p<0-001) allele frequency differences between the two
imputation analysis groups (from case—case and control-control comparisons). After quality control,
genotype data for 5-7 million SNPs were merged across the 610K and 370K datasets; only results for
Hapmap2 SNPS were provided to TAGC. Individual SNPs were then tested for association with lifetime
physician-diagnosed asthma with a Cochran-Mantel-Haenszel test as implemented in PLINK 3, with two
strata corresponding to the two imputation analysis groups.

ALLERGEN Consortium

Canadian Cohorts CAPPS and SAGE (see http://www.genopha.ca/)

Subjects: The Canadian Asthma Primary Prevention Study (CAPPS*) was initiated in 1995 to assess the
effectiveness of a multifaceted intervention program on the primary prevention of asthma in high-risk
infants. Infants at high risk for developing asthma and other allergic disorders were identified and their
mothers were recruited during their third trimester of pregnancy. Infants at high risk were defined as those
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who had a parent with asthma or two first-degree relatives with allergies or atopic disorders. The study
had two recruitment centers in Canada, (Vancouver and Winnipeg). In total, there were 545 families
recruited into the study (549 infants, 4 sets of twins). Loss to follow-up was minimal, with 86% of the
families completing the questionnaire at the 7-year time point. There have been numerous publications
on this cohort evaluating the effectiveness of the intervention strategy. For genetic analysis blood samples
have been obtained from the children, and both parents.

The Study of Asthma Genes and Environment Study (SAGE®) is a population-based sample of 16,320
children, born in the province of Manitoba, Canada in the year of 1995. In 2002, a one-page survey was
mailed to families to enquire about their health and home environment exposure. Questions included
several chronic conditions in childhood, including hayfever, food allergy and asthma. Parents were asked
for permission to be contacted for further study and to link the survey data to their child’s health care
database records. Children were stratified according to the presence of asthma (n=392), to the presence
of hayfever or food allergy (n=192) and neither (n=3,002). Children with neither condition were further
grouped by rural and urban location; the latter were further stratified by low and high income
neighborhoods. All children in the asthma and allergy strata were invited to participate in the case-control
study, as were a random sample (n=200) from the strata of children with neither condition. Following
consent from parents to participate in the study, children were assessed for allergic phenotypes.

After QC a total of 766 subjects from CAPPS were retained analyses (360 cases/ 406 controls) and a total
of 1022 subjects from SAGE (353 cases / 669 controls).

Genotyping and QC: Genome-wide SNP genotyping was performed using the lllumina Human610 quad
array of which 821 subjects from the Canadian Cohorts (CAPPS n=414 and SAGE n=407) were included in
the GABRIEL consortium GWAS analyses®, using the GABRIEL QC protocol. The remaining 967 subjects
(CAPPS n=352 and SAGE n=615) were genotyped using the same chip (lllumina Human610 quad array) and
the following QC protocols: < 97% call rate for both samples and SNPs, evaluation of Hardy-Weinberg
Equilibrium (HWE), heterozygosity (3 s.d.), ethnicity checks using multidimensional scaling, checks for
duplicate samples, verification of reported family relationships and Mendelian errors.

Data Imputation and Analysis: Imputation was performed using MACH with HapMap2 CEU as the
reference population. Statistical analyses were performed using STATA (childhood/offspring generation)
to account for sibling relationships and PLINK (case-control) for adults/parents.

Saguenay-Lac-Saint-Jean Study (SLSJ)

Subjects: The Saguenay-Lac-Saint-Jean (SLSJ) asthma study, consists of French-Canadian families
ascertained through asthmatic probands’. Probands were included in the study if they fulfill at least two
of the following criteria: 1) a minimum of three clinic visits for acute asthma within one year; 2) two or
more asthma-related hospital admissions within one year; or 3) steroid dependency, as defined by either
six months of oral, or one year of inhaled corticosteroid use. Individuals from 253 independent families
were included in the study. Families were included in the study if at least one parent was available for
phenotypic assessment, at least one parent was unaffected, and all four grandparents were of French-
Canadian origin. Family members were considered asthmatics if both a self-reported history of asthma
and a history of physician-diagnosed asthma were available, or by clinical evaluation following a
methacholine provocation test. After QC a total of 1,199 subjects were retained in the GWAS analyses.
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Genotyping and QC: Genome-wide SNP genotyping was performed using the Illumina Human610 Quad
array, as part of the GABRIEL consortium (see GABRIEL paragraph below for details).

Data Imputation and Analysis: Imputation and analysis were done as part of the GABRIEL consortium (see
GABRIEL paragraph below).

APCAT Consortium

The APCAT Consortium includes 21,858 European-ancestry subjects (2,055 physician-diagnosed
asthmatics and 19,803 asthma-free controls) with available genome-wide data that participated in seven
population based-studies, five studies from Finland (the Northern Finland Birth Cohort 1966 [NFBC66];
Helsinki Birth Cohort [HBC]; Health 2000 [H2000]; FINRISK, including FINRISK 1992, 1997, 2002 and 2007;
and the Young Finns Study), the European Prospective Investigation of Cancer, Norfolk (EPIC-Norfolk) and
Framingham Heart Study from the United States.

Framingham Heart Study (FHS)

Subjects: The FHS is a collection of cohorts recruited to investigate cardiovascular disease and its risk
factors as described in detail elsewhere®. Asthma was classified based on self-report of a physician’s
diagnosis; 797 asthmatics and 6,463 controls were included in TAGC study.

Genotyping and QC: Genome-wide SNP genotyping was performed using Affymetrix 5.0 BeadChip.
Individuals with high heterozygosity or imbreeding and missingness >0.03 were removed and only SNPs
with call rate>0.95, HWE P>10® and MAF>0.01 were used in the imputation.

Data Imputation and analysis: Imputation was carried out on 413,905 SNPs using MACH 1.0 software and
HapMap2 CEU (Release 22, Build 36) as reference panel. After imputation, we used SNPs with an Rsq
threshold of >0.3 and MAF threshold of >1%. The association statistic for each SNP was calculated
assuming an additive genetic model adjusting for sex, and age using a GEE model to take into account
familial dependencies (GWAF R package).

EPIC-Norfolk Study

Subjects: EPIC-Norfolk is part of the large multi-centre Europe-wide EPIC programme looking at the
connection between diet and cancer®®. There were over 30,000 participants aged 45 — 70 at recruitment
who lived in Norwich and the surrounding towns and rural areas. They have been contributing information
about their diet, lifestyle and health through questionnaires, and through health checks carried out by
EPIC nurses. In 2006, a GWAS for obesity was carried out on 3,867 individuals. A case-cohort design was
used in which the subcohort (N=2,566) was a random sample of the cohort at baseline and cases were
part of the remaining individuals with a value of BMI being 30 kg/m2 or greater (N=1,301). Unlike controls
in the commonly used case-control design, the subcohort was an unselected population sample allowing
for a variety of traits to be investigated. The EPIC-Norfolk obese cases and the EPIC-Norfolk population
based subcohorts were considered as two different samplesinin the present TAGC study. Asthmatics were
defined as a positive response to the question "Has the doctor ever told you that you have asthma?" which
was asked at baseline survey. The remaining individuals served as healthy controls unless they had
bronchitis or FEV1 < 70% predicted for age, height and sex.
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Genotyping and QC: Genotyping was carried out using Affymetrix 500K BeadChip. Individuals with high
heterozygosity or imbreeding and missingness > 0.06 were removed and only SNPs with call rate>0.90,
HWE P>10° and MAF>0.01 were used in the imputation.

Data imputation and analysis: Imputation was performed on 397,438 SNPs using IMPUTE 0.3.1 and
HapMap2 CEU (Release 21) as reference panel. After imputation, we used SNPs with an information
threshold of >0.4 and MAF threshold of >1%. Data analysis was conducted separately in EPIC-Norforlk
Obese and EPIC-Norforlk population-based studies (number of cases and controls are show in
Supplementary Table 1). The association statistic for each SNP was calculated assuming an additive genetic
model adjusting for sex, ancestry-informative principal components, and age. Association analysis
between individual SNP and asthma was performed in each sub-study using SNPTEST 1.1.5.

Northern Finland Birth Cohort of 1966 (NFBC1966)

Subjects: The NFBC1966 study® [http://kelo.oulu.fi/NFBC/] includes 12,058 live born individuals, of
European descent, with expected dates of birth during 1966 in the provinces of Oulu and Lapland, in
Finland. Cohort has been followed up since early pregnancy until adult age. All those living in Northern
Finland or in the capital area were invited to a clinical examination and blood sampling at age 31 years.
Information on asthma used in this analysis was collected at this time point; 364 asthmatics and 3,502
controls were included in TAGC study.

Genotyping and QC: Genotyping was carried out using lllumina’s HumanCNV370-Duo BeadChip.
Individuals with high heterozygosity or imbreeding were removed and only SNPs with call rate>0.95, HWE
P>10"* and MAF>0.01 were used in the imputation.

Data imputation and analysis: Imputation was performed on 328,007 SNPs using IMPUTE 0.3.1 and
HapMap2 CEU (Release 21, Build 35). After imputation, we used SNPs with an information threshold of
>0.4 and MAF threshold of >1%. The association statistic for each SNP was calculated assuming an additive
genetic model adjusting for sex, and ancestry-informative principal components. Association analysis
performed in QUICKTEST v0.94.

FINRISK Study

Subjects: This study is a population survey of risk factors for chronic diseases in Finland!!. The survey has
been executed every five years from 1972 using independent, random and representative population
samples from five geographical areas of the country. Participants have completed a health-related
questionnaire and undergone a physical examination including measurement of anthropometric traits and
blood draw. For the FINRISK 1992 cohort, asthmatics were individuals who have answered “YES” to the
question “Have you had any of the following diseases diagnosed or treated by a doctor during the past
year (last 12 months)?: Asthma of the lungs”. For the FINRISK 1997, 2002 and 2007 cohorts, asthmatics
were individuals who have answered “YES to the question: “Have you ever been diagnosed with asthma?”.
In all FINRISK surveys the rest of the participants served as controls if their age was less than or equal to
70 years and they did not report pulmonary emphysema, or chronic bronchitis during the last 12 months.
Genotyping and QC: Participants were genotyped using lllumina 610K and Affymetrix 6.0 arrays. For QC,
Individuals with high heterozygosity or imbreeding and missingness > 0.05 were removed and only SNPs
with call rate>0.95, HWE P>10° and MAF>0.01 were used in the imputation
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Data imputation: Imputation was performed on 554,988 (lllumina) and 727,478 (Affymetrics) SNPs using
MACH 1.0.16 and HapMap2 CEU (Release 22, Build 36) as reference panel. After imputation, we used SNPs
with an Rsq threshold of >0.3 and MAF threshold of >1%.

Health 2000 Study (H2000)

Subjects: The study was conducted in 2000*? and included home interview, completion of several
guestionnaires, laboratory and anthropometrical measurements, spirometry with bronchodilator test and
clinical examination by a physician. Further information was obtained by record linkage with the National
Hospital Discharge Register and the National Social Insurance Institutions register data on reimbursement
of asthma medication. Information about asthma was based on the following question: “Has a doctor ever
diagnosed you with one of the following illnesses?” One of the listed illnesses was asthma and those who
responded “YES” were considered to have asthma. The rest of the participants were taken as controls if
their age was less than or equal to 70 years and they never had had chronic bronchitis.

Genotyping and QC: Samples were genotyped with Illumina 610K or 370K arrays. Individuals with high
heterozygosity or imbreeding and missingness > 0.05 were removed and only SNPs with call rate>0.95,
HWE P>10° and MAF>0.01 were used in the imputation

Data imputation: Imputation was performed on 555,388 SNPs using MACH 1.0.16 and HapMap2 CEU
(Release 22, Build 36) as reference panel. After imputation, we used SNPs with an Rsq threshold of >0.3
and MAF threshold of >1%.

Helsinki Birth Cohort Study (HBCS)

The HBCS*® includes 8,760 subjects born in Helsinki between 1934 and 1944. Between 2001 and 2004, a
representative subset of 928 males and 1,075 females participated in a clinical study focusing upon
cardiovascular and metabolic outcomes and cognitive functions. Information on asthma, smoking and
alcohol intake is available from questionnaires for 2,003 individuals who participated in the clinical study.
Information about asthma was based on the following question: “Have you ever had any of the following
illnesses diagnosed or treated by a doctor?” One of the listed illnesses was “Asthma of the lungs” and those
responding “YES” to this item were considered as having asthma. Those participants who responded to
the same question as having emphysema or chronic bronchitis were excluded and the others were taken
as controls. All participants were less than 70 years of age.

Genotyping and QC: Genotyping was performed with the lllumina 670K array. Individuals with high
heterozygosity or imbreeding and missingness > 0.05 were removed and only SNPs with call rate>0.95,
HWE P>10° and MAF>0.01 were used in the imputation

Data imputation: Imputation was performed on 546,814 SNPs using MACH 1.0.16 and HapMap2 CEU
(Release 22, Build 36) as reference panel After imputation, we used SNPs with an Rsq threshold of >0.3
and MAF threshold of >1%.

Young Finns Study (YFS)

Subjects: The Young Finns cohort®*

is a longitudinal population study sample on the evolution of
cardiovascular risk factors from childhood to adulthood. The first cross-sectional survey was conducted in
1980 in five Finnish university cities and included 3,596 participants who were in the age groups of 3, 6, 9,
12, 15, and 18 years and were randomly chosen from the national population register; equal ratios of
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males and females were selected in each age group. In 2007, 2,204 subjects now aged 30 to 45 years
participated in the latest follow-up study. Information about asthma was based on a following question:
“Do you have at the moment or have you had a long-term illness, handicap or injury diagnosed by a
doctor?” Those responding “YES” and specifying among the given alternatives “Asthma of the lungs” were
considered as having asthma. The rest of the participants were taken as controls, except those who
reported having chronic bronchitis. All YFS participants were less than 70 years of age.

Genotyping and QC: 1,963 individuals with available physician-diagnosed asthma status were genotyped
with the lllumina 670K array. Individuals with high heterozygosity or imbreeding and missingness > 0.05
were removed and only SNPs with call rate>0.95, HWE P>10° and MAF>0.01 were used in the imputation
Data imputation: Imputation was performed on 546,677 SNPs using MACH 1.0 and HapMap2 CEU (Release
22, Build 36) as reference panel. After imputation, we used SNPs with an Rsq threshold of >0.3 and MAF
threshold of >1%.

Statistical analysis of FINRISK, Health 2000, HBCS and YFS: The four studies were analyzed together with
an adjustment term for cohort. Association analysis between individual SNP and asthma was performed

using Plink v1.07. Lambda for asthma analysis was 1.02.

CARe Consortium studies contributing to TAGC

Subjects: The CARe consortium datasets which contributed to TAGC included African-American
participants from four population-based studies: Atherosclerosis Risk in Communities (ARIC), Coronary
Artery Risk Development in young Adults (CARDIA), Jackson Heart Study (JHS), and Multi- Ethnic Study of
Atherosclerosis (MESA). The number of asthma cases and controls from each study are shown in
Supplementary Table 1.

CARDIA: The CARDIA study is a prospective, multi-center investigation of the natural history and etiology
of cardiovascular disease in 5,115 individuals, age 18 to 30 years at the time of initial examination (1985—
1986) and drawn from four communities: Birmingham, AL; Chicago, IL; Minneapolis, MN; and Oakland, CA.
Each participant’s age, race, and sex were self-reported during the recruitment phase and verified during
the baseline clinic visit. Genotype data were available on 955 African-American individuals. A subset of
these subjects contributed to the asthma GWAS.

JHS: The Jackson Heart Study is a prospective population-based study to evaluate common complex
diseases among 5,301 African Americans, age 34 to 84 years at the time of initial examination (2000 —
2004) and drawn from the Jackson, Mississippi metropolitan area. Genotype data were available on 3,030
African-American individuals (some JHS participants are also enrolled in ARIC, and were analyzed with the
ARIC dataset; 2,145 individuals are uniquely associated with JHS). Information on asthma was available for
2,162 African American individuals.

The ARIC and MESA studies contain subjects of African-ancestry and European-ancestry and are described
below.

In the CARe Consortium, asthma was defined as a positive response to the question “Has a doctor ever
told you that you have asthma?” or “Have you ever had asthma?” on any of the available questionnaires
derived from the individual studies. The agreement between these two different questions, where
available to analyze, was very good, leading us to think that subject reports of asthma stemmed from of a

60



medical diagnosis (kappa statistic with 95% confidence intervals for individual studies are as follows: ARIC
0.82 Cl 0.80-0.85, CARDIA 0.81 CI 0.77-0.83, JHS 0.80 Cl 0.78-0.83). The remaining subjects served as
healthy controls if they did not report any of the following conditions: wheezing, chronic obstructive
pulmonary disease, emphysema, chronic bronchitis, chronic cough, chronic sputum production, or other
lung disease. Individuals were excluded from the control group if they had <70 % of the predicted FEV1
based on race- and sex-specific NHANES Il prediction equations adjusting for age and height, or FEV1/FVC
less than lower limits of normal for age, race and sex *°.

Genotyping and QC: Samples were genotyped at the Broad Institute using the Affymetrix Genome-Wide
Human SNP Array 6.0. A subset of 24 markers including a gender confirmation assay were also genotyped
using the Sequenom MassArray System. Genotypes were called using Birdseed v1.33. Quality control steps
were performed using the software PLINK, EIGENSTRAT and PREST-Plus
(http://fisher.utstat.toronto.edu/sun/Software/Prest/). Multiple QC procedures were performed
including: confirming genotype concordance between Suquenom iPLEX and Affy6.0; removing samples
with a genome-wide genotyping success rate <95%, SNPs with genotyping success rate <90%,
monomorphic SNPs, and SNPs that mapped to several genomic locations; removing poor quality DNA
(identified by estimating heterozygosity rates); removing sample duplicates, contaminated samples, and
cryptic relationships (identified by using genome-wide genotype data to estimate identity-by-descent
between all pairwise combinations); outlier samples were removed (identified based on nearest neighbor
and “clustering based on missingness” analyses in PLINK); removing SNPs with minor allele frequency
(MAF) <1% or with genotyping success rate <95%; in JHS, excluding SNPs with an unusually high number
of Mendel errors; and excluding SNPs that showed association with specific chemistry plates. Because
several different ethnic groups were represented, with the expectation of differing genotype frequencies
and admixture, no filters were applied for Hardy- Weinberg probability values.

Data Imputation and Analysis: To increase coverage and facilitate comparison with other datasets, we
imputed genotype data using MACH version 1.0.16%. Imputation were done using European and African
ancestry reference panels. The resulting set of SNPs was conservatively filtered to remove low imputation
quality (RSQ <0.4) or minor allele frequency SNPs (MAF <0.01), for which association results would be less
reliable. Analysis of association of asthma with individuals SNPs was carried out using logistic regression
statistical framework in PLINK for unrelated cohorts or using R (GWAF package) scripts that model family

structure for family data.

CHARGE Consortium studies contributing to TAGC
The ARIC and MESA studies include subjects of African-ancestry who are part of the CARe Consortium and
European-ancestry subjects who are part of the CHARGE Consortium.

MESA: Multi-Ethnic Study of Atherosclerosis

Subjects: The Multi-Ethnic Study of Atherosclerosis (MESA) is a population-based longitudinal study of
subclinical cardiovascular disease . Between 2000 and 2002, MESA recruited 6,814 men and women 45—
84 years of age from six US sites that were free of clinical cardiovascular disease. The MESA Family Study
recruited 1,595 African American and Hispanic family members ages 45—-84 years of age specifically for
genetic analysis and the MESA Air Pollution Study recruited an additional 257 participants®®. Endpoints for
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asthma included self-reported history of asthma ("Have you ever had asthma?”) and childhood asthma
(Participants were asked at what age they “first developed symptoms.” Those who reported symptoms at
< 16 years of age were classified as having childhood asthma). For the current effort, genetic analyses in
MESA were restricted to self-reported European-ancestry participants (MESA African-ancestry were
analyzed separately through CARe). Analyses of asthma included 267 cases and 2,381 controls, while
analyses of pediatric asthma included 84 cases and 1361 controls.

Genotyping and QC: All participants were genotyped using the Affymetrix Human SNP array 6.0
(Affymetrix Inc., Santa Clara, CA), with 897,981 single-nucleotide polymorphisms (SNPs) passing study-
specific quality control.

Data Imputation and Analysis: IMPUTE2 was used to perform imputation of an additional ~2 million SNPs
in each race/ethnic group (using HapMap Phase | and Il as reference panel (release #24, NCBI Build 36) for
inclusion in GWAS analyses'®?°, Multivariate additive genetic models were adjusted for age, sex, study site
and principal components of ancestry. We examined genomic control values of all GWAS for evidence of
residual population stratification, undetected family structure, or other sources of inflation in type | error.

ARIC: Atherosclerosis Risk in Communities study

The Atherosclerosis Risk in Communities (ARIC) Study, sponsored by the National Heart, Lung and Blood
Institute (NHLBI), is a prospective epidemiologic study conducted in four U.S. communities.?! The four
communities are Forsyth County, NC; Jackson, MS; the northwest suburbs of Minneapolis, MN; and
Washington County, MD. Three cohorts represent the ethnic mix of their communities; the Jackson cohort,
its African-American population. ARIC was designed to investigate the etiology and natural history of
atherosclerosis, the etiology of clinical atherosclerotic diseases, and variation in cardiovascular risk factors,
medical care and disease by race, gender, location, and date. ARIC has coordinating, ultrasound,
pulmonary, and electrocardiographic centers and three central laboratories.

The Cohort began in 1987: each ARIC field center randomly selected and recruited a cohort sample of
approximately 4,000 individuals aged 45-64 from a defined population in their community. A total of
15,792 participants received an extensive examination, including medical, social, and demographic data.
These participants were examined with the baseline visit occurring in 1987-89, the second visit in 1990-
92, the third visit in 1993-95, the fourth visit in 1996-98, and the fifth visit in 2011-13. Follow-up occurs
yearly by telephone to maintain contact with participants and to assess health status of the cohort. Asthma
was defined based on self-report of whether the participant had been diagnosed with asthma
Genotyping and QC: Genotyping was done using the AffymetrixGeneChip SNP Array 6.0. Quality control
steps for genotyping data included exclusions for call rate <95% (participant level and SNP level), minor
allele frequency <1%, HWE P<10-6, no chromosomal location, suspected first-degree relative of an
included individual based on genotype data, or more than 8 standard deviations for any of the first ten
principal components. There were 9,173 Caucasian subjects with genotyping data, asthma definition, and
complete covariate information.

Data Imputation and Analysis: MACH (version 1.0.16) was used to impute all autosomal SNPs with
reference to HapMap CEU (release 22, build 35) from the 669,450 SNPs. Imputed SNPs failing additional
quality control criteria (monomorphism, HWE P<107, or genotype frequencies between two genotyping
phases differing by P<107®) were excluded, leaving 2,515,866 genotyped or imputed SNPs for analysis.
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Association analysis between each individual SNP and asthma was done using logistic regression and the
ProbABEL v.0.1-3 software.

CHS: Cardiovascular Health Study

Subjects: The Cardiovascular Health Study (CHS) is a population-based cohort study of risk factors for CHD
and stroke in adults > 65 years conducted across four field centers. The original predominantly European
ancestry cohort of 5,201 persons was recruited in 1989-1990 from random samples of the Medicare
eligibility lists and an additional 687 African-Americans were enrolled subsequently for a total sample of
5,888. DNA was extracted from blood samples drawn on all participants at their baseline examination. In
2007-2008, genotyping was performed at the General Clinical Research Center's Phenotyping/Genotyping
Laboratory at Cedars-Sinai on 3,980 Cardiovascular Health Study participants who were free of CVD at
baseline, consented to genetic testing, and had DNA available for genotyping. Participants were excluded
from analysis for sex mismatch, discordance with prior genotyping, or call rate < 95%. Non-European
ancestry participants were excluded from this study. A total of 1,908 persons were excluded from the
GWAS study sample due to the presence at study baseline of coronary heart disease, congestive heart
failure, peripheral vascular disease, valvular heart disease, stroke or transient ischemic attack or lack of
available DNA. Genotyping has been attempted to date in 3,397 self-identified white participants, and was
successful in 3,291 persons. Of these, 3,237 subjects had information on asthma status: 179 self-reported
a physician diagnosis of asthma (ever asthma), and the remaining 3,058 were used as controls.
Genotyping and QC: Genotyping was performed at the General Clinical Research Center's
Phenotyping/Genotyping Laboratory at Cedars-Sinai using the Illumina 370CNV BeadChip system.
Genotypes were called using the Illumina BeadStudio software as above. A set of 306,655 autosomal
genotyped SNPs remained after exclusions for: call rate < 97%, HWE P < 10, more than two duplicate
errors or Mendelian inconsistency (for reference HapMap CEU) or no mapping in dbSNP.

Data Imputation and Analysis: Imputation was performed using BIMBAM (v0.99)%? with reference to
HapMap2 CEU (release 22, build 36). The analysis dataset included 2,397,023 genotyped or imputed SNPs.
Statistical analysis was performed using logistic regression with robust SE estimates in R?%. Adjustments
were made for age at baseline, gender, and clinic site.

deCODE Genetics

Subjects: Icelandic asthma patients over 18 years of age (n=1,675) who attended an asthma clinic or
emergency room at the National University Hospital of Iceland or the Icelandic Medical Center
(Laeknasetrid) during the years 1977 to 2008 were recruited *?°. Asthma diagnosis was based on a
combination of physician’s diagnosis, a positive reply to the question: “Has a doctor confirmed your
asthma diagnosis?”, questionnaires pertaining to asthma symptoms and ICD diagnosis when receiving
emergency care %>, Atopy status (defined by at least one positive response to allergens) determined by
skin prick testing was available for part of the cohort. Icelandic controls (n=33,408 ) were participants from
various deCODE genetics programs without known asthma. The study was funded by deCODE Genetics.
Genotyping and QC: Genome-wide SNP genotyping of 38,446 Icelanders was done using lllumina
HumanHap300 or HumanHapCNV370 SNP chips. After excluding SNPs with MAF < 1%, with genotype yield
< 96%, or with P value for deviation from HW equilibrium < 10, 290,447 SNPs were used for imputation.
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After excluding samples with < 98% genotype yield, and individuals with asthma related phenotypes from
the controls, 1,675 asthma cases and 33,408 controls were included in the association analysis.

Data Imputation and Analysis: Imputation of the HapMap Phase 2 Release 22 SNPs was performed using
IMPUTE?® with the CEU phased haplotypes as a reference. Tests of allelic association were performed for
both genotyped and imputed SNPs using logistic regression implemented in the SNPTEST software, using
the —method score option to deal imputation uncertainty. To correct for relatedness of study individuals,
and for possible population stratification, the resulting chi-square test statistic was divided by the genomic
inflation factor Ag = 1.26.

EAGLE Consortium

COPSAC Study

Subjects: The COPSAC 2000 birth cohort study is a prospective clinical study of a birth cohort of 411 infants
born to mothers with a history of asthma. The newborns were running at the age of 1 month, the
recruitment of which was previously described in detail 27-2°. Asthma was diagnosed longitudinally by the
research physicians based upon a predefined algorithm as previously described 2%%°, Diagnostic criteria
included (1) recurrent episodes of troublesome lung symptoms recorded in the daily diary cards as five
episodes within 6 months, each episode lasting at least three consecutive days; (2) symptoms typical of
asthma based on doctors interviews of the parents at the clinical research unit; (3) need for intermittent
rescue use of inhaled B2-agonist; and (4) response to a 3-month course of inhaled corticosteroids and
relapse when stopping treatment. Cases in the current study were defined from having an asthma
diagnosis before age 7 years and controls as children with clinical follow-up to age 7 years and no asthma
diagnosis.

Genotyping and QC: High throughput genome-wide SNP genotyping were performed using the lllumina
Infinium™ Il HumanHap550 v1, v3 or quad BeadChip platform (lllumina, San Diego), at the Children’s
Hospital of Philadelphia’s Center for Applied Genomics. All family structures were validated by means of
identity-by-descent comparison of all subjects in the data set (proportion identity by descent). Sex was
checked by calculating heterozygosity rates of the X chromosome and comparing with reported sex. Low-
quality samples were removed based on call rate (<97%), and low-quality markers were removed based
on call rate (<98% removed), low minor allele frequency (<0.1% excluded), or being out of Hardy-Weinberg
equilibrium (P < 10, excluded). Also, principal component analysis-based removal of non-European
samples was performed (using HapMap as reference).

Data Imputation and Analysis: Imputation to the CEU panel of HapMap release 22 was performed using
MACH 1.0.12%° using phased haplotypes as reference. The genomic build was hg18/NCBI36. Statistical
association tests were performed on 2,434,240 variants using SNPTEST v2.2.0, using a genetic additive
model and taking genotype uncertainty into account.

Danish National Birth Cohort (DNBC)

Subjects: The Danish National Birth Cohort (DNBC) is a collection of data on 92,274 pregnant women
recruited between 1996 and 2002 3%, The participating women were interviewed twice during pregnancy
and the children are followed through childhood and adolescence. Children were considered to be cases
for the “ever asthma” phenotype if a) they had self-reported asthma (by mother) in the DNBC
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questionnaire at age 7, or b) if they had any ICD-10 diagnosis code in the chapters J45-J46 recorded in the
Danish Hospital Discharge Register before age 7.

Genotyping and QC: Genotype data were available from a genome-wide association study on preterm
birth nested within the DNBC 32 performed with the Illumina 660 Quad chip (lllumina, Inc., San Diego, CA).
The children used in the current study were all born in gestational week 37 or later. The children as well
as their parents and grandparents were born in Northwestern Europe. Subjects were filtered based on <
95% call rates, and markers were filtered based on < 98% call rates, Hardy-Weinberg equilibrium p-values
<103, and minor allele frequencies < 0.01. Total number of asthma cases and controls passing QC was 113
and 850, respectively, and the total number of markers passing QC was 508,059.

Data Imputation and Analysis: Imputation of the HapMap Phase 2 Release 22 SNPs was performed using
MACH version 1.0.16 * with the CEU phased haplotypes as a reference. Tests of allelic association were
performed by logistic regression using PLINK version 1.07 for genotyped SNPs and MACH2DAT version
1.0.10 for imputed SNPs.

GENERATION R Study

The Generation R Study®® is a population-based prospective cohort study from fetal life onwards in
Rotterdam, the Netherlands (http://www.generationr.nl). Assessments in pregnant women and children
consisted of physical examinations, fetal ultrasounds, biological samples, and questionnaires. All children
were born between April 2002 and January 2006. For the current study, physician-diagnosed ever asthma
(no; yes) was assessed using questions adapted from the International Study on Asthma and Allergy in
Childhood (ISAAC) at age 6 years.

Genotyping and QC: A GWA scan was performed on DNA isolated from cord blood samples using the
Illumina 610 Quad array. Quality control comprised exclusion of duplicates, sex mismatches and low
sample call rates. Further, SNPs with call rates <98%, low minor allele frequencies (<0.1%), and significant
deviations from Hardy-Weinberg equilibrium (P <1x10°) were excluded.

Data Imputation and analysis: Imputation was performed using MACH with HapMap2 CEU as the
reference population. Statistical analyses were performed using GRIMP34,

GINAplus/LISAplus Studies

Subjects: The influence of Life-style factors on the development of the Immune System and Allergies in
East and West Germany PLUS the influence of traffic emissions and genetics (LISAplus) Study is a
population based birth cohort study. A total of 3,097 healthy, full term neonates were recruited between
1997 and 1999 in Munich, Leipzig, Wesel and Bad Honnef. The participants were not pre-selected based
on family history of allergic diseases3>%,

A total of 5,991 mothers and their newborns were recruited into the German Infant study on the influence
of Nutrition Intervention PLUS environmental and genetic influences on allergy development (GINIplus)
between September 1995 and June 1998 in Munich and Wesel. Infants with at least one allergic parent
and/or sibling were allocated to the interventional study arm investigating the effect of different
hydrolysed formulas for allergy prevention in the first year of life3’. All children without a family history of
allergic diseases and children whose parents did not give consent for the intervention were allocated to
the non-interventional arm. Detailed descriptions of the LISAplus and GINIplus studies have been
published elsewhere ** and ¥, respectively. Information on ever having physician-diagnosed asthma and
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related symptoms was collected using self-administered questionnaires completed by the parents. The
questionnaires were completed at 6, 12, 18, 24 months, 4 and 6 years of age in the LISAplus study and 1,
2, 3, 4 and 6 years in the GINIplus study asking for physician diagnosed asthma at each year of age since
the previous follow-up and wheeze in the past 12 months. DNA was collected at the age 6 and 10 years.
Genotyping and QC: Genotyping was performed using the Affymetrix Human SNP Array 5.0 and Affymetrix
Human SNP Array 6.0. Genotypes were called using BRLMM-P algorithm (5.0), respectively BIRDSEED V2
algorithm (6.0). In each of the two data sets, criteria for exclusion of individuals were: a call rate below
95%, a heterozygosity outside mean +/- 4sd, a failure of the sex check or a failure of the similarity quality
control using MDS analysis based on IBS. Criteria for exclusion of variants were: a call rate below 95%, a
MAF < 0.01 and a HWE p-value <0.01 (n=396) / < 0.00001 (n=755).

Data Imputation and Analysis: Imputation was carried out in IMPUTE2 using the HapMap release 22, NBCI
build 36 of the CEU reference population. Genome-wide association analysis of asthma phenotypes was
conducted using SNPTEST V2 regressing expected allelic dosage on case-control status.

Manchester Asthma and Allergy Study (MAAS)

Subjects: The Manchester Asthma and Allergy Study is an unselected (i.e. population-based), birth cohort
study®**2, The setting is the maternity catchment area of Wythenshawe and Stepping Hill Hospitals,
comprising of 50 square miles of South Manchester and Cheshire, UK, a stable mixed urban-rural
population. Cases were children with asthma ever by age 6. All pregnant women were screened for
eligibility at antenatal visits (8th-10th week of pregnancy). The study was explained to the parents, and
informed consent for initial questionnaires and skin prick testing was obtained. Both parents completed a
questionnaire about their and their partner’s history of asthma and allergic diseases and smoking habits.
If the pregnant woman’s partner was not present at the antenatal clinic visit, an invitation was sent for
him to attend an open-access evening clinic for skin prick testing and questionnaire. Once both parents
had completed questionnaires and skin prick testing, a full explanation of the proposed future follow-up
for the child was given. Of the 1,499 couples who met the inclusion criteria (<10 weeks of pregnancy,
maternal age >18 years, questionnaire and skin test data available for both parents), 288 declined to take
part in the study. A total of 1,185 participants had at least some evaluable data. The children have been
followed prospectively, and attended review clinics at ages 1, 3, 5, 8 and 11 years.

Genotyping and QC: DNA samples were genotyping on an lllumina 610 quad chip. The Illumina genotypes
were called using the lllumina GenCall application following the manufacturer’s instructions. Quality
control criteria for samples included: 97% call rate, exclusion of samples with an outlier autosomal
heterozygosity (scree-plot visualization) gender validation and sequenome genotype concordance. Quality
control criteria for SNPs included a 95% call rate, HWE > 5.9x107, minor allele frequency > 0.005.

Data Imputation and Analysis: Genotypes were imputed with IMPUTE? version 2.1.2 with 1000 genomes
and hapmap phase 3 reference genotypes. Association analysis was carried out using SNPTEST v2.4.0%°
using frequentist with the score method.

Western Australian Pregnancy Cohort Study (RAINE)

Subjects: The Western Australian Pregnancy Cohort (Raine) Study is a prospective pregnancy cohort where
2,900 were recruited from King Edward Memorial Hospital between 1989 and 1991%. Data were collected
throughout pregnancy and the children have been followed-up at ages 1, 2, 3, 5, 8, 10, 14, 17, 18, 20 and
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22. Individuals who were ever diagnosed by a doctor with asthma were cases, all other individuals were
classified as controls.

Genotyping and QC: Genome-wide SNP genotyping of 1,593 individuals was performed on Illumina’s
Human660W-Quad BeadChip. Replicates were investigated and the sample with the higher proportion of
missing data was excluded. Possible cryptic relatedness between individuals in the cohort was examined,
and any pair of individuals who were related with a m > 0.1875 was investigated and the individual with
the higher proportion of missing data was excluded. Subjects were further filtered based on < 97% call
rates. SNP QC was carried out in accordance to WTCCC recommendations*; in short, markers were filtered
based on < 95% call rates, Hardy-Weinberg equilibrium p-values < 5.7x107, and minor allele frequencies <
0.01. The total number of markers passing QC was 535,632.

Data Imputation and Analysis: Imputation was performed using MACH version 1.0.18c and Minimac with
the HapMap?2 release 22 as a reference. Tests of allelic association were performed for both genotyped
and imputed SNPs using logistic regression with SNPTEST v2.2.0.

B58C: The British 1958 Birth Cohort Study

Subjects: The British 1958 Birth Cohort (also known as the National Child Development Study) is based on
all persons born in Britain during one week in 1958. They were followed up at ages 7, 11 and 16 years by
parental interviews and examinations by school medical officers, and at ages 23, 33 and 42 years by means
of interviews. The presence of diagnosed asthma or a history of wheezy bronchitis were ascertained by
parental interviews in childhood®. In adulthood, questionnaires were used to define asthma ever,
wheezing ever, and wheezing episodes in the previous 12 months***’, During 2002-2004 all cohort
members still in contact with the study team were visited for a biomedical examination *® and invited to
contribute blood samples with consent for DNA extraction. The lifetime prevalence of asthma or wheeze
in the full cohort was 49-:9% and in the subgroup with DNA samples was 48:8%.

For the purposes of this meta-analysis, cases (N=986) were defined as those with a history of “asthma
ever” at any age up to 42 years, and controls (N=5,505) were defined as the remainder of the cohort,
including those with a history of wheeze or wheezy bronchitis, but no asthma. This followed the
convention set by the GABRIEL consortium ©.

Genotyping and QC: Non-overlapping subsets of the British 1958 cohort DNA collection were genotyped
as control samples by the Wellcome Trust Case-Control Consortium **and the Type 1 Diabetes Genetics
Consortium *°, using the Illumina 550K array. From the remainder of the samples, all asthmatic cases and
a sample of non-asthmatics were genotyped by the GABRIEL consortium using the lllumina 610K array ®.
These three genome-wide datasets were combined before imputation, selecting 532,203 SNPs which were
common to the three deposits.

Each of the three subsets was restricted to subjects of white European ethnicity, but ancestry outliers on
principal components analysis were excluded from all analyses. Samples with low average call rate (<98%)
and sex mismatches were also removed. SNPs used for imputation excluded those with a call rate <95%,
minor allele frequency < 1%, HWE p-value <0.0001 or discordant allele frequencies across the three
deposits (p<0.0001 for pairwise comparisons). For chromosome X, the test of HWE was restricted to
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females, and additionally, SNPs with discordant allele frequencies between males and females (p<0.0001)
were excluded. As a result, 494,161 (93%) of the 532,203 genotyped SNPs were used for imputation.
Data Imputation and Analysis: Imputation against the HapMap 2 (release 21) CEU reference panel was
carried out using MACH 1.0.16. Statistical analysis used the palogist procedure in ProbABEL 0.1-3%2,

EVE Consortium

STAMPEED: SNP Typing for Association with Multiple Phenotypes from Existing Epidemiologic Data
Subjects: The STAMPEED asthma project includes subjects from the Chicago Asthma Genetics Study
(C.A.G.) as well as from SARP and CSGA. CAG included both European American and African American
subjects collected at The University of Chicago from a) families ascertained through affected sib pairs, b)
affected children and their parents, c) adults and children with severe persistent asthma, and d) non-
asthmatic control subjects (over the age of 18 years). Samples a-c were recruited in the adult and/or
pediatric asthma clinics at University of Chicago Hospital; controls were recruited from the medical center
at large. SARP and CSGA included both European American and African American subjects. Control subjects
and subjects with mild to severe asthma were recruited at the NHLBI funded Severe Asthma Research
Program (SARP) centers and the NHLBI Collaborative Studies on the Genetics of Asthma (CSGA) and
characterized according to asthma severity (see®>>3).

Genotyping and QC: Genotyping was performed on the Illumina 1Mv1 platform, with individual genotypes
called using clustering algorithms as implemented in the BeadStudio software by Illlumina. The resulting
number of markers was 1,033,467 prior to additional QC measures. Markers were filtered based on 95%
call rates, Hardy-Weinberg equilibrium p-values > 10, consistency in allele frequency from the HapMap
ASW (chi-square p-value > 10°), and <5 heterozygous genotype calls in males for X-linked markers. The
total number of markers following QC was 1,025,129. Subjects were filtered based on 95% call rates,
matching genetic and reported sex (Fstat on X chromosome between -0.2 and 0.3 for females, and
between 0.8 and 1 for males), consistency in self-reported ethnicity based on a principal component
analysis in Eigenstrat (no obvious clustering with the HapMap CEU for African Americans, and the HapMap
YRI for European Americans), and high or low heterozygosity (Fstat < 0.5 and >-0.2). Samples were flagged
for unexpected pairwise relatedness (IBD > 30%) or genetic identity (IBS > 90%), with subsequent filtering
performed by selecting a single sample from the pair (or group) having the highest call rate.

Data Imputation and Analysis: Imputation of the phase 2, release 21 HapMap SNPs was performed using
MACH, with the consensus CEU haplotypes used as a reference for the European American cases and
controls, and the combined consensus CEU and YRI haplotypes for the African American cases and
controls. Tests of allelic association were performed on dosages for both genotyped and imputed SNPs
using logistic regression in R (http://CRAN.R-project.org/). For the set of African American cases and
controls, local ancestry was used as a covariate at the SNP level as estimated using the set of genotyped
SNPs in the program LAMP - Local Ancestry in adMixed Populations®*. Admixture in African Americans was
modeled under 7 generations of admixture with a 2-population model of 81% ancestry from Africa and
19% ancestry from Europe (a=[0.81, 0.19]) as estimated based on the first principal component in a PCA
analysis using EIGENSTRAT®®). Windows were offset by a factor of 0.2, the cutoff for linkage was set to 0.1,
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and a constant recombination rate was set to 10, Local ancestry for imputed SNPs was obtained from the

next closest genotyped SNP.

The Children’s Health Study (CHS)

Subjects: The Children's Health Study (CHS) is an ongoing cohort study in southern California investigating
both genetic and environmental factors related to childhood asthma and lung function growth. The
Children’s Health Study GWAS was based on a nested case-control sample of 1,249 asthmatics and 1,751
controls selected from within the cohort. All subjects in this GWAS sample were either Hispanic white
(HW) (n=1,398) or non-Hispanic white (NHW) (n=1,602). Based on questionnaire responses, children were
characterized as having doctor-diagnosed asthma at study entry or during active follow-up (cases), or as
never having a diagnosis of asthma (controls).

Genotyping and QC: Study samples were genotyped at the USC Epigenome Center using the lllumina
HumanHap550, HumanHap550-Duo or Human610-Quad BeadChip microarrays. Individuals were excluded
from analysis with call rates < 90% (n=155). The HumanHap550, HumanHap550-Duo and Human610-Quad
contained 366, 366 and 418 SNPs respectively that overlapped with a candidate gene study containing a
large number of the subjects in this study (n=2,905). The average concordance rate between matching
subjects for these overlapping SNPs was > 99.69% for > 99% of the samples having a call rate > 90%.
Subjects with poor concordance with genotypes from the candidate gene study were excluded (n=19).
SNPs were excluded prior to imputation if they were not concordant between lllumina genotyped HapMap
samples and HapMap2_r21 (< 95% in any population) or not concordant between Illumina genotyped
HapMap samples on the HumanHap550 and Human610 (< 95% in any population) (n=8,616). Additionally,
SNPs were filtered if they had a call rate < 95% (n=84,381) or departed from Hardy-Weinberg equilibrium
(p < 107%) in controls in HW and NHW samples separately (n=762 and 766 respectively).

Data Imputation and Analysis: Imputation was performed with MACH v1.0.16 using the HapMap phase 2
release 21 consensus CEU haplotypes as a reference for the NHW subjects and CEU+ASN haplotypes for
the HW subjects. Tests of allelic association were performed on dosages for both genotyped and imputed
SNPs using logistic regression using R (www.R-project.org), adjusting for age, community of residence, sex,

ESG

and ancestry covariates derived from the program STRUCTURE® applied to 557 ancestrally informative

markers.

GRAAD: Genomic Research on Asthma in the African Diaspora

Subjects: The Genomic Research on Asthma in the African Diaspora study consists of 498 asthma cases
and 500 non-asthmatic controls from the Baltimore-Washington, D.C. metropolitan area who self-
reported as African American. Because asthma is often characterized by onset during childhood, there was
a deliberate decision to favor adults in the control group to minimize including controls with the potential
for developing asthma. A standardized questionnaire based on either the American Thoracic Society®” or
International Study of Asthma and Allergy in Childhood (ISAAC)*® was administered by a clinical
coordinator. Asthma was defined as both a reported history of asthma, and a documented history of
physician-diagnosed asthma (past or current). All controls (except 50, see below) were likewise
administered a standardized questionnaire and were determined to be negative for a history of asthma.
Asthma status on 50 controls participating in a study of the genetics of human pigmentation >° was not
explicitly determined, although “known clinical disease” was among the exclusion criteria. The study
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protocol was approved by the institutional review board at either the Johns Hopkins University or Howard
University.

Genotyping and QC: Details of genotyping and quality control (QC) have been previously described®.
Briefly, genotypes were generated at the Center for Inherited Disease Research (CIDR) for 665,352 SNPs
on the lllumina HumanHap650Y Versions 1 and 3 BeadChips and the lllumina Infinium Il assay protocol.
Genotypes were released for 994 GRAAD samples for SNPs with < 5% missing data, no replicate error
among other standard QC protocols. Relationships between individuals within each study were verified
using PLINK and RELPAL®?, and marker-level QC parameters (including minor allele frequency, differential
missing rates between cases and controls, and Hardy Weinberg Equilibrium) were evaluated in PLINK. The
genetic structure of African American cases and controls was evaluated using unrelated individuals from
the three HapMap “continental” ancestral populations (CEU, YRI, and ASN; www.hapmap.org) using 416
SNPs identified as ancestry informative markers (AIMs) selected for maximal difference between African
and European populations in STRUCTURE.

Data Imputation and Analysis: Genotypes were imputed at all HapMap phase 2, release 21 SNPs using
MACH, and using a combined panel of the HapMap CEU, YRI and ASN phased haplotypes. For the case-
control sample (GRAAD), a two sample t-test was used to compare the allele dosage between cases and
controls.

SAPPHIRE: The Study of Asthma Phenotypes and Pharmacogenomic Interactions by Race-Ethnicity
Subjects: Study participants received their care through a large health system serving southeast Michigan.
Cases were part of the Study of Asthma Phenotypes and Pharmacogenomic Interactions by Race-Ethnicity
(SAPPHIRE) (n=149), and met the following criteria: age 12-56 years, a prior clinical diagnosis of asthma,
no recorded diagnosis of chronic obstructive pulmonary disease (COPD) or congestive heart failure (CHF),
a baseline FEV; between 40-90% predicted, >12% baseline bronchodilator reversibility, no smoking in the
preceding year or <10 pack-year smoking history total, no oral or inhaled corticosteroid use in the 4 weeks
preceding screening, and not pregnant at the time of enroliment and not intending to get pregnant during
the study period. Controls were obtained from a separate cohort, the Wayne County Health Environment
Allergy and Asthma Longitudinal Study. All were women 2 21 years of age who also resided in the Detroit
metropolitan area and received their care from the same health system. The analytic group for the meta-
analysis was restricted to individuals who reported being African American. The Institutional Review Board
of Henry Ford Health System approved all of the components of this study.

Genotyping and QC: Genotyping for the cases was performed on the Affymetrix Genome-Wide Human
SNP Array 6.0, whereas control individuals were genotyped on either the Mapping 500K Array and the
Genome-Wide Human SNP Array 5.0 (Affymetrix, Inc., Santa Clara, California). Genotyping calls and the
chip quality control (QC) call rate were assessed using Affymetrix Genotyping Console. Subjects with the
following were excluded from the analysis: missing information for one chip (i.e., for those genotyped on
the 2 chip Mapping 500K Array), genetic sex inconsistent with reported sex, chips which did not meet the
manufacture’s recommended QC call rate, and <90% overall call rate. In order to appropriately match
cases and controls, genetic ancestry was estimated in all individuals using markers informative for African
and European ancestry and the program PSMIX®2. We restricted the control set to individuals with >30%
African ancestry (n=132), which was the lower limit of African ancestry among the cases. Single nucleotide
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polymorphisms (SNPs) common to all genotyping platforms were selected and subjected to the following
additional criteria: call rate > 95% and an exact Hardy-Weinberg equilibrium test with p-value >10®° among
the controls.

Data Imputation and Analysis: A total of 404,088 SNPs were used to impute the HapMap phase 2, release
21 SNPs using MACH with the phased HapMap CEU and YRI haplotypes as a reference. Case/control
association tests for asthma status were performed using logistic regression in R (http://CRAN.R-
project.org/) on genotype dosages, and adjusting for the first principal component from EIGENSTRAT.

Japanese Adult Asthma Research Consortium (JAARC)

Subjects: We selected subjects with childhood-onset asthma from the case subjects who participated in a
genome-wide association study (GWAS) for adult asthma in the Japanese population®. A total of 301
subjects with a history of childhood-onset asthma (asthma onset by 15 years of age; age [mean * sd],
39.4+14.8) years; female [%], 47.8) were recruited by physicians’ interviews. All subjects with asthma were
diagnosed by physicians according to the American Thoracic Society criteria. A total of 3,304 control
subjects for the GWAS (age [mean + sd], 52.5+15.1) years; female [%], 44.4) were recruited as described®,
Genotyping and QC: For the GWAS, we genotyped 301 cases using the Illlumina HumanHap610-Quad
BeadChip and 3,304 controls using the lllumina HumanHap550 BeadChip. We conducted allele sharing
analysis and performed principal component analysis for the genotype data of the samples along with
European (CEU), African (YRI) and East Asian (Japanese [JPT], and Han Chinese [CHB]) individuals obtained
from the Phase Il HapMap database by using SMARTPCA. We excluded related samples and outliers who
were away from the east Asian cluster. We also excluded SNPs with minor allele frequencies of less than
0.01 in both cases and controls. SNPs having call rates 299% in both cases and controls were used for the
association study. We conducted exact Hardy-Weinberg equilibrium (HWE) analysis, and SNPs with P
values less than the cut-off values of the HWE test (P < 10® in controls) were also excluded from the
analysis.

Data Imputation and Analysis: Imputation of HapMap2, Release21 SNPs was performed using MACH with
the JPT+CHB haplotypes as a reference. SNPs with P values of HWE in the control group > 1x10® were
imputed. In the GWAS, the statistical significance of the association with each SNP was assessed using a
logistic regression analysis.

Japan Pediatric Asthma Consortium (JPAC)

Subjects: The part of the study population, genotyping and quality control have been previously
described®. All subjects with asthma were child or child-onset (<15 years old) asthmatics in Japan. Patients
were recruited from 3 pediatric hospitals and 1 pediatric clinic, and the diagnosis of the asthma in all
patients was confirmed by specialists in pediatric allergology on the basis of the criteria of the National
Institutes of Health, USA, with minor modifications. The control for the GWAS were healthy Japanese adult
subjects from Tokyo who had no current history of asthma. All subjects were self-reported Japanese origin.
Genotyping and QC: Genome-wide SNP genotyping of 978 pediatric asthmatics and 694 controls was
performed on Illumina’s HumanHap550v3/610 Genotyping BeadChip (lllumina, Inc., San Diego, CA). We
examined the potential genetic relatedness on the basis of pairwise identity by state for all of the
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successfully genotyped samples using the EIGENSTRAT software , and we excluded samples belonging to
Han Chinese or Ryukyu, an island located in southern Japan. Subjects were filtered based on < 95% call
rates, and markers were filtered based on < 95% call rates, Hardy-Weinberg equilibrium p-values < 10,
and minor allele frequencies < 0.01. Total number of pediatric asthmatics and controls passing QC was 938
and 672, respectively, and the total number of markers passing QC was 482,803 for HumanHap 610 and
435,199 for HumanHap550v3.

Data Imputation and Analysis: Imputation of the HapMap Phase 2 Release 21 SNPs was performed using
MACH version 1.0.17 with the JPT+CHB phased haplotypes as a reference. Tests of allelic association were
performed for both genotyped and imputed SNPs using logistic regression with MACH2DAT software
version 1.1.9.

GABRIEL Consortium

The GABRIEL Consortium includes 19 studies that contributed to TAGC. Seven of the 19 studies were split
into two datasets according to age of onset of asthma (before or after 16 years of age); the INDUSTRIAL
subgroup included four studies and the German MAS and MAGICS studies were combined.

EGEA: Briefly, the EGEA study (N=2,120 subjects) combines a case-control and a family-based study of
asthma cases with three surveys over 20 years (EGEA1: 1991-1995, EGEA2: 2003-2007 and EGEA3: 2011-
2013). The whole study population included 388 asthmatic probands recruited in chest clinics and their
1,317 family members (probands’ parents and/or siblings) plus 415 population-based controls®®. The
probands (asthmatics and controls) were between 7 and 70 years old at time of study. All subjects were
of European ancestry and were born in France. Data collected through face-to-face interviews and
examination included extensive phenotypic characterization (detailed clinical data based on standardized
questionnaire, skin prick tests, lung function tests, bronchial responsiveness, blood samples, white blood
cell counts, total IgE), data on risk factors (environmental exposures, diet, physical activity, hormone-
related events) and drug consumption. For the present study, cases with asthma were defined by a positive
answer to the question “Have you ever had asthma attacks?” at EGEA1 or EGEA2. Detailed description of
the study can be found in Kauffmann et a/°>%® and at http://egeanet.vjf.inserm.fr. After QC, a total of 1,928
EGEA subjects were retained in the GWAS analyses.

ALSPAC: is a population-based, prospective, longitudinal, birth-cohort study that was recruited during
pregnancy. Pregnant women resident in Avon, United Kingdom and with estimated dates of delivery
1/4/1991-31/12/1992 were recruited through antenatal clinics.®’(www.bristol.ac.uk/alspac) Of 14,451
pregnancies recruited, there were 14,072 live births and 13,988 children remained alive at age 1 year.
Children have been followed from birth using a combination of self-completion questionnaires sent at
regular intervals to their mothers and hands-on assessments at annual dedicated research clinics from age
7 years. Asthma in children was defined as a positive response to the question, “Has a doctor ever told you
that your child has asthma?” in a questionnaire sent to their mothers at 91 months after birth. A total of
5,231 children had data on asthma at 91 months with DNA available for genotyping. Of these, 650 (12.4%)
had asthma. An equal number of controls were selected at random from the remaining population with
questionnaire responses at 91 months and DNA available. After QC a total of 1,216 subjects were retained
in the GWAS analyses.
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ECRHS: Sixteen centres (eight countries) in the ECRHS contributed samples to the GWAS.%%%
(www.ecrhs.org) In each centre, a representative community-based sample of at least 3000 adults aged
20-44 years were invited to complete a brief postal questionnaire asking about respiratory symptoms
(ECRHS | - Stage 1) between 1991-1993. A random sample of these (600 per centre) underwent intensive
further investigation (ECRHS | - Stage 2 — random sample). Participants who had symptoms highly
suggestive of asthma but who had not been selected at random to take part in Stage 2 were also invited
to undergo intensive investigations (ECRHS | - Stage 2- enriched sample). About ten years later all adults
who had taken part in Stage 2 were re-contacted (ECRHS Il) and again asked about respiratory symptoms.
Samples suitable for DNA extraction were collected. For the GWAS initiative all cases of asthma were
identified (participants from the random or enriched sample who said yes to the question ‘Have you ever
had asthma?’ at either ECRHS Stage | or Stage Il). Controls were a random sample (of the random sample)
who answered ‘no’ to the same question in both surveys. After quality control (QC) criteria a total of 2,101
ECRHS subjects were retained in the GWAS analyses.

BAMSE: Between 1994 and 1996, 4,089 newborn infants were recruited in the BAMSE study, and
questionnaire data on baseline study characteristics were obtained.”®’* The catchment area included
central and north-western parts of Stockholm. At approximately one, two, four, and eight years of age,
parents completed questionnaires on their children’s symptoms related to asthma and other allergic
diseases. The response rates were 96%, 94%, 92% and 84%, respectively. At eight years of age, all children
of the BAMSE study were invited to clinical testing, and blood samples were obtained from 2,480 children.
DNA was extracted from 2,033 samples after exclusion of samples with too little blood, lack of
guestionnaire data, or if parental consent to genetic analysis of the sample was not obtained. From these
samples, all children with a doctor’s diagnosis of asthma (ever) were selected as cases and children with
no history of asthma or other allergic diseases were selected as controls. After QC a total of 485 subjects
were retained in the GWAS analyses.

BUSSELTON: Residents of the town of Busselton in the southwest of Western Australia have been involved
in a series of health surveys since 1966. (www.busseltonhealthstudy.com) The population is
predominantly of European origin. In 1994/95 there was a follow-up study involving a subset of those who
had attended any of the previous surveys. Cases of asthma were defined as those who reported doctor-
diagnosed asthma at any survey that they attend from 1966 to 1994 (answer ‘Yes’ to ‘Has your doctor ever
told you that you had asthma?’).”2 Controls are those who have consistently answered ‘No’ to ‘Has your
doctor ever told you that you had asthma?’ at all previous surveys that they have attended from 1996 to
1994. For the GWA study, a case control sample of unrelated individuals was selected. After QC a total of
1,207 subjects were retained in the GWAS analyses.

GABRIEL ADVANCED SURVEYS: Are cross-sectional population-based surveys conducted in rural areas of
Austria, Germany, and Switzerland. In total, 135,359 children aged 6-12 years were addressed through
schools. In a first stage in fall/winter 2006, asthma, allergic disease, and contact to farming environments
were assessed using a short parental questionnaire (n=79,888). In a second stage in spring/summer 2007,
9,668 children were selected among families consenting in writing to blood sampling, genetic testing and
collection of environmental samples by stratified random sampling to ensure representation of children
with high exposure to farming environments.”®> Genomic DNA was purified from blood samples using the
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Puregene chemistry (QIAGEN, Hilden, Germany) on an Autopure LS instrument (QIAGEN, Hilden,
Germany). Genomic DNA and questionnaire data were available for 7,303 children of whom 862 cases and
865 controls were selected for genotyping. A case was defined as a parental report of asthma diagnosed
by a doctor at least once or asthmatic bronchitis diagnosed at least twice during lifetime. To account for
the stratified random sampling, probability weights were introduced in the statistical analyses. After QC a
total of 1,692 subjects were retained in the GWAS analyses.

KSMU: is a population-based case-control study of adult cases of asthma and controls matched for age
and sex.””> A total of 429 unrelated subjects were recruited in this study, (215 patients with asthma and
214 controls). The study subjects were of Russian origin from Central Russia. All patients were recruited at
the Department of Pulmonology, Kursk Regional Clinical Hospital between 2003 and 2004. Additional adult
patients with asthma and healthy subjects (>200 samples) from the same population were recruited
between 2007 and 2008 specially in order to increase final sample size for the GWAS initiative. All patients
were diagnosed with asthma by the presence of characteristic symptoms, reversibility of airway
obstruction or airway hyperresponsiveness to methacholine. All control subjects were enrolled in
accordance with the following criteria: (1) no symptoms and history of allergic diseases, (2) normal total
serum IgE levels, (3) and normal pulmonary function test results. Personal data, including smoking status
and age of the disease onset, was collected through in-person interviews. After QC a total of 568 subjects
were retained in the GWAS analyses.

MRCA-UK: is a collection of nuclear families (207 families total number of subjects 783) ascertained
through a proband with >Step 3 asthma according to British Thoracic Society guidelines’® and four hundred
and thirty seven non-asthmatic UK controls (UK-C)”’. Probands and family members all answered a nurse-
administered comprehensive respiratory questionnaire with asthma being defined as positive response to
the question ““Has your doctor ever told you that you have asthma?”’. The children from this collection
together with those from MAGICs (below) formed the case control dataset genotyped in the first GWAS
for asthma”’.

MAGICS consists of 655 asthmatic children (asthma diagnosed by a pulmonologist) were derived from the
Multicenter Asthma Genetics In Childhood Study with a further 73 asthmatics and 694 unaffected
individuals (randomly selected) from Phase One of the International Study of Asthma and Allergy in
Childhood (ISAAC)’®7°, For the 73 asthmatics from ISAAC, asthma was physician diagnosed and/or reports
by parent of recurrent spastic or asthmatic bronchitis. MAGICS together with the children from the MRCA
collection formed the case control dataset genotyped in the first GWAS for asthma’” .

MAS: Consists of 1,314 healthy mature children born in 5 German cities in the year 1990. All children were
followed at the age of 1, 3, 6, 12, 18, and 24 months and at yearly intervals thereafter until age 15 years.808!
Clinical and environmental assessment included standardized interviews, questionnaires, physical
examinations, and environmental studies. Total and specific IgE antibodies to hen’s egg, cow’s milk, wheat,
and soy were determined at the age of 1, 2, 3, 5, 7, and 10 years. DNAs from all children with a doctor
diagnosis of asthma were provided for the GWA study. This dataset was combined with the MAGICS
dataset.

PIAMA: Is a birth cohort study consisting of two parts: a placebo controlled intervention study in which
the effect of mite impermeable mattress covers was studied and a natural history study in which no
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intervention took place. In this study, only data from the natural history part of the study are presented.
Details of the study design have been published previously.8?%* Recruitment took place in 1996-1997. A
screening questionnaire was distributed to 10,232 pregnant women visiting one of 52 prenatal clinics.
10,232 pregnant women completed a validated screening questionnaire at their prenatal health care clinic.
Based on this screening, 7,862 women were invited to participate, of whom 4,146 women agreed and gave
informed consent. Mothers reporting a history of asthma, current hay fever or allergy to pets or house
dust mite were defined as allergic. Follow-up of the children took place at 3 months of age and yearly from
1 to 8 years of age. The response rates to the annual questionnaires ranged from 3030 (92%) at age 1 to
2732 (83%) at age 8 years. For the GWA study, DNA from childhood asthma cases and a set of matched
non-asthmatic controls were provided. After QC a total of 359 subjects were retained in the GWAS
analyses.

SAPALDIA: Contributed all self-reported asthma cases as well as a random sample of controls. These
subjects were obtained from among 6,055 SAPALDIA cohort subjects that participated in both, the baseline
(1991) and follow-up (2002) examinations and agreed to providing blood for genetic analysis. SAPALDIA is
a population-based cohort that originally recruited subjects aged 18 to 60 from population registries in
eight Swiss communities representing the three largest language groups (German, French, Italian) as well
as different levels of air pollution, altitude and degrees of urbanization.®®’ At both baseline and follow-
up examination subjects underwent spirometry as well as a detailed interview on respiratory health,
smoking history, lifestyle factors and anthropometry. At follow-up, 8,047 of 9,651 baseline subjects re-
participated in at least one part of the study and a formal biobank was established. SAPALDIA questions
about smoking and asthma status were equivalent to those used by the ECRHS. Asthma status was defined
by an affirmative answer to the question “Have you ever had asthma” at baseline and/or follow-up
interview. After QC a total of 1,521 subjects were retained in the GWAS analyses.

TOMSK: Is a population-based family study conducted by the Research Institute of Medical Genetics and
Siberian State Medical University (Tomsk, Russia) from 1998 onwards.®8%° Both nuclear families and
extended pedigrees were recruited through atopic bronchial asthmatic probands. All participants were
Russians or of a mixed ethnic origin due to marriages between Russians and major East Slavonic
populations (Ukrainians, Byelorussians). Altogether, 196 families were studied, out of which 150 families
were recruited in Tomsk Region Children Hospital and Tomsk Region Hospital (Tomsk, Russia), and 46
families were recruited in the city of Irkutsk hospitals by the staff of the Irkutsk State Institute of Doctor’s
Advanced Training (Irkutsk, Russia). Both probands and their relatives were clinically examined to establish
diagnosis of asthma and atopy by the GINA criteria (Global Initiative for Asthma: Global Strategy for
Asthma Management and Prevention. http://www.ginasthma.org). Besides the clinical examination,
laboratory and functional testing were conducted to assess common IgE levels (solid-phase immune-
enzyme assay), specific sensitization (skin-prick tests), lung volumes (spirometry), and airway
responsiveness (bronchoprovocative tests with methacholine). After QC a total of 681 subjects were
retained in the GWAS analyses.

UFA: Is a population-based case-control study of asthma cases and controls matched on age and sex. Cases
are unrelated patients with physician-diagnosed asthma and controls disease-free. Subjects are of
different ethnic origins (Russians, Tatars and Bashkirs) from Volga-Ural region of Russian Federation. The
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Volga-Ural region is located at the border between Europe and Asia and has been the arena of permanent
genetic exchanges among Siberian, European, Central Asian and other populations. Anthropologically,
Russians, Tatars and Bashkirs are Caucasians and have a varying Asian component. Recruitment of cases
and controls was carried out by the Hospital of the Bashkir Medical State University and Ufa Municipal
Hospital Ne21 between 1999 and the year 2007. Asthma patients were diagnosed by pulmonologists on
the basis of clinical examination, family and medication history, objective tests of lung function. The
controls were healthy subjects who met all the following criteria: (1) no symptoms or history of asthma or
other pulmonary diseases; (2) no symptoms or history of atopy; and (3) absence of first-degree relatives
with a history of asthma or atopy. After QC a total of 678 subjects were retained in the GWAS analyses.
INDUSTRIAL (the Industrial Cohorts Research Group): The study base consists of several pooled surveys
on occupational asthma from Denmark and The Netherlands. The populations come from industries with
exposure to known major allergens and irritants; high molecular weight sensitizers (wheat flour, fungal
alpha amylase, animal allergens), low molecular weight sensitizers (isocyanate monomers and oligomers)
and irritants and inflammatory agents (isocyanates, organic dust, endotoxins, wood). Prevalent cases and
industry, gender and age matched study-specific controls were included for the GWAS initiative. Briefly,
cases and controls originate from the following population based or prospective cohort studies in
agricultural dust and/or animal exposed environments: the Danish SUS study®®°?, the Dutch Omega®**?
and Veterinarian’s Health Study®®; in wheat and amylase exposed environments: the bakers from the
Dutch Bakers health surveillance project®; in wood dust exposed environments: workers in the Danish
furniture industry of the Danish Wood Dust Cohort;*®*°” and for isocyanate exposed workers: a population
of Dutch industrial spray painters.’® Asthma, respiratory symptoms and potential confounders like
smoking were primarily assessed from questionnaires. More objective health measures were also collated
including lung function measurements, a specific bronchial hyperresponsiveness and specific IgE
measurements. Exposure was assessed by taking job histories from questionnaires. For all studies
extensive measurement series have been collected which have been used to create generic or study
specific Job Exposure Matrices by which the exposure can be estimated quantitatively on the basis of job
title and sometimes tasks performed®. After QC a total of 1,227 subjects were retained in the GWAS
analyses.

SEVERE: Severe/refractory cases of asthma were recruited through three specialist severe asthma clinics;
adult and childhood clinics based at the Royal Brompton Hospital, London and an adult clinic at the
Glenfield Hospital, Leicester. Patients attending the Glenfield Hospital clinics had full characterisation and
were deemed to have severe/refractory asthma according to a specialised protocol involving parameters
of airway inflammation, airway physiology, as well as quality of life and control of symptoms.1°1%2 Those
attending Royal Brompton Hospital adult clinics were also fully characterised, with severe asthma defined
according to the ATS and ERS definition of severe asthma.03:104

Severe asthma in the pediatric clinic was defined as one or more of the following criteria: (1) Persistent
(most days, for at least 3 months) chronic symptoms (the necessity because of symptoms for short-acting
B-2 agonists at least three times/week) of airways obstruction despite high dose inhaled corticosteroids
(Beclomethasone equivalent 800 mcg/day) and trials of every add-on medication available in the country
of residence (these would include, if available, long acting B-2 agonist, leukotriene receptor antagonist,
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oral theophylline in the low, anti-inflammatory dose). This group includes Type 1 brittle asthma. (2)
Recurrent severe asthma exacerbations despite attempts with medication including trials of allergen
avoidance, low dose daily inhaled corticosteroids or intermittent high dose inhaled corticosteroids: either
at least one admission to an intensive care unit, or at least two hospital admissions requiring intravenous
medication/s, or > 2 courses of oral steroids during the last year, despite the above therapy. This group
includes Type 2 brittle asthma. (3) Persistent airflow obstruction: post oral steroid, post-bronchodilator Z
score < -1.96 for FEV;, with appropriate normative data despite the above therapy. (4) The necessity of
prescription of alternate day or daily oral steroids to achieve control of asthma. Children were evaluated
in detail to exclude as far as possible non-adherence to therapy, significant co-morbidity (for example,
rhinosinusitis and gastroesophageal reflux), psychosocial issues and adverse environmental circumstances
as contributing factors to the severity of asthma.'®1%7 Because of the relatively small numbers of severe
asthmatics, this group were not subdivided into childhood onset and adult onset groups. After QC a total
of 290 subjects were retained in the GWAS analyses.

For the SEVERE cohorts, control data for analysis was obtained through the WTCCC
(http://www.wtccc.org.uk). Data used was from 974 samples genotyped using an lllumina 1.2M custom
chip.

Genotyping and QC for all GABRIEL datasets: All Gabriel consortium datasets, except for the MRCA and
MAGICS datasets, were genotyped at Centre National de Génotypage (CNG, Evry, France) using the
lllumina Human610-Quad array®. The MRCA and MAGICS datasets were genotyped using Illumina Sentrix
Human-1 and Sentrix HumanHap300 BeadChips, as part of the first asthma GWAS”’. QC of individuals and
SNPs genotyped at CNG was done in each dataset following the same protocol®. Briefly, individuals were
removed from analysis if they were not of European descent (principal component analysis of each
GABRIEL datasets with all HapMap populations), had a low genotyping call rate (<95%) or were discrepant
or ambiguous for genetic sex. Single Nucleotide Polymorphisms (SNPs) with call rate lower than 95% or
minor allele frequency (MAF) lower than 0.01, or with Hardy-Weinberg equilibrium P-value <10* were
removed. QC for MRCA and MAGICS is detailed Moffatt et al.”’

Imputation and analysis of all GABRIEL datasets: In each dataset, genome-wide imputations were
performed using MACH 1.0 software and HapMap Phase 2 (Release 21) as reference panel. SNPs with
imputation quality score (rsq) = 0.5 and minor allele frequency > 1% were kept for analysis. Association
analysis between asthma and individual SNPs was performed using a logistic regression model that
included allele dosage for each SNP and principal components to account for population structure. In
family data, a robust sandwich estimation of the variance and a family cluster were used to take into
account familial dependencies. Moreover, due to the complex sampling design of the GABRIELA study,
survey regression techniques were used for this study to estimate robust standard errors (‘svy’ command
in Stata). All analyses were performed using Stata® version 10 (distributed by Stata Corporation, College
Station, Texas, USA).

NTR: The Netherlands Twin Register Study

Subjects: NTR %10 participants are ascertained because of the presence of twins or triplets in the family
and consist of multiples, their parents, siblings and spouses. Twins are born in all strata of society and NTR
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represents a general sample from the Dutch population. In this study, 2,867 individuals were included (451
cases and 2,416 controls) with asthma definition: “ever doctor diagnosed asthma ignoring age of onset”.

Genotyping and QC: [La table sup 2 indique “lllumina 660K, lllumina Omni Express 1 mil, Affymetrix
Perlegen and Affymetrix 6.0”] Genotype data were checked for European ancestry, Mendelian errors,
gender inconsistencies and high genome-wide homozygosity. Checks for relatedness were carried out and
only unrelated individuals were used in the analysis. Genotype data were further checked based on Hardy-
Weinberg Equilibrium (1x10® HWE), minor allele frequencies (MAF 0.01), SNP call rate (95% threshold of
subjects with missing genotypes per SNP) and sample call rate (75% threshold of missing SNPs per subject).
Data Imputation and Analysis: The reference set used for imputation is HapMap phase Il CEU data NCBI
build 36 (UCSC hgl8). Imputation was carried out using IMPUTE. Genome-wide association analysis was
conducted using logistic regression (under an additive model) and including sex, age at examination and 4
principal components as covariates. Association analysis was conducted in PLINK, taking the uncertainty

of the imputed genotypes into account.

Rotterdam Study (RS-I, RS-II, RS-III)

Subjects: The Rotterdam Study is a prospective population based cohort study ongoing since 1990 in the
city of Rotterdam in The Netherlands. Study design and objectives have been described elsewhere!. The
first cohort (RS 1) consists of 7,983 participants, aged 55 years and over. The second cohort (RS Il) was
recruited in 2000 with the same inclusion criteria and consists of 3,011 participants. The third cohort (RS
II) consists of 3,932 participants, aged 45 years and over and was recruited in 2006. As of 2008, 14,926
subjects aged 45 years or over comprise the Rotterdam Study cohort. Asthma cases were collected by
chart review. Cases were ascertained by 1) Doctor’s diagnosis of Asthma and 2) no conflicting respiratory
diagnosis. Additionally, prescriptions for respiratory medicines were used for case finding. The number of
cases and controls by study is shown in the Supplementary Table 1.

Genotyping and QC: Genotyping was done using the following arrays: lllumina Infinium Il HumanHap550
chip v3.0 array (RS1), the HumanHap550 Duo Arrays and the lllumina Human610-Quad Arrays (RS-Il), and
the Human 610 Quad Arrays lllumina (RS-111). Exclusions were based on a call rate < 98%, Hardy-Weinberg
p-value < 10°® and MAF < 0.01%. SNP exclusions were based on a call rate < 98%, Hardy-Weinberg p-value
< 10°% and MAF < 0.01%.

Data Imputation and Analysis: We used the Markov Chain Haplotyping (MACH) package version 1.0.15
software (Rotterdam, The Netherlands; imputed to plus strand of NCBI build 36, HapMap release #22) for
the analyses of RSl and RSII. RSIII was imputed using MACH 1.0.16. For the analyses we used a MACH2DAT
implemented in GRIMP, a high-speed pipeline for Genome Wide Association analyses3*.

Dutch Asthma Genetics Consortium (DAGC)

Subjects : The Dutch Asthma GWAS (DAG) cohort consists of in total 915 asthma cases and 986 controls,
all from the northern of the Netherlands. The DAG cohort was genotyped in two phases and meta-analysed
afterwards. For the first phase, 463 cases were selected from a trio and family study. The 469 controls
were non-asthmatic spouses or pseudo-controls of untransmitted alleles in our trio design (GWAS ). For
the second phase (GWAS lI), 452 asthmatics were selected from previous clinical and genetic studies
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performed by our research institute. The 517 controls were selected from the COPACETIC study, a
geographically matched population-based study on lung cancer screening in male smokers. All asthmatics
had a physician’s diagnosis of asthma, asthma symptoms, and BHR to either histamine or methacholine.
BHR was measured with a metacholine or histamine challenge test, and defined as PC20 histamine.
Controls had no asthma or COPD, nor any evidence of significant airway obstruction.!!

Genotyping: Genotyping was performed on two platforms, 1. the Illumina HAPMAP 317K platform and 2.
HAPMAP Illumina 370 Duo Chip. Quality control was applied; subjects were removed for analysis if they
were not of Caucasian descent, had a low genotyping call rate (< 95%) or were discrepant or ambiguous
for genetic sex. SNPs were deleted if the call rates were low (95%), if they were not in Hardy-Weinberg
Equilibrium (p < 10E-04), or if the minor allele frequency was < 0.05.

Data Imputation and Analysis: Imputation was performed using BEAGLE and the HapMap2 CEU reference
panel. All statistical analyses have been performed using PLINK v1.07.
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