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Table E1. Air quality data for the 10 Hutterite colonies in South Dakota participating in

these studies (from http://www.homefacts.com/airguality/South-Dakota.html). These data are

gathered from measuring stations across the country. A higher number (on a scale of
1-10) reflects fewer amounts of pollutants (i.e., a 9.0 means that 90% of the stations
around the country are measuring higher amounts than the local station). The six air
pollutants reported are carbon monoxide, ozone, particulate matter (PM) 10, PM 2.5, and
sulfur dioxide. The range of values for the six pollutants and overall ratings are shown.

Values for the individual pollutants can be found at the above website.

Zpcose |Mamberofcoonies| | Rangeolsr | OLerd A | overa rating
57042 1 5.0-9.9 9.2 Outstanding
57076 1 5.7-9.9 9.2 Outstanding
57301 2 6.8-9.9 9.6 Outstanding
57311 2 6.8-9.9 9.6 Outstanding
57314 1 5.0-9.9 9.2 Outstanding
57334 1 6.8-9.9 9.2 Outstanding
57334 1 6.8-9.9 9.6 Outstanding
57366 1 6.8-9.9 9.6 Outstanding



http://www.homefacts.com/airquality/South-Dakota.html

Table E2. Characteristics of the Non-asthmatic and Asthmatic Sample Subsets.

Females

Asthmatics
Sample Size
Number with atopy (%)
Mean age £ SD (yr)
Mean FEV; = SD (L)
Mean FVC £ SD (L)
Mean FEV,/FVC * SD (%)
Non-asthmatics
Sample Size
Number with atopy (%)
Mean age £ SD (yr)
Mean FEV; £ SD (L)

Mean FVC £ SD (L)

Mean FEV/FVC + SD (%)

6-17 years

25

13 (52.0%)
10.8 + 3.2
2.28 +0.92
2.75+1.13
835+ 7.1

155
63 (40.6%)
115+3.2
2.65 +1.06
3.08+1.31
87.3+7.5

48

34 (70.8%)
39.4 +14.6
3.76 £ 0.78
5.03 + 0.90
749+75

303
157 (51.8%)
40.2+15.4
3.92+0.77
4.89 + 0.91

80.4+7.6

38

20 (52.6%)
12.0+2.9
2.56 + 0.81
2.93+0.95
87.8+6.7

157
73 (46.5%)
12.2+2.9
2.56 + 0.77
2.85+0.90
90.0 + 6.3

> 17 years

51
24 (47.1%)
38.2+15.6
2.80 + 0.53
3.64+0.70
77.2+8.0

367
170 (46.3%)
39.8 +15.6
2.96 + 0.60
3.61+0.70

82.1+6.8




Table E3. SNPs associated with lung function at P < 107 in the Hutterites. P-values

highlighted in bold exceeded the threshold for Bonferroni-corrected genome-wide

significance (P < 2.0 x 10”"). MAF, minor allele frequency.

NCBI36 SNP-Gene Major/Minor FEV,/FVC
Position Relationship Allele P
rs10864907 2 113,400,346 IL37 7.4k downstream GIA 0.44 1.5E-01 6.7E-06  3.9E-04
rs2637260 10 77,990,352 C100rf1l 3.2k downstream T/C 0.44 7.5E-06 1.4E-01  3.9E-01
rs2637261 10 77,990,599 C10orfll 3.5k downstream G/A 0.44 7.5E-06 1.4E-01 3.9E-01
rs2637266 10 78,001,324 C10o0rfll  14.2k downstream T/C 0.44 2.0E-06 1.1E-01  4.2E-01
rs10824425 10 78,010,316 C10orfll  23.2k downstream CIG 0.44 8.2E-06 1.1E-01  4.7E-01
rs11856830 15 68,211,555 TLE3 34.2k upstream AlG 0.40 3.2E-06 1.6E-01  8.7E-01
rs2114719 15 68,720,392 UACA 13.6k downstream GIA 0.12 4.2E-07 6.9E-04  2.5E-01
rs2162555 15 68,720,626 UACA 13.3k downstream GIA 0.12 5.7E-07 2.2E-04  1.6E-01
rs6494886 15 68,720,785 UACA 13.2k downstream CIA 0.12 3.9E-07 1.2E-03  2.5E-01
rs2162556 15 68,723,492 UACA 10.5k downstream CIT 0.12 4.2E-07 6.9E-04  2.5E-01
rs1991088 15 68,791,504 UACA intron CIT 0.18 1.2E-06 3.8E-02  8.6E-01
rs1477439 15 68,821,634 UACA intron GIC 0.28 5.3E-06 1.3E-01  5.4E-01
rs4777305 15 68,832,522 UACA intron T/IC 0.18 1.5E-06 2.5E-02  8.1E-01
rs11633212 15 69,387,305 THSD4 intron AIG 0.33 3.8E-06 1.6E-01  6.4E-01
rs17786786 15 69,395,673 THSD4 intron AIC 0.27 4.2E-08 1.6E-01  4.2E-01
rs6494904 15 69,396,576 THSD4 intron T/C 0.25 1.4E-08 5.8E-02  5.9E-01
rs11855326 15 69,397,889 THSD4 intron GIA 0.25 2.5E-08 5.4E-02  6.6E-01
rs1837762 15 69,399,357 THSD4 intron CIT 0.11 5.7E-08 1.7E-03  4.5E-01
rs11858540 15 69,409,840 THSD4 intron TIG 0.12 3.0E-07 1.5E-02  7.4E-01
rs1441361 15 69,412,176 THSD4 intron AIG 0.12 2.8E-07 1.5E-02  7.3E-01
rs1568010 15 69,455,566 THSD4 intron T/G 0.44 7.6E-06 3.8E-01  5.8E-02
rs11858454 15 69,456,169 THSD4 intron CIT 0.44 5.3E-06 3.8E-01  6.1E-02
rs8033889 15 69,467,134 THSD4 intron GIT 0.25 2.3E-07 4.4E-03  3.3E-01
rs4531689 15 69,476,033 THSD4 intron CIT 0.46 4.8E-06 5.0E-01  5.4E-02
rs4288952 15 69,477,937 THSD4 intron GIA 0.45 4.6E-06 4.6E-01  4.8E-02




rs12441227 15

rs712046 17

rs854679 17

rs854674 17

rs2017854 17

rs4799710 18

rs2835345 21

69,483,940
31,382,410
31,382,952
31,384,085
62,918,483
29520739

36,723,304

THSD4

CCL23

CCL23

CCL23

PITPNC1

ASXL3

CHAF1B

intron
13.3k upstream
13.8k upstream
15.0k upstream
intron
intron

12.3k downstream

T/IC

G/A

GIT

T/IC

G/C

AIG

GIT

0.22

0.32

0.32

0.32

0.41

0.32

0.25

3.4E-09

3.2E-07

3.4E-07

6.8E-07

2.6E-06

2.8E-01

8.3E-06

2.2E-03

8.2E-02

8.9E-02

1.3E-01

5.2E-01

6.4E-04

1.1E-01

3.7E-01

5.0E-01

5.2E-01

4.6E-01

8.5E-04

6.7E-06

4.9E-01




Table E4. Results of analyses of FEV1/FVC in combined sample, in sample excluding

asthmatics (non-asthmatics), and in analyses stratified by age. All SNPs with P-value <

10 in the combined sample are shown.

Combined Adults Children
NCBI36 sample Non-asthmatics Asthmatics (>17 years) (=17 years)
Position \ P N P \ P N P N P
rs2637260 10 77,990,352 1106  7.50E-06 949  6.34E-07 157 9.82E-01 760  2.70E-04 346  2.69E-02
rs2637261 10 77,990,599 1106  7.50E-06 949  6.34E-07 157 9.82E-01 760  2.70E-04 346  2.69E-02
rs2637266 10 78,001,324 1065  2.00E-06 916  2.43E-07 149  8.31E-01 722 4.22E-05 343  3.38E-02
rs10824425 10 78,010,316 1099  8.23E-06 943  8.98E-07 156  9.99E-01 753  3.34E-04 346  2.58E-02

rs11856830 15 68,211,555 1055 3.17E-06 905 2.41E-04 150 1.42E-01 713 1.87E-03 342  1.40E-03
rs2114719 15 68,720,392 1106 4.15E-07 949 2.97E-05 157 1.93E-02 760 5.56E-05 346  1.98E-02
rs2162555 15 68,720,626 1095 5.68E-07 940 3.74E-05 155 2.38E-02 750 4.62E-05 345  2.38E-02
rs6494886 15 68,720,785 1092 3.87E-07 938 1.50E-05 154 4.28E-02 750 6.07E-05 342  2.58E-02
rs2162556 15 68,723,492 1106 4.15E-07 949 2.97E-05 157 1.93E-02 760 5.56E-05 346  1.98E-02
rs1991088 15 68,791,504 1097 1.18E-06 941 1.72E-04 156 1.64E-03 753 3.87E-04 344  5.35E-03
rs1477439 15 68,821,634 1101 5.34E-06 945 1.18E-03 156 9.70E-03 757 4.63E-03 344  5.08E-04
rs4777305 15 68,832,522 1100 1.47E-06 944 1.60E-04 156 3.22E-03 754 6.59E-04 346  4.03E-03
rs11633212 15 69,387,305 1103 3.80E-06 946 5.33E-04 157 7.29E-05 757 1.22E-04 346  2.31E-02
rsl7786786 15 69,395,673 1100 4.23E-08 944 1.28E-05 156 7.28E-05 757 1.08E-05 343  1.09E-02
rs6494904 15 69,396,576 1105 1.43E-08 948 3.64E-06 157 1.57E-04 759 3.23E-06 346  9.91E-03
rs11855326 15 69,397,889 1104 2.47E-08 947 6.12E-06 157 1.57E-04 758 6.08E-06 346  9.91E-03
rs1837762 15 69,399,357 1104 5.65E-08 947 5.42E-06 157 2.36E-02 758 4.17E-05 346  1.59E-02
rs11858540 15 69,409,840 1106 2.98E-07 949 3.44E-05 157 1.26E-02 760 2.05E-04 346  2.12E-02
rs1441361 15 69,412,176 1105 2.76E-07 948 3.06E-05 157 1.26E-02 759 1.95E-04 346 2.12E-02
rs1568010 15 69,455,566 1102 7.56E-06 946 3.10E-04 156 1.45E-01 757 3.08E-05 345 1.15E-01
rs11858454 15 69,456,169 1106 5.26E-06 949 2.26E-04 157 1.38E-01 760 2.87E-05 346  1.04E-01
rs8033889 15 69,467,134 1103 2.31E-07 946 3.56E-05 157 1.08E-03 757 1.89E-05 346  2.07E-03
rs4531689 15 69,476,033 1104 4.77E-06 947 3.87E-04 157 1.05E-01 759 5.60E-05 345  4.50E-02

rs4288952 15 69,477,937 1099 4.58E-06 942 2.60E-04 157 1.03E-01 755 3.51E-05 344  8.37E-02




rs12441227

rs712046

rs854679

rs854674

rs2017854

rs2835345

15

17

17

17

17

21

69,483,940
31,382,410
31,382,952
31,384,085
62,918,483

36,723,304

1091

1104

1097

1098

1105

1103

3.38E-09

3.20E-07

3.40E-07

6.77E-07

2.58E-06

8.29E-06

36

947

941

941

948

947

2.79E-06

7.23E-05

5.66E-05

9.55E-05

3.87E-05

1.92E-04

155

157

156

157

157

156

2.05E-03

4.37E-02

6.64E-02

5.44E-02

1.48E-03

3.39E-03

746

759

751

752

759

758

4.70E-06

6.73E-05

6.21E-05

1.39E-04

1.63E-05

2.45E-03

345

345

346

346

346

345

5.86E-04

6.27E-03

7.38E-03

6.92E-03

1.19E-02

5.70E-03




Table E5. Evidence for associations with lung function in the Hutterites for the 27 previously reported lung function
associated loci. If the reported SNP was not genotyped in the Hutterites, a surrogate SNP with the strongest LD to
the reported SNP and the amount of LD in HapMap (r?) are shown. One SNP, rs12447804, did not have any
surrogate SNPs in the Hutterites. Other SNPs at the same locus with P < 0.01 in the Hutterites are shown in the last

column. SNPs replicated at P < 0.05 are shown in bold font.

Other SNPs at

Reported | Reported Tested HapMap|FEV,/FVC|[ FEV, Locus with P <
Locus r? P P 0.01
1 17,051,981 rs2284746  MFAP2 FEVJ/FVC  rs7545518 17,374,742 0.574 8.25E-01  9.74E-01 6.60E-01
rs1018040
1 215,248,463 rs993925  TGFB2 FEVJ/FVC  rs642836 219,023,654 0.203 554E-01  4.65E-01 178E-01 (G500 0 ryc)
2 218,508,660 rs2571445  TNSL FEV 1s3796028 218,695,102 0.530 72201  1.13E-01 9.09E-02
7 229,336,434 rs1435867  PID1 FEV/FVC  rs3732192 229,592,304 1 518E02  1.33E-01 5.11E-01
229,328,008 rs10498230 PID1 FEVJ/FVC  rs10498230 229,328,008 1 551E-01  5.01E-01 6.96E-01
rs10186131
2 239,613,402 rs12477314 HDAC4 FEVJ/FVC  rs12712295 239,914,718 0.281 30402 459E-01 720601 2L L)
rs2116703
3 25495586 rs1529672 RARB FEVJ/FVC  rsl153582 25,543,275 0.928 L37E-02  766E-01 331E-01 (355005 reyy
rs6444855
3 170,782,921 rs1344555 MECOM FEV, rs10513678 169,312,833 0.504 5.77E-03  55TE-0L 3.76E-02 (358t 04 FyC)
4 90,226,510 rs2869967  FAM13A FEVJ/FVC  rs6849143 89,928,480 0.743 491E-01  6.75E-01 7.72E-01
90,134,259 rs6830970  FAM13A FEV/FVC  rs6852028 89,926,193 0.468 587E-01  8.17E-01 6.36E-01
FLJ20184-INTS12-
4 107,046,508 rs10516526 HJ2018%INT FEV, rs11726124 106,766,496 1 6.52E01  1.23E-02 7.62E-02
FLJ20184-INTS12-
107,165,711 rs17331332 L2018 INT FEV, rs7693333 107,047,594 0.004 7.30E-01  3.85E-02 2.85E-01
FLJ20184-INTS12-
107,154,433 1S17036341 S eotonmNT FEV rs10021819 106,895,614 0.118 105E-01  9.86E-02 5.15E-01
106,976,744 rs11727189 FLJ20184-INTS12- FEV; rs11097903 106,866,077 0.004 579E01  1.56E-01 1.53E-02




GSTCD-NPNT

FLJ20184-INTS12-
106,951,178 rs17036090 sgTCD-NPNT FEV: rs10470990 106,821,578 0.159 7.16E-01 3.81E-01 7.08E-02

106,920,983 1517036052 Haton INTS1Z FEY, rs17036076 106,575,269 0.702 243E-01  167E-02 1.96E-01

FLJ20184-INTS12-
106,889,450 rs17035960 ~oTCD-NPNT FEV: rs17036090 106,593,574 1 2.43E-01 1.60E-02 1.89E-01

FLJ20184-INTS12-
107,087,537 rs11097901 SSTCD-NPNT FEV: rs11728716 106,755,996 1 6.12E-01 6.00E-02 2.49E-01

FLJ20184-INTS12-

107,113,600 1511728716 HJ20SBEINT FEV, rs11726124 106,766,496 1 6.52E-01  1.23E-02 7.62E-02
145,793,929 rs12504628 HHIP EE&/FVC' rs13147758  145460,230 0.965 246E-02  7.28E-01 5.27E-01
145,843,343 rs1980057  HHIP FEV/FVC  rs1980057 145,843,343 1 2.46E-02  7.28E-01 5.27E-01
145,792,189 rs1032295 HHIP FEVJFVC  rsl3147758 145,460,230 0.743 2.46E-02  7.28E-01 5.27E-01
95,062,456 rs153916  SPATA9 FEV/FVC  rs153916 95,062,456 1 250E-01  6.47E-01 3.19E-01
147,822,546 rs11168048 HTR4 FEVJFVC  rs7735184 147,822,546 0.930 520E-01  2.55E-01 3.36E-01 g%sfé%? FEV)
147,824,585 rs7735184  HTR4 FEVJFVC  rs7735184 147,824,585 1 520E01  255E-01 3.36E-01
147,826,008 rs3995090  HTR4 FEV, rs3995090 147,826,008 1 9.3E-01 1.38E-01 2.50E-01
147,826,900 rs6889822  HTR4 FEV, rs6889822 147,826,900 1 436E-01  3.3E0L 4.33E-0L
156,864,954 152277027  ADAMIO FEVJFVC  rs1422795 156,936,364 1 7.83E-01  4.06E-01 2.02E-01 893713%%3 e
156,868,942 rs1422795 ADAM19 FEVJFVC  rs1422795 156,868,942 1 7.83E01  4.06E-01 2.02E-01
28,430,275 rs6903823  ZKSCAN3/ZNF323 FEV, rs6922111 28,325,308 0.945 7.46E-01  4.97E-01 2.98E-01
31,676,448 rs2857595  NCR3 FEVJFVC  rs2857595 31,676,448 1 6.17E01  9.31E-01 7.84E-01
32,259,421 rs2070600 o2t OER- FEVJ/FVC  rs206015 32,182,759 0.649 8.48E-01  2.31E-01 1.87E-01
32,232,402 rs10047233 L DTZAGER- FEVJ/FVC  rsl0947233 32,232,402 1 242E01  145E-01 8.64E-03
109,374,743 rs2798641  ARMC2 FEVJFVC  rs2798641 100,374,743 220E-03  837E-01 2.15E-01 Egg%oé%%?,:vc)
142,792,209 rs3817928 GPR126 FEVJFVC  rs6906468 142,769,386 1 150E-01  6.80E-01 8.07E-01
142,818,757 rs7776375 GPR126 FEVJFVC  rs595184 143,012,314 0.147 447E-01  7.77E-01 8.55E-01
142,748,826 rs6937121  GPR126 FEVJFVC  rs6937121 142,748,826 1 160E-01  6.47E-01 2.88E-01

10




10

10

12
12

15

16

16

21

142,733,242 rs11155242

95,310,563

95,335,864

12,317,998

77,985,230

55,813,550

94,773,896

69,432,174

56,632,783

73,947,817

34,574,109

rs16909898

rs10512249

rs7068966

rs11001819

rs11172113

rs1036429

rs12899618

rs12447804*

rs2865531

rs9978142

GPR126
PTCH1
PTCH1

CDC123

C10o0rf11

LRP1

CCDC38

THSD4

MMP15

CFDP1

KCNE2

FEV./FVC
FEV./FVC

FEV./FVC

FEVi1/FVC,
FEV,

FEV:

FEV./FVC
FEV./FVC

FEV./FVC

FEV./FVC

FEV./FVC

FEV./FVC

rs6906468
rs10512249

rs10512249

rs7068966

rs2256413

rs1466535

rs4762637

rs12102112

r$12444589

rs10470171

142,769,386
98,256,309

95,335,864

12,317,998

78,315,334

57,534,470

96,282,655

71,655,735

75,454,404

35,652,644

0.755

0.721

0.691

0.857

1.59E-01
3.00E-01

3.00E-01

5.98E-01

4.67E-04

5.31E-01
4.79E-01

3.54E-04

1.96E-01

5.26E-01

6.80E-01
4.54E-01

4.54E-01

8.57E-01

3.62E-01

5.70E-02
9.81E-01

8.39E-01

7.80E-02

8.64E-01

8.07E-01
3.29E-01

3.29E-01

7.36E-01

5.40E-01

5.26E-02
3.41E-01

1.37E-01

3.13E-01

9.41E-01

rs2637266
(2.00E-06, FEV/FVC)

rs12441227
(3.38E-09, FEV4/FVC;
2.99E-04, FEV3)

rs10871308
(5.07E-03, FEV3)

rs2834455
(8.53E-03, FEV4/FVC)

*HapMap linkage disequilibrium data is not available for rs12447804, and therefore, no surrogate marker has been selected for rs12447804.
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Table E6. 80 SNPs that best predicted FEV1/FVC in the Hutterites, sorted by the
chromosome location. Pgwas is the P-value from the FEV1/FVC GWAS in the Hutterites;

Beta (SE) is that of the predictive SNP in the regression model for the 865 Hutterites;

and PgraiL is the region’s P-value given by GRAIL.

NCBI36

Position P Beta (SE) Implicated Gene
rs6694986 1p13.3 107631201 4.0E-04 0.090 (0.049) 0.340 NTNG1
rs17509160  1p13.3 107656536 6.7E-05 0.074 (0.077) 0.340 NTNG1
rs1277216 1p13.3 109160754 4.7E-04 0.105 (0.048) 0.961 STXBP3
rs6689641 1p13.3 110521923 7.1E-04 0.090 (0.051) 0.756 SLC6A17
rs6662186 1923.3 163531357 1.2E-04 0.092 (0.077) 0.250 LMX1A
11887626  2p16.3 47709832 1.4E-04 0.137 (0.062) 0.737 MSH2
rs702891 2pl4 65611954 4.6E-04 -0.015 (0.049) 0.242 SPRED2
rs6733029 2p14 68287661 3.7E-04 0.057 (0.046) 0.516 PNO1
rs2707549 2q14.3 124120027 2.3E-04 0.040 (0.047) N/A
rs6720935 2021.2 132882030 6.9E-04 0.067 (0.050) 0.758 L0C339742
rs16823807  2q23.3 153146906 9.2E-05 0.044 (0.088) 0.489 FMNL2
rs4342060 30223 138698510 7.6E-04 0.050 (0.059) 0.363 50x14
rs3851374 3026.2 170184342 7.0E-04 -0.102 (0.048) 0.089 EVi1
rs11922608  3q27.3 188719180 5.4E-04 0.090 (0.069) 0.482 SST
rs10517456  4pla 37631127 9.0E-04 0.046 (0.051) 0.971 PTTG2
rs1984960 4p14 37644419 3.0E-04 0.175 (0.080) 0.971 PTTG2
rs12512633  4q28.1 124506365 5.2E-04 -0.115 (0.052) 0.149 SPRY1
rs6858195 4g31.21 144909047 3.1E-04 0.076 (0.046) 0.978 GYPE
rs10045757  5pl4.2 23306226 1.0E-03 0.094 (0.059) 0.423 L0C391771
rs12659895  5pld.1 27801997 6.4E-04 -0.022 (0.057) N/A
rs245610 534 162032345 8.9E-04 -0.134 (0.083) N/A
rs9460984 6p22.2 24355227 5.6E-05 0.144 (0.059) 0.412 DCDC2
rs9368881 6p21.31 35742266 3.5E-04 -0.061 (0.047) 0.641 Céorf81
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Figure E1. Measures of lung function in the Hutterites. Distributions of standardized
values of (a) FEV3, (b) FVC and (c) FEV1/FVC by age and sex (blue, male; orange,
female). Correlations between measures of lung function: (d) FEV; and FVC, (e) FEV;

and FEV,/FVC and (f) FVC and FEV1/FVC. The linear regression line is shown in red.
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Figure E2. Regional association plots for the three most significant associations in the
GWAS of FEV1/FVC in the Hutterites: THSD4-UACA-TLE3 locus on chromosome 15,
CCL23-CCL18 locus on chromosome 1712, and C10orf11 locus on chromosome
10922.3 in the full sample (a-c, respectively) and in sub-analyses excluding asthmatics
(d-f, respectively), THSD4-UACA-TLE3 locus on chromosome 15, CCL23-CCL18 locus
on chromosome 1712, and C10orf1l locus on chromosome 10g22.3 in sub-analysis
excluding asthmatics (d-f). In each plot the most significantly associated SNP is shown
as a large blue diamond. The colors of the other SNPs reflect the linkage disequilibrium

with that SNP based on r? values in the Hutterites (red, r* > 0.8; orange, 0.5 < r* < 0.8;

yellow, 0.2 < r? < 0.5; white, r* < 0.2).
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