
Supplementary Figure 1 - Distribution of RNA-seq gene counts for each LD risk-region 

 Each page shows the distribution of RNA-seq gene counts on a log2 scale for all genes in 

each of the risk-regions [the log2(raw gene count + 1) is plotted to account for samples having 0 

reads].  All of the genes are presented in chromosomal order.  Genes included in our eQTL 

analysis are colored in red (median raw gene count ≥ 14) while those genes excluded due to low 

expression are colored in gray. The rs number in the title is the reported risk-SNP from prior 

GWAS studies in the region examined. 
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Region35A, chr6.31018511.31218511
rs130067

Total Genes: 130
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Region35B, chr6.31018511.31218511
rs130067
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22 Risk SNPs 
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Region54, chr9.110056300.110256300
rs817826
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Region59, chr10.122744709.123132519
rs2252004,rs11199874

Total Genes: 9
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rs4962416
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lo
g2

(R
aw

 C
ou

nt
s+

1)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

M
U

C
2

M
U

C
5B

TO
LL

IP

LO
C

25
55

12

B
R

S
K

2

M
O

B
2

D
U

S
P

8

LO
C

33
86

51

K
R

TA
P

5−
1

K
R

TA
P

5−
2

K
R

TA
P

5−
3

K
R

TA
P

5−
4

K
R

TA
P

5−
5

FA
M

99
A

FA
M

99
B

K
R

TA
P

5−
6

IF
IT

M
10

C
T

S
D

S
Y

T
8

T
N

N
I2

LS
P

1

M
IR

42
98

T
N

N
T

3

M
R

P
L2

3

M
R

P
L2

3−
A

S
1

H
19

M
IR

67
5

IN
S

−
IG

F
2

IG
F

2

M
IR

48
3

IG
F

2−
A

S
1

IN
S

T
H

M
IR

46
86

A
S

C
L2

C
11

or
f2

1

T
S

PA
N

32

C
D

81

T
S

S
C

4

T
R

P
M

5

K
C

N
Q

1

K
C

N
Q

1O
T

1

K
C

N
Q

1D
N

C
D

K
N

1C

S
LC

22
A

18
A

S

S
LC

22
A

18

P
H

LD
A

2

N
A

P
1L

4

S
N

O
R

A
54

C
A

R
S

O
S

B
P

L5

M
R

G
P

R
G

C
11

or
f3

6

M
R

G
P

R
E



Region62, chr11.58815110.59015110
rs1938781
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Total Genes: 25
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Region64, chr11.102301661.102501661
rs11568818
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Region65, chr11.113707181.113907181
rs11214775

Total Genes: 20
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Region66, chr12.48138757.48519618
rs80130819,rs731236

Total Genes: 49
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Region67, chr12.49576010.49776010
rs10875943
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lo
g2

(R
aw

 C
ou

nt
s+

1)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

S
Y

T
1

M
IR

12
52

PA
W

R

P
P

P
1R

12
A

O
TO

G
L

P
T

P
R

Q

M
Y

F
6

M
Y

F
5



Region70, chr12.114585571.114785571
rs1270884

Total Genes: 15

lo
g2

(R
aw

 C
ou

nt
s+

1)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

R
A

S
A

L1

C
C

D
C

42
B

D
D

X
54

C
12

or
f5

2

IQ
C

D

T
P

C
N

1

S
LC

24
A

6

P
LB

D
2

S
D

S

S
D

S
L

LH
X

5

R
B

M
19

T
B

X
5

LO
C

25
54

80

T
B

X
3



Region71, chr13.73628139.73828139
rs9600079

Total Genes: 6

lo
g2

(R
aw

 C
ou

nt
s+

1)

5

6

7

8

9

10

11

12

13

14

15
M

Z
T

1

B
O

R
A

D
IS

3

P
IB

F
1

K
LF

5

K
LF

12



Region72, chr13.103828007.104028007
rs1529276
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Total Genes: 14

lo
g2

(R
aw

 C
ou

nt
s+

1)

4

5

6

7

8

9

10

11

12

13

14

15

G
N

G
2

C
14

or
f1

66

N
ID

2

P
T

G
D

R

P
T

G
E

R
2

T
X

N
D

C
16

G
P

R
13

7C

E
R

O
1L

P
S

M
C

6

S
T

Y
X

G
N

P
N

AT
1

F
E

R
M

T
2

D
D

H
D

1

B
M

P
4



Region74, chr14.61022526.61222526
rs7153648

Total Genes: 21

lo
g2

(R
aw

 C
ou

nt
s+

1)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

G
P

R
13

5

C
14

or
f1

49

JK
A

M
P

C
14

or
f3

8

R
T

N
1

C
14

or
f1

35

D
H

R
S

7

P
P

M
1A

C
14

or
f3

9

S
IX

6

S
IX

1

S
IX

4

M
N

AT
1

T
R

M
T

5

S
LC

38
A

6

T
M

E
M

30
B

P
R

K
C

H

F
LJ

22
44

7

H
IF

1A

H
IF

1A
−

A
S

2

S
N

A
P

C
1



Region75, chr14.69026744.69226744
rs7141529
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Total Genes: 32

lo
g2

(R
aw

 C
ou

nt
s+

1)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

F
U

K

C
O

G
4

S
F

3B
3

S
N

O
R

D
11

1B

S
N

O
R

D
11

1

IL
34

M
T

S
S

1L

V
A

C
14

LO
C

10
01

30
89

4

H
Y

D
IN

F
T

S
JD

1

C
A

LB
2

Z
N

F
23

Z
N

F
19

C
H

S
T

4

TA
T

M
A

R
V

E
LD

3

P
H

LP
P

2

S
N

O
R

A
70

D

A
P

1G
1

S
N

O
R

D
71

AT
X

N
1L

Z
N

F
82

1

IS
T

1

P
K

D
1L

3

D
H

O
D

H

H
P

H
P

R

T
X

N
L4

B

D
H

X
38

P
M

F
B

P
1

Z
F

H
X

3



Region79, chr17.518965.718965
rs684232

Total Genes: 34
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rs11649743,rs4430796,rs7501939
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lo
g2

(R
aw

 C
ou

nt
s+

1)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

LH
X

1

A
AT

F

M
IR

29
09

A
C

A
C

A

C
17

or
f7

8

TA
D

A
2A

D
U

S
P

14

S
Y

N
R

G

D
D

X
52

H
N

F
1B

LO
C

28
41

00

T
B

C
1D

3

T
B

C
1D

3F

LO
C

44
04

34

M
R

P
L4

5

G
P

R
17

9

S
O

C
S

7

A
R

H
G

A
P

23

S
R

C
IN

1

C
17

or
f9

6

M
IR

47
34

M
LL

T
6

M
IR

47
26

C
IS

D
3

P
C

G
F

2

P
S

M
B

3

P
IP

4K
2B

C
W

C
25

M
IR

47
27

C
17

or
f9

8

R
P

L2
3

S
N

O
R

A
21

LA
S

P
1

LO
C

10
05

05
57

6

F
B

X
O

47

F
LJ

43
82

6



Region81, chr17.47245186.47536749
rs11650494

Total Genes: 61
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Region82, chr17.69008753.69208753
rs1859962

Total Genes: 4
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Region83, chr18.76673973.76873973
rs7241993

Total Genes: 10
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rs8102476
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Region85, chr19.41885587.42085624
rs11672691,rs887391

Total Genes: 70
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rs5759167,rs742134

Total Genes: 37
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Region95, chr23.9714135.9914135
rs2405942

Total Genes: 10
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Region96, chr23.51110057.51341672
rs1327301,rs5945572,rs5945619

Total Genes: 21
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Region97, chr23.52796949.52996949
rs2807031

Total Genes: 31
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Region98, chr23.66921550.67121550
rs5919432

Total Genes: 6
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Region99, chr23.70039850.70239850
rs6625711

Total Genes: 37
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Region100, chr23.70307983.70507983
rs4844289

Total Genes: 40
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Supplementary Figure 2 - Regional association plots for each of the genes placed in Group 

1  

Regional association plots display eQTL results for the target gene listed in the title and 

all SNPs in the target gene region. All PC risk-SNPs in the region are listed in the second line of 

the title.  The x-axis shows the chromosomal position of the SNPs (with expressed genes in the 

region displayed below) and the y-axis is the –log10(p-value) obtained by regressing normalized 

expression levels for the target gene on the number of minor alleles of each SNP genotype 

adjusted for histologic characteristics and 14 expression principal components. The PC risk-SNP 

position is indicated by a dotted red vertical line with the eQTL result displayed as a diamond. 

Colored points show all Bonferroni significant results with the color defined by LD between the 

SNP and the PC risk-SNP (LD r2>0.5 red, between 0.2 – 0.5 green, and ≤0.2 blue). If the region 

contains multiple PC risk-SNPs, the points are colored based on LD with the PC risk-SNP that is 

in highest LD with the eQTL peak associated SNP.  The eQTL result for this PC risk-SNP is 

displayed as diamond, the data points for all of the other PC risk-SNPs are displayed as an open 

circle.  

The table below the LD plot shows results for the peak-SNP (Result Type = Peak) and 

the most upstream and downstream SNPs (Result Type = Flanking) surpassing the Bonferroni 

significance threshold (P < 1.96E-07 for primary analysis and P < 3.02E-08 for second stage) as 

well as the top result for each PC risk SNP (Result Type = PC Risk) and, if a SNP in LD (r2 > 

0.5) with the PC risk SNP has a stronger association than the PC risk SNP (i.e., lower p-value), 

then the LD SNP with the strongest association is also presented (Result Type = MaxLD). 

Finally, if all of these SNPs have a single direction of effect, e.g., all have positive beta 

coefficients thus increasing gene expression, and if any Bonferroni significant results were 



observed in the opposite direction, then the strongest result among the opposite direction SNPs is 

also presented (Result Type = ReverseBeta).  

 













































































Supplementary Figure 3 - Regional association plots for each of the genes placed in Group 

2 

Regional association plots display eQTL results for the target gene listed in the title and 

all SNPs in the target gene region. All PC risk-SNPs in the region are listed in the second line of 

the title.  The x-axis shows the chromosomal position of the SNPs (with expressed genes in the 

region displayed below) and the y-axis is the –log10(p-value) obtained by regressing normalized 

expression levels for the target gene on the number of minor alleles of each SNP genotype 

adjusted for histologic characteristics and 14 expression principal components. The PC risk-SNP 

position is indicated by a dotted red vertical line with the eQTL result displayed as a diamond. 

Colored points show all Bonferroni significant results with the color defined by LD between the 

SNP and the PC risk-SNP (LD r2>0.5 red, between 0.2 – 0.5 green, and ≤0.2 blue). If the region 

contains multiple PC risk-SNPs, the points are colored based on LD with the PC risk-SNP that is 

in highest LD with the eQTL peak associated SNP.  The eQTL result for this PC risk-SNP is 

displayed as diamond, the data points for all of the other PC risk-SNPs are displayed as an open 

circle.  

The table below the LD plot shows results for the peak-SNP (Result Type = Peak) and 

the most upstream and downstream SNPs (Result Type = Flanking) surpassing the Bonferroni 

significance threshold (P < 1.96E-07 for primary analysis and P < 3.02E-08 for second stage) as 

well as the top result for each PC risk SNP (Result Type = PC Risk) and, if a SNP in LD (r2 > 

0.5) with the PC risk SNP has a stronger association than the PC risk SNP (i.e., lower p-value), 

then the LD SNP with the strongest association is also presented (Result Type = MaxLD). 

Finally, if all of these SNPs have a single direction of effect, e.g., all have positive beta 

coefficients thus increasing gene expression, and if any Bonferroni significant results were 



observed in the opposite direction, then the strongest result among the opposite direction SNPs is 

also presented (Result Type = ReverseBeta).  

 





































Supplementary Figure 4 - Regional association plots for each of the genes placed in Group 

3 

Regional association plots display eQTL results for the target gene listed in the title and 

all SNPs in the target gene region. All PC risk-SNPs in the region are listed in the second line of 

the title.  The x-axis shows the chromosomal position of the SNPs (with expressed genes in the 

region displayed below) and the y-axis is the –log10(p-value) obtained by regressing normalized 

expression levels for the target gene on the number of minor alleles of each SNP genotype 

adjusted for histologic characteristics and 14 expression principal components. The PC risk-SNP 

position is indicated by a dotted red vertical line with the eQTL result displayed as a diamond. 

Colored points show all Bonferroni significant results with the color defined by LD between the 

SNP and the PC risk-SNP (LD r2>0.5 red, between 0.2 – 0.5 green, and ≤0.2 blue). If the region 

contains multiple PC risk-SNPs, the points are colored based on LD with the PC risk-SNP that is 

in highest LD with the eQTL peak associated SNP.  The eQTL result for this PC risk-SNP is 

displayed as diamond, the data points for all of the other PC risk-SNPs are displayed as an open 

circle.  

The table below the LD plot shows results for the peak-SNP (Result Type = Peak) and 

the most upstream and downstream SNPs (Result Type = Flanking) surpassing the Bonferroni 

significance threshold (P < 1.96E-07 for primary analysis and P < 3.02E-08 for second stage) as 

well as the top result for each PC risk SNP (Result Type = PC Risk) and, if a SNP in LD (r2 > 

0.5) with the PC risk SNP has a stronger association than the PC risk SNP (i.e., lower p-value), 

then the LD SNP with the strongest association is also presented (Result Type = MaxLD). 

Finally, if all of these SNPs have a single direction of effect, e.g., all have positive beta 

coefficients thus increasing gene expression, and if any Bonferroni significant results were 



observed in the opposite direction, then the strongest result among the opposite direction SNPs is 

also presented (Result Type = ReverseBeta).  

 







































































Supplementary Figure 5 - Distributions of the minimal size of eQTL peak  

For each of the 88 significant target genes, the minimal size of the eQTL peak was 

determined by taking the distance between the endpoints of the highest cluster of significant 

SNPs.  The distribution is plotted with Kb of the peak on the y-axis and sorted by size.  The inset 

plot displays all regions with size < 50Kb. 
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Supplementary Figure 6 - Mapping of candidate regulatory domains and candidate 
causative SNPS responsible for CTBP2 gene dysregulation 

Panel A shows the regional association plot for CTBP2 over a 400Kb region. The peak 

eQTL region explored further (results shown in panels A and C) is approximately 15 kb and is 

outlined by a red box.  The characteristics of the plot are described in figure 1. 

 Panel B shows the UCSC genome browser for the 15Kb peak eQTL region (as outlined 

in panel B), providing a number of tracks used to map elements important for gene regulatory 

domains as described in Hazelett et. al.1 The 24 peak eQTL SNPs are shown in the first track as 

reference points (see table for identification).     

 







Supplementary Figure 7 - Mapping of candidate regulatory domains and candidate 
causative SNPS responsible for ASCL2A gene dysregulation 

Panel A shows the regional association plot for ASCL2 over a 180Kb region. The peak 

eQTL region explored further (panels A and C) is approximately 35 kb and is outlined by a red 

box.  The characteristics of the plot are described in figure 1. 

 Panel B shows the UCSC genome browser for the 35Kb peak eQTL region (as outlined 

in panel B), providing a number of tracks used to map elements important for gene regulatory 

domains as described in Hazelett et. al.1 The 54 peak eQTL SNPs are shown in the first track as 

reference points (see table for identification).    

 







Supplementary Figure 8 - Summary of published eQTL studies used for comparison 

Venn diagram depicting the overlap of the positive associations found in each study. The 

most common genes (found in 3 or more studies) are listed.   
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