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Supplementary Tables

Table 1: Individuals failing quality control thresholds. WTCCC2 indicates sample failed QC criteria for the
Wellcome Trust Case-Control Consortium 2 study.

Sample Criteria Totala

Heterozygosity Call rate Gender Non-European Relatedness WTCCC2

PBC cases 28 15 5 37 21 N/A 81

NBS controls 42 54 12 13 51 236 249

58C controls 68 84 5 44 23 255 231
a Some individuals failed quality control for multiple reasons.

Table 2: SNPs failing quality control thresholds. HWE indicates Hardy-Weinberg Equilibrium test; MAF
indicates minor allele frequency; NMCAR indicates not missing completely at random. WTCCC2 indicates
sample failed QC criteria for the Wellcome Trust Case-Control Consortium 2 study.

Sample Criteria Totala

Call rate HWE Low MAF NMCAR WTCCC2

PBC cases 9,022 10,164 67,387 5,217 N/A 79,941

NBS controls 16,958 15,167 195,422 11,545 214,848 237,455

58C controls 15,317 14,721 196,294 12,209 215,732 239,454
a Some SNPs failed quality control for multiple reasons.
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Table 3: Significance and odds ratio estimates for all SNPs taken forward for replication.

SNP CHR Position (bp) P-value OR 95% C.I.

rs11586136 1 101008725 8.35× 10−6 1.27 (1.14-1.41)

rs1539414 1 196010129 2.32× 10−9 1.31 (1.20-1.43)

rs12134279 1 196047821 1.07× 10−9 1.32 (1.21-1.44)

rs4952108 2 30283239 1.16× 10−7 1.32 (1.19-1.46)

rs3738863 2 30311065 1.82× 10−6 1.23 (1.13-1.35)

rs11692152 2 153429754 2.12× 10−6 1.29 (1.16-1.44)

rs16831902 2 153441617 3.21× 10−6 1.29 (1.16-1.43)

rs2286896 2 191243821 1.09× 10−11 1.44 (1.29-1.59)

rs10931468 2 191246807 2.55× 10−12 1.46 (1.31-1.62)

rs322684 3 25352227 8.71× 10−6 1.22 (1.12-1.32)

rs1483831 3 25358670 8.34× 10−6 1.22 (1.12-1.33)

rs12494314 3 120605510 2.08× 10−10 1.40 (1.26-1.56)

rs2293370 3 120702624 7.70× 10−11 1.41 (1.27-1.56)

rs7665090 4 103770651 5.33× 10−7 1.21 (1.13-1.31)

rs2866413 4 103776125 5.40× 10−7 1.21 (1.13-1.31)

rs6897932 5 35910332 3.16× 10−10 1.33 (1.22-1.45)

rs860413 5 35978799 3.09× 10−10 1.33 (1.22-1.45)

rs26232 5 102624619 5.87× 10−6 1.21 (1.11-1.31)

rs674726 5 102705263 8.15× 10−6 1.20 (1.11-1.31)

rs6974491 7 37341035 3.39× 10−6 1.25 (1.14-1.38)

rs7045605 9 8252469 1.28× 10−6 1.25 (1.14-1.37)

rs192705 9 85781524 3.25× 10−6 1.20 (1.11-1.30)

rs4743150 9 99779945 9.23× 10−6 1.23 (1.12-1.35)

rs874610 9 99822516 9.34× 10−6 1.23 (1.12-1.35)

rs4938573 11 118247052 5.02× 10−10 1.39 (1.25-1.54)

rs6421571 11 118248982 3.53× 10−10 1.40 (1.26-1.55)

rs1800693 12 6310270 5.51× 10−8 1.23 (1.14-1.33)

rs4149581 12 6317246 8.27× 10−7 1.21 (1.12-1.31)

rs3213989 12 41150068 6.64× 10−8 1.24 (1.14-1.34)

rs4768412 12 41155407 3.70× 10−8 1.24 (1.15-1.34)

rs11066188 12 111095097 3.19× 10−6 1.20 (1.11-1.29)

rs9594738 13 41850145 6.86× 10−6 1.19 (1.10-1.28)

rs9533108 13 41922710 2.97× 10−6 1.20 (1.11-1.29)

rs2208397 14 67823040 5.71× 10−9 1.30 (1.19-1.42)

rs911263 14 67823346 1.68× 10−9 1.31 (1.20-1.43)

rs8017161 14 102632948 4.71× 10−6 1.20 (1.11-1.29)

rs725613 16 11077184 3.13× 10−10 1.30 (1.20-1.41)

rs12924729 16 11095284 7.68× 10−11 1.32 (1.21-1.44)

rs11117432 16 84576772 2.00× 10−6 1.26 (1.15-1.39)

rs8070723 17 41436901 5.96× 10−6 1.24 (1.13-1.35)

rs618671 18 352199 7.04× 10−6 1.19 (1.10-1.28)

rs963168 20 1586578 1.05× 10−6 1.27 (1.15-1.39)

rs6043722 20 1609245 2.39× 10−6 1.38 (1.20-1.57)

rs2831525 21 28427528 8.31× 10−6 1.19 (1.10-1.28)

rs968451 22 38000797 4.31× 10−7 1.27 (1.16-1.39)

rs1003643 22 38006440 5.83× 10−7 1.24 (1.14-1.35)
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Table 4: Comparison of most significant genotyped and imputed SNPs for each region reaching genome-wide
significance in the combined analysis.

CHR Region (Mb) Genotyped data Imputed data

SNP Position (bp) P-value SNP Position (bp) P-value

1 2.39 - 2.78 rs10752747 2514775 2.65× 10−3 rs2843404 2520418 2.45× 10−3

1 67.53 – 67.71 rs17129789 67563186 9.48× 10−20 rs11209050 67564324 9.60× 10−19

1 195.58 - 196.21 rs12134279 196047821 1.07× 10−9 rs16841904 195968615 2.07× 10−9

2 190.77 - 191.61 rs10931468 191246807 2.55× 10−12 rs3771317 191252207 1.61× 10−12

3 16.82 - 17.13 rs1372072 16930263 1.38× 10−4 rs11928330 16933371 4.07× 10−5

3 120.58 - 120.79 rs2293370 120702624 7.70× 10−11 rs3732421 120632779 2.37× 10−10

3 160.96 - 161.3 rs485499 161228557 2.23× 10−16 rs564799 161211681 8.19× 10−16

4 103.61 - 104.24 rs7665090 103770651 5.33× 10−7 rs1054037 103771757 4.91× 10−7

5 35.74 - 36.08 rs860413 35978799 3.09× 10−10 rs7717955 35898598 3.23× 10−10

6 26.21 - 33.74 rs7774434 32765556 3.86× 10−34 rs3128966 33163924 3.02× 10−30

7 37.32 - 37.41 rs6974491 37341035 3.39× 10−6 rs1962401 37343697 1.62× 10−6

7 128.33 - 128.57 rs12531711 128404702 8.90× 10−17 rs12539476 128444719 1.47× 10−16

11 63.60 - 64.04 rs538147 63886298 1.01× 10−5 rs510372 63871713 1.11× 10−6

11 117.82 - 118.30 rs6421571 118248982 3.53× 10−10 rs10892294 118172567 5.61× 10−10

12 6.29 - 6.33 rs1800693 6310270 5.51× 10−8 rs11064145 6325359 2.37× 10−6

14 67.34 - 67.98 rs911263 67823346 1.68× 10−9 rs3784099 67819680 2.37× 10−9

14 102.54 - 102.68 rs8017161 102632948 4.71× 10−6 rs2297067 102636538 3.74× 10−12

16 84.55 - 84.58 rs11117432 84576772 1.20× 10−6 rs1568387 84582380 1.98× 10−4

16 10.92 - 11.22 rs12924729 11095284 7.68× 10−11 rs12935413 11117948 1.85× 10−10

17 34.61 - 35.49 rs7208487 34796975 7.89× 10−7 rs2879258 34652905 2.79× 10−7

19 55.52 - 55.73 rs3745516 55618554 1.63× 10−13 rs1726773 55619382 2.73× 10−7

22 37.87 - 38.19 rs968451 38000797 4.31× 10−7 rs1003644 38006690 3.20× 10−7
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Table 5: Results for analysis of interaction between the most significant SNP for each genome-wide significant
locus and HLA region. P-values are the reported significance for each respective regression coefficient as estimated
by PLINK for the full logistic regression model incorporating the SNP in question (SNP ), HLA score (HLA)
and interaction between the two (SNP ×HLA).

SNP CHR Position (bb) PSNP PHLA PSNP×HLA

rs10752747 1 2514775 2.6× 10−3 8.06× 10−50 0.43

rs17129789 1 67563186 8.95× 10−18 3.06× 10−69 0.41

rs12134279 1 196047821 4.74× 10−9 3.45× 10−76 0.04

rs10931468 2 191246807 9.10× 10−10 6.01× 10−76 0.24

rs1372072 3 16930263 2.29× 10−5 1.44× 10−55 0.25

rs2293370 3 120702624 1.94× 10−9 7.87× 10−77 0.56

rs485499 3 161228557 8.13× 10−18 2.74× 10−44 0.38

rs7665090 4 103770651 2.80× 10−7 1.89× 10−44 0.53

rs860413 5 35978799 7.76× 10−10 1.15× 10−62 0.67

rs6974491 7 37341035 1.1× 10−5 1.15× 10−79 0.26

rs12531711 7 128404702 1.46× 10−15 3.18× 10−81 0.34

rs538147 11 63886298 1.19× 10−5 8.83× 10−51 0.74

rs6421571 11 118248982 1.72× 10−9 4.04× 10−78 0.82

rs1800693 12 6310270 1.69× 10−7 7.42× 10−51 0.15

rs911263 14 67823346 2.93× 10−8 7.52× 10−68 0.57

rs8017161 14 102632948 8.68× 10−6 1.79× 10−47 0.53

rs11117432 16 84576772 2.439× 10−6 1.28× 10−73 0.59

rs12924729 16 11095284 3.78× 10−9 2.38× 10−64 0.24

rs7208487 17 34796975 1.55× 10−5 7.30× 10−85 0.47

rs3745516 19 55618554 1.18× 10−12 2.06× 10−67 0.42

rs968451 22 38000797 2.17× 10−5 1.39× 10−65 0.37

Table 6: Results of conditional analysis for the SCHIP1-IL12A locus at 3q25. The most significant SNP at this
locus is rs485499; analyses of SNPs in this region were performed including this SNP as covariate in a logistic
regression model. For each SNP reaching genome-wide significance in the conditional analysis, the significance of
the regression coefficient for each SNP is shown for the models with and without rs485499 included (PGWAS and
PConditional respectively). Linkage disequilibrium between rs485499 and each SNP is shown in the r2 column;
see Supplementary Figure 3 for a graphical representation of the LD between these SNPs.

SNP Position (bp) PGWAS PConditional r2 Type

rs4525910 161129306 2.18× 10−9 2.73× 10−8 0.001 Imputed

rs7610160 161169039 2.61× 10−9 1.73× 10−8 0.006 Genotyped

rs17811014 161170723 6.98× 10−8 1.10× 10−11 0.016 Genotyped

rs13064168 161174900 3.31× 10−7 5.73× 10−10 0.011 Imputed

rs2366408 161178793 3.64× 10−11 1.14× 10−8 0.024 Genotyped

5



T
a
b
le

7
:

O
ve

rl
ap

w
it
h

lo
ci

as
so

ci
at

ed
w

it
h

ot
h
er

au
to

im
m

u
n
e

d
is

ea
se

s
fo

r
al

l
n
ov

el
P

B
C

lo
ci

w
it
h

P
C

o
m

b
in

e
d
≤

5
×

10
−

8
.

A
cr

on
y
m

s
ar

e
as

fo
ll
ow

s:
M

S
,
m

u
lt
ip

le
sc

le
ro

si
s;

C
D

,
C

ro
h
n
’s

d
is

ea
se

;
S
L
E

,
sy

st
em

ic
lu

p
u
s

er
y
th

em
at

os
u
s;

R
A

,
rh

eu
m

at
oi

d
ar

th
ri

ti
s;

C
o
el

ia
c,

C
o
el

ia
c

d
is

ea
se

;
T

1D
,
ty

p
e

1
d
ia

b
et

es
;
U

C
,
u
lc

er
at

iv
e

co
li
ti
s;

P
S
,
p
so

ri
as

is
;
A

S
,
an

k
y
lo

si
n
g

sp
on

d
y
li
ti
s.

C
H

R
P

B
C

O
th

er
A

I
D

is
ea

se
s

R
ef

er
en

ce

S
N

P
R

eg
io

n
S
N

P
R

eg
io

n
G

en
e

D
is

ea
se

P
-v

al
u
e

1
rs

10
75

27
47

23
94

11
6

27
75

53
1

rs
37

48
81

6
23

96
74

7
27

75
53

1
?

C
o
el

ia
c

3.
28
×

10
−

9
[6

]

1
rs

17
12

97
89

67
53

39
53

67
71

37
55

rs
22

01
84

1
67

36
71

47
67

54
05

81
IL

23
R

P
S

3.
00
×

10
−

8
[1

4]

C
D

6.
66
×

10
−

6
3

[4
]

U
C

1.
30
×

10
−

8
[1

5]

rs
11

20
90

32
67

36
71

47
67

54
11

81
IL

23
R

A
S

7.
50
×

10
−

9
[5

]

2
rs

10
93

14
68

19
07

65
68

6
19

16
05

08
2

rs
75

74
86

5
19

15
81

79
8

19
17

15
97

9
S
T
A
T

4
S
L
E

5.
17
×

10
−

4
2

[8
]

3
rs

22
93

37
0

12
05

81
99

3
12

07
88

06
9

rs
11

71
21

65
12

05
87

67
1

12
07

83
34

5
C

D
80

/K
T

E
L
C

1
C

o
el

ia
c

8.
03
×

10
−

9
[6

]

T
M

E
M

39
A

M
S

3.
09
×

10
−

8
[1

0]

3
rs

48
54

99
16

09
55

04
9

16
13

03
44

7
rs

17
81

05
46

16
10

68
99

3
16

12
34

30
5

IL
12

A
C

o
el

ia
c

3.
98
×

10
−

2
8

[6
]

rs
46

80
53

4
16

10
86

90
8

16
12

37
20

1
IL

12
A

M
S

3.
08
×

10
−

8
[1

0]

5
rs

86
04

13
35

74
36

57
36

07
88

01
rs

68
97

93
2

35
83

50
53

36
07

06
23

IL
7R

M
S

1.
21
×

10
−

1
7

[9
]

7
rs

12
53

17
11

12
83

26
96

4
12

85
72

24
4

rs
20

70
19

7
12

83
36

80
4

12
85

64
75

6
IR

F
5

S
L
E

5.
82
×

10
−

2
4

[7
]

R
A

4.
00
×

10
−

9
[1

6]

11
rs

64
21

57
1

11
78

20
05

9
11

82
96

36
0

rs
46

39
96

6
11

78
47

13
1

11
82

70
81

0
M

u
lt
ip

le
ge

n
es

S
L
E

1.
25
×

10
−

1
6

[8
]

12
rs

18
00

69
3

62
86

25
5

63
34

12
3

rs
18

00
69

3
62

86
25

5
63

34
12

3
T

N
F
R

S
F
1A

M
S

1.
59
×

10
−

1
1

[1
1]

16
rs

12
92

47
29

10
92

45
59

11
22

31
40

rs
12

70
87

16
10

92
45

59
11

21
45

25
C

L
E
C

16
A

M
S

1.
60
×

10
−

1
6

[9
]

T
1D

2.
20
×

10
−

1
6

[2
]

C
o
el

ia
c

3.
12
×

10
−

8
[6

]

16
rs

11
11

74
32

84
55

47
82

84
58

43
34

rs
17

44
58

36
84

55
10

81
84

58
16

05
IR

F
8

M
S

3.
73
×

10
−

9
[1

1]

17
rs

72
08

48
7

34
61

05
60

35
49

37
42

rs
28

72
50

7
34

63
62

00
35

49
37

42
O

R
M

D
L
3

C
D

5.
00
×

10
−

9
[4

]

T
1D

5.
50
×

10
−

1
3

[2
]

6



T
a
b
le

8
:

G
R

A
IL

re
su

lt
s

fo
r

al
l
n
ov

el
P

B
C

lo
ci

w
it
h

P
C

o
m

b
in

e
d
≤

5
×

10
−

8
.

G
W

A
S

R
es

ul
ts

G
R

A
IL

R
es

ul
ts

C
H

R
S
N

P
R

eg
io

n
(M

b
)

G
en

e
P

te
x

t
P

u
ta

ti
ve

fu
n
ct

io
n

1
rs

12
13

42
79

19
5.

58
-
19

6.
21

D
E
N

N
D

1B
0.

01
A

ss
o
ci

at
ed

w
it
h

as
th

m
a.

2
rs

10
93

14
68

19
0.

77
-
19

1.
61

S
T
A
T

4
1.

08
×

10
−

5
M

ed
ia

te
s

re
sp

on
se

s
to

IL
12

in
ly

m
p
h
o
cy

te
s;

re
gu

la
te

s
T

-c
el

l
d
iff

er
en

ti
at

io
n
.

3
rs

13
72

07
2

16
.8

2
-

17
.1

3
P
L
C

L
2

0.
05

E
x
p
re

ss
ed

in
sk

el
et

al
m

u
sc

le
.

3
rs

22
93

37
0

12
0.

58
-

12
0.

79
C

D
80

1.
6
×

10
−

3
P

ro
v
id

es
re

gu
la

to
ry

si
gn

al
s

fo
r

T
ly

m
p
h
o
cy

te
s.

4
rs

76
65

09
0

10
3.

61
-

10
4.

24
N

H
E
D

C
2

0.
32

S
o
d
iu

m
h
y
d
ro

ge
n

an
ti
p
or

te
r.

5
rs

86
04

13
35

.7
4

-
36

.0
8

IL
7R

1.
5
×

10
−

3
R

ec
ep

to
r

fo
r

IL
7;

in
vo

lv
ed

in
ac

ti
va

ti
on

of
T

-c
el

ls
an

d
S
C

ID
.

7
rs

69
74

49
1

37
.3

2
-

37
.4

1
E
L
M

O
1

1
P

ro
m

ot
es

p
h
ag

o
cy

to
si

s.

11
rs

53
81

47
63

.6
0

-
64

.0
4

M
A

C
R
O

D
1

0.
41

R
ol

e
in

in
va

si
on

,
m

et
as

ta
si

s
of

ga
st

ri
c

ca
n
ce

r.

11
rs

64
21

57
1

11
7.

82
-
11

8.
30

D
D

X
6

0.
10

R
N

A
h
el

ic
as

e
fo

u
n
d

in
P

-b
o
d
ie

s
an

d
st

re
ss

gr
an

u
le

s.

12
rs

18
00

69
3

6.
29

-
6.

33
T

N
F
R

S
F
1A

8.
8
×

10
−

3
A

ct
iv

at
es

N
F
-k

ap
p
aB

,
m

ed
ia

te
s

ap
op

to
si

s,

re
gu

la
to

r
of

in
fl
am

m
at

io
n
.

14
rs

91
12

63
67

.3
4

-
67

.9
8

R
A

D
51

L
1

0.
24

In
vo

lv
ed

in
D

N
A

re
p
ai

r
an

d
re

co
m

b
in

at
io

n
.

14
rs

80
17

16
1

10
2.

54
-
10

2.
68

T
N

F
A

IP
2

0.
40

E
x
p
re

ss
io

n
in

d
u
ce

d
b
y

tu
m

or
n
ec

ro
si

s
fa

ct
or

al
p
h
a

16
rs

12
92

47
29

10
.9

2
-
11

.2
2

C
II

T
A

4.
5
×

10
−

4
P
os

it
iv

e
re

gu
la

to
r

of
cl

as
s

II
M

H
C

ge
n
es

.

16
rs

11
11

74
32

84
.5

5
-
84

.5
8

IR
F
8

2.
0
×

10
−

3
T
ra

n
sc

ri
p
ti
on

fa
ct

or
of

in
te

rf
er

on
re

gu
la

to
ry

fa
ct

or
s.

22
rs

96
84

51
37

.8
7

-
38

.1
9

S
N

O
R

D
43

0.
76

N
on

co
d
in

g
sm

al
l
n
u
cl

eo
la

r
R

N
A

.

7



Table 9: Results of non-synonymous SNP analysis using 1,000 Genomes data [1] for those SNPs reaching
genome-wide significance in the combined analyses. Proxy SNP indicates the non-synonymous SNP used as a
proxy for the genome-wide significant SNP identified in the GWA analysis, with r2 providing an estimate of the
linkage disequilibrium between the two SNPs.

CHR SNP SNP Position Proxy SNP Distance to hit SNP (bp) r2 Gene

4q24 rs7665090 103770651 rs2866413 5,474 0.97 MANBA

5p13 rs860413 35978799 rs6897932 68,467 0.80 IL7R

19q13 rs3745516 55618554 rs11546996 477 1.0 SPIB

Table 10: Identification of cis-eQTL within all known associated PBC loci that are in LD (r2 > 0.8) with the
most associated SNP at that locus, using data from the Gene Expression Analysis dataset at the University of
Michigan Center for Statistical Genetics (http://www.sph.umich.edu/csg/liang/imputation). Results where
a SNP has p < 1× 10−5 for an effect on gene expression are reported in the table.

Chromosome SNP Gene eQTL p-value

6p21 rs7774434 HLA-DRB4 6.4× 10−12

6p21 rs7774434 HLA-DQA1 1.7× 10−10

6p21 rs7774434 HLA-DRB1 2.1× 10−10

17q12 rs7208487 CRKRS 2.4× 10−7

17q12 rs2879258 CRKRS 3.2× 10−7

17q12 rs11655972 CRKRS 3.8× 10−7

17q12 rs8073907 CRKRS 3.5× 10−7

17q12 rs590051 CRKRS 3.5× 10−7

17q12 rs2302073 CRKRS 2.4× 10−7

17q12 rs9908131 CRKRS 2.4× 10−7

17q12 rs9906612 CRKRS 2.4× 10−7

17q12 rs6503513 CRKRS 2.3× 10−8

17q12 rs9646419 CRKRS 1.2× 10−7

17q12 rs12449852 CRKRS 2.2× 10−7

17q12 rs8069074 CRKRS 1.1× 10−7

17q12 rs7503377 CRKRS 1.9× 10−7

22q13 rs968451 SYNGR1 1.9× 10−9

22q13 rs5757611 SYNGR1 1.1× 10−12

22q13 rs2014842 SYNGR1 4.3× 10−10

22q13 rs2076125 SYNGR1 1.1× 10−12

22q13 rs12627970 SYNGR1 2.8× 10−13
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Supplementary Figures

Figure 1: Quantile-quantile plot of observed versus expected p-values. Blue points indicate the results of the
complete GWAS. Yellow points indicate the results after all known loci (including the HLA region) are removed.
Red points indicate the results after all known loci and the genome-wide significant loci identified in this study
are removed. λ̂GC was estimated from the complete GWAS data.
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Figure 3: Linkage disequilibrium (r2) between genome-wide significant SNPs at the SCHIP1-IL12A locus at
3q25. The most significant genotyped SNP in the region was rs485499. The remaining SNPs shown were still
genome-wide significant (P ≤ 5 × 10−8) in an analysis conditioning on rs485499. Three of these SNPs were
genotyped (rs7610160, rs17811014, rs2366408), the remaining two were imputed using HapMap3 data. See
Supplementary Table 6 for association results for each SNP. Plot was created using Haploview [3].
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Figure 4: Regional association plots of all genome-wide significant loci, created using SNAP [12].
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Figure 5: Plot of first two principal components from the GWAS samples and HapMap data. Eigenvalues for
61,863 SNPs were calculated for the CEU, CHB, JPT and YRI HapMap samples, and these were then applied to
the GWAS samples. Red crosses represent individuals from the GWAS showing non-European or mixed ancestry.
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Figure 6: Heterozygosity and missingness are plotted for all GWAS samples based on the SNPs analysed in
this study. The red dashed horizontal lines indicate ±3 standard deviations from the mean, and the red dashed
vertical line indicates the call rate threshold of 0.02.

24



Figure 7: Cluster plots for all SNPs taken forward for replication, created using Evoker [13].
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