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SUPPLEMENTAL FIGURE LEGENDS

Supplementary Figure 1: Genome-wide association study (GWAS) and meta-analysis of
genotyped Sjogren’s datasets

(a)

(b)

(c)

(d)
(e)

(f)

(9)

(h)

(i)

Principal component (PC) analysis was done using EIGENSTRAT and 1000 Genomes
Project reference population. Distribution of individual Sjégren’s cases (red) and
population controls (blue), along with reference European subjects from the 1000
Genomes Project population, are shown along PC1 and PC2. Ancestry of individuals from
the 1000 Genomes Project population are indicated as follows: CEU: Utah Residents
(CEPH) with Northern and Western European Ancestry (green), TSI: Toscani in Italy
(yellow), FIN: Finnish in Finland (purple), GBR: British in England and Scotland (black),
IBS: Iberian Population in Spain (orange).

Distribution of individual Sjégren’s cases and population controls from the six genotyped
cohorts from this study shown along PC1 and PC2: Phase1 (Dataset 1), Scandinavian-1
(Dataset 2), Non-Scandinavian (Dataset 3), SICCA (Dataset 4), Scandinavian-2 (Dataset
5), PRECISESADS (Dataset 6) (Figure 1; Supplementary Table 2).

Distribution of individual Sjoégren’s cases (red) and population controls (blue) along PC1
and PC2.

Screeplot of 10 PCs.

Quantile-Quantile (QQ) plot of observed p-values verses expected p-values (-logo scale)
for all tested Sjogren-SNPs. Dotted black line indicates expected distribution of p-values. A
denotes the inflation factor.

Quantile-Quantile (QQ) plot of observed p-values verses expected p-values (-logo scale)
for all tested Sjogren-SNPs after exclusion of the previously identified regions of
association: HLA, IL12A, TNIP1, STAT1-STAT4, IRF5-TNPO3, FAM167A-BLK, and
DDX6-CXCRS. Dotted black line indicates expected distribution of p-values. A denotes the
inflation factor.

Manhattan plot shows the summary data from the GWAS results for the 6.2x10° SNPs
overlapping the six genotyped European datasets after imputation. The -log+o(P) for each
variant is plotted according to chromosome and base pair position. A total of seven novel
loci (indicated by red dots) exceeded genome-wide significance of Pewas<5x10® (red
dashed line). Several previously established loci were replicated (indicated by light blue
dots). The suggestive GWAS threshold (Psuggestive<5x10.5) is indicated by the blue dashed
line.

Principal component analysis was done using EIGENSTRAT and 1000 Genomes Project
reference population. Distribution of individual Sjégren’s cases (red) and population
controls (blue) from the ImmunoChip (Dataset 7) along PC1 and PC2 (Figure 1;
Supplementary Table 1).

Screeplot of 10 PCs.
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Supplementary Figure 2: Polygenic risk score (PRS) analysis of genotyped Sjogren’s

individuals.

(a, b) The PI1 genotyped dataset was randomly split into 2/3™ for training and 1/3™ for testing
the polygenic risk score (PRS) prediction. Principal component (PC) analysis was
performed using EIGENSTRAT. Distribution of individual Sjégren’s cases (red) and
population control subjects (blue) along PC1 and PC2 for the (a) training dataset (n=2,166
cases; n=11,638 population controls) and (b) testing dataset (n=1,076 cases; n=5,826
population controls).

(¢) Manhattan plot shows summary data of 6.2x10° genotyped SNPs used in PRSice-2 to
calculate PRS. The summary data was generated performing logistic regression analysis
and adjusting for first 3 principal components. The —log+o(P) for each variant is plotted
according to chromosome and base pair position. Red dashed line indicates genome-wide
significance (GWS) threshold of Pewas<5x10%. Blue dotted line indicates a suggestive
threshold of PSuggestive <5x1 0-5.

(d) Manhattan plot shows the 4.5x10° SNPs used in the PRS analysis after pruning using
independent pairwise analysis with a window of 50 kb, step size, or SNPs count of 5, and
r? >0.2 in PLINK to remove highly correlated SNPs. The summary data was generated
performing logistic regression analysis and adjusting for first 3 principal components. The
—log1o(P) for each SNP is plotted according to chromosome and base pair position. Red
dashed line indicates a threshold of Pewas <5x10-8. Blue dotted line indicates a
suggestive threshold of Psyggestive <5x107°.

(e) High-resolution plot showing multiple P-value thresholds (P+) for PRS predicting Sjogren’s
in all genotyped individuals using all genotyped SNPs after pruning to remove highly
correlated SNPs (r? >0.2).

(f)  High-resolution plot showing multiple P-value thresholds (Pr) for PRS predicting Sjogren’s
in genotyped individuals after LD pruning and removal of SNPs positioned in the HLA
region.

(g) Manhattan plot shows summary data of 6.2x10° genotyped SNPs used in PRSice-2 to
calculate PRS for Ro* Sjogren’s cases relative to population controls. The -log1o(P) for
each variant is plotted according to chromosome and base pair position. Red dashed line
indicates a threshold of Pewas <5x102. Blue dotted line indicates a suggestive threshold of
P Suggestive <5x1 0-5.

(h) Manhattan plot shows the 8.81x10° SNPs used in the PRS analysis of Ro* Sjogren’s
cases relative to population controls after pruning using independent pairwise analysis
with a window of 50 kb, step size, or SNP count of 5, and r? >0.2 in PLINK to remove
highly correlated SNPs. The —logo(P) for each SNP is plotted according to chromosome
and base pair position. Red dashed line indicates a threshold of Pewas<5x10-8. Blue
dotted line indicates a suggestive threshold of Psyggestive <5x107°.

(i) High-resolution plot showing multiple P-value thresholds (Pr) for PRS predicting Sjogren’s
in genotyped Ro™ Sjogren’s individuals using all genotyped SNPs after pruning to remove
highly correlated SNPs (1% >0.2).

(j) High-resolution plot showing multiple P-value thresholds (Pt) for PRS predicting Sjogren’s
in genotyped Ro* Sjogren’s individuals after LD pruning and removal of SNPs positioned
in the HLA region.
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Supplementary Figure 3: Conditional analysis, posterior probability analysis, chromatin
looping, and eQTL mapping in the MAPT-CRHR1 locus.

(a)
(b)

Conditional analysis was performed, adjusting for rs7210219. Residual effect was
observed for rs71375320.

Posterior probabilities distribution of variants in the MAPT-CRHR1 locus, identifying
rs7210219 as the most probable SNP.

(c-e) The pairwise D’ (c), r? (d), and haplotypes of the MAPT-CRHR1 locus with the frequencies

(f)

(9)

of the top and functional variants in the region displayed (e).

Circos plot mapping the zoom regional Manhattan plot of the imputed GWAS data for the
MAPT-CRHR1 region on Chromosome 17 (outer most layer). All SNPs with a -log1o(p-
value) <0.05 are shown in black or colored based on r? (red: r*>0.08; orange: r*>0.06). The
index SNP of the MAPT-CRHR1 association, rs7210219, is indicated. The outer circle
displays the chromosome coordinate of the MAPT-CRHR1 risk locus highlighted in royal
blue. Genes that are eQTLs or exhibit chromatin interaction by Hi-C in GM12878 Epstein-
Barr virus (EBV)-transformed B lymphocytes are reported on the inner circles in green or
orange font, respectively, and are shown as links colored green or orange, respectively, on
the inner most layer.

EcholocatoR was used to identify, fine-map and annotate the CRHR1 region after
specifying the index SNP (indicated by red dotted line): rs7210219. Additional SNPs with
plausible function were identified and indicated by the dotted yellow lines.
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Supplementary Figure 4: Conditional analysis, posterior probability analysis, chromatin
looping, and eQTL mapping in the CD247 locus.

(a)
(b)

Conditional analysis was performed, adjusting for rs7523907. Residual effect was
observed for rs6427098.

Posterior probabilities distribution of variants in CD247 locus, identifying rs7523907 as the
most probable SNP.

(c-e) The pairwise D’ (c), r? (d), and haplotypes with the frequencies of the top and functional

(f)

(g-i)

()

variants in the region are displayed (e).

Circos plot mapping the zoom regional Manhattan plot of the imputed GWAS data for the
CD247 association on Chromosome 1 (outer most layer). All SNPs with a -log1o(p-value)
<0.05 are shown in black, or colored based on r? (red: r»>0.08; orange: r*>0.06). The index
SNP of the CD247 association, rs7523907, is indicated. The outer circle displays the
chromosome coordinate of the CD247 risk locus highlighted in blue. Genes that are
eQTLs or exhibit chromatin interaction by Hi-C in GM12878 Epstein-Barr virus (EBV)-
transformed B lymphocytes are reported on the inner circles in green or orange font,
respectively, and are shown as links colored green or orange, respectively, on the inner
most layer.

Sjogren-SNPs rs7523907 (g), rs2949661 (h), and rs1214595 (i), positioned in an intronic
enhancer of CD247, exhibited strong epigenetic enhancer and promoter marks in several
immune cell types (rectangles). Coalescence of chromatin-chromatin interactions (purple
triangles) and several common eQTLs (yellow, orange, blue triangles), suggest that the
intronic enhancer regulates the promoters of CD247 (T cell receptor zeta chain) and
CREG1 (adenovirus E1A protein that promotes cell proliferation). rs2949661 (h) and
rs1214595 (i) are also eQTLs for TIPRL (inhibitory regulator of protein phosphatase-2A
(PP2A) in the pro-apoptotic TOR signaling pathway) or POGK in the minor salivary gland,
respectively. For details, see Supplementary Table 10.

Sjogren-SNP rs1723018, positioned in the intronic enhancer of CD247, has epimarks
consistent with enhancer and promoter activity in CD4* and CD8" T cells (rectangles).
Coalescence of chromatin-chromatin interaction (purple triangles) and eQTL data (top blue
and yellow triangles) suggest that the enhancer likely regulates the promoter of CD247
specifically in T cells. For details, see Supplementary Table 10.

(k-n) EcholocatoR was used to identify, fine-map and annotate the CD247 region after

specifying the index SNPs (indicated by red dotted line): rs7523907 (k), rs2949661 (1),
rs1214595 (m), rs1723018 (n). Additional SNPs with plausible function were identified and
indicated by the dotted yellow lines.
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Supplementary Figure 5: Conditional analysis, posterior probability analysis, chromatin
looping, and eQTL mapping in the XKR6 locus.

(a)

(b)

Conditional analysis adjusting for rs2409780 identified a residual effect for rs3885690 (top
panel), while conditional analysis adjusting for rs4841466 identified residual effect for
rs2618485 (bottom panel).

Posterior probabilities distribution of variants in XKR6 locus, identifying rs484 1466 as the
most probable SNP.

(c-e) The pairwise D’ (c), r? (d), and haplotypes with their frequencies of the top and functional

(f)

(g-)

variants in the region are displayed (e).

Circos plot mapping the zoom regional Manhattan plot of the imputed GWAS data for the
XKR6 association on Chromosome 8 (outer most layer). All SNPs with a -log1o(p-value)
<0.05 are shown in black, or colored based on r? (red: r>0.08; orange: r*>0.06). The index
SNP of the XKR6 association, rs4841466, is indicated. The outer circle displays the
chromosome coordinate of the XKRG6 risk locus highlighted in blue. Genes that are eQTLs
or exhibit chromatin interaction by Hi-C in GM12878 Epstein-Barr virus (EBV)-transformed
B lymphocytes are reported on the inner circles in green or orange font, respectively, and
are shown as links colored green or orange, respectively, on the inner most layer.
Sjogren-SNPs rs11250099 (g), rs4841465 (h), rs11250098 (i), and rs4314618 (j) are
positioned in an intronic enhancer of XKR6. Coalescence of chromatin-chromatin
interaction and eQTL indicate that the enhancer loops to the XKR6 and MTMR9 promoters
to modulate expression. Moreover, eQTL data for these SNPs in minor salivary gland
implicate XKR6, RP1L1, and SLC35G5. For details, see Supplementary Table 13.

(k-n) EcholocatoR was used to identify, fine-map and annotate the XKR6 region after specifying

the index SNPs (indicated by red dotted line): rs11250099 (k), rs4841465 (1), rs11250098
(m), rs4314618 (n). Additional SNPs with plausible function were identified and indicated
by the dotted yellow lines
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Supplementary Figure 6: Conditional analysis, posterior probability analysis, chromatin

looping, and eQTL mapping in the SYNGR1 locus.

(@) Conditional analysis was performed, adjusting for rs2069235. A residual effect was for the
top SNP, rs77806631.

(b) Posterior probabilities distribution of variants in SYNGR1 locus, identifying rs2069235 as
the most probable SNP.

(c-e) The pairwise D’ (c),  (d), and haplotypes with their frequencies of the top and functional
variants in the region are displayed (e).

(f)  Circos plot mapping the zoom regional Manhattan plot of the imputed GWAS data for the
SYNGR1 association on Chromosome 22 (outer most layer). All SNPs with a -log1o(p-
value) <0.05 are shown in black, or colored based on r? (red: r*>0.08; orange: r*>0.06).
The index SNP of the SYNGR1 association, rs2069235, is indicated. The outer circle
displays the chromosome coordinate of the SYNGR1 risk locus highlighted in blue. Genes
that are eQTLs or exhibit chromatin interaction by Hi-C in GM12878 Epstein-Barr virus
(EBV)-transformed B lymphocytes are reported on the inner circles in green or orange
font, respectively, and are shown as links colored green or orange, respectively, on the
inner most layer.

(g-j) Sjogren-SNPs rs2069235 (g), rs909685 (h), rs2267407 (i), and rs3747177 (j) are
positioned in an intronic regulatory element of SYNGR1. Epigenetic enrichment of
enhancer and promoter marks, and the coalescence of chromatin-chromatin interactions
and eQTL data indicate that this element likely functions as both a promoter to modulate
the expression of an alternative SYNGR1 isoform and/or an enhancer that regulates the
promoter of ATF4 and CBX?7. For details, see Supplementary Table 16.

(k-m) Sjogren-SNPs rs5757585 (k), rs11703434 (1), and rs137594 (m) are positioned in an
intergenic region upstream of SYNGR1. Epigenetic marks and eQTL enrichment indicate
that both variants modulate enhancer activity in specific immune cell types, predominantly
monocytes. For details, see Supplementary Table 16.

(n-t) EcholocatoR was used to identify, fine-map and annotate the SYNGR1 region after
specifying the index SNPs (indicated by red dotted line): rs2069235 (n), rs909685 (o),
rs2267407 (p), rs3747177 (q), rs5757585 (r), rs11703434 (s), rs137594 (t). Additional
SNPs with plausible function were identified and indicated by the dotted yellow lines.
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Supplementary Figure 7: Conditional analysis, posterior probability analysis, chromatin
looping, and eQTL mapping in the NAB17 locus.

(a)

(b)

Conditional analysis adjusting for rs4274624 identified a residual effect for rs4853457 (top
panel), while conditional analysis adjusting for rs4274624 and rs4853457 identified a
residual effect for rs2293765 (middle panel). Conditional analysis adjusting for rs2293765
identified a residual effect for rs4274624 (bottom panel).

Posterior probabilities distribution of variants in NAB1 locus, identifying rs2293765 as the
most probable SNP.

(c-e) The pairwise D’ (c), r? (d), and haplotypes with their frequencies of the top and functional

(f)

variants in the region are displayed (e).

Circos plot mapping the zoom regional Manhattan plot of the imputed GWAS data for the
NAB1 association on Chromosome 2 (outer most layer). All SNPs with a -logo(p-value)
<0.05 are shown in black, or colored based on r? (red: r»>0.08; orange: r*>0.06). The index
SNP of the NAB1 association, rs4274624, is indicated. The outer circle displays the
chromosome coordinate of the NAB1 risk locus highlighted in blue. Genes that are eQTLs
or exhibit chromatin interaction by Hi-C in GM12878 Epstein-Barr virus (EBV)-transformed
B lymphocytes are reported on the inner circles in green or orange font, respectively, and
are shown as links colored green or orange, respectively, on the inner most layer.

(g-h) Sjogren-SNPs rs2293765 (g) and rs2192008 (h), positioned in intronic enhancer elements

(i)

()

of NAB1, exhibited epigenetic enhancer and promoter marks in several immune cell types
(rectangles). Coalescence of chromatin-chromatin interactions (purple triangles) and
several common eQTLs (yellow, orange, blue triangles), suggest that the intronic
enhancer regulates the promoters of MFSD6 (Major Facilitator Superfamily Domain
Containing 6 likely regulates nutrient uptake across cell membranes) and
TMEM194B/NEMP2 (Nuclear Envelope Integral Membrane Protein 2 has unknown
function). For details, see Supplementary Table 19.

Sjogren-SNP rs11900804, positioned in an intronic enhancer element of NAB17, has limited
epigenetic enhancer and promoter activity in CD4" T cells, and a coalescence of
chromatin-chromatin interaction data and eQTLs for MFSD6 and TMEM194B/NEMP2.
Lack of epigenetic marks suggest that Sjogren-SNP rs744600 is likely not function, despite
being a SNP from the 95% credible set for the NAB7 region. For details, see
Supplementary Table 19.

(k-n) EcholocatoR was used to identify, fine-map and annotate the NAB1 region after specifying

the index SNPs (indicated by red dotted line): rs2293765 (k), rs2192008 (1), rs11900804
(m), rs744600 (n). Additional SNPs with plausible function were identified and indicated by
the dotted yellow lines.

37



Conditioned on rs4274624

Posterior

Posterior Probabilities of NAB1 ONLY Variants
152293765

00 *

Significant Region
Mapped by Chromatin
Interaction

AC108047.1

HNRNPCP2
Mapped by eQTL

Mapped by Chromatin
Interaction & eQTL

available

. To10%0000 701250000 o 91650000 Y1800
& c L 1 d L 1
. :
e g g s
d : g &
5 g g g Haplotype frequency
2 @ Overall Case  Control X2 P
0497 0442 0507 90.48 1.86E-21
- 0233 0236 0232 0.42 051
il 0145  0.187  0.137 109.76  1.10E-25
0077 0086  0.075 9.27 0.002
. o1 o1 0026 0024  0.026 0.83 0.36
/ o (Mb) g — - i
/ 3 B s| |3 :
y 3|2 g[8 g EE ;|8 2
[ B | [ T [ [ ]
AVAd 4 4444 AV 4 4 4V 4
| A 4 | | A 4| WV
| ] Vd 4 4
3 |4l 4 AV | 4 - 4V
Vil 4 A4V 4 4 H Vil d 44 4 474
A\ R AVA 4 4V 4 4 3 AV A4 4 4
W 2 A d 4 4 4 4EEHE AV 4 4 4V 4
R 5 dddddddiEHE Addddddd
L - |al3 VAVA"d 4 4.4 .d g A AV dddd
‘ T E|g ViV 4 4 474 4 3 Vddddddd
feacton Looos: Bt o 2 A dddJVd 4 A 4 4 4V 4
] G- ot 7 A ddd 44 4 A d 4V 44 4
- AVAVA 4 4 4.4 A d AV 4 474
T P2 4 A A AV 4 47 Addddddd
A JAVd 4V 4 - .d.d
A d 4V 4 4.4
AVAd 4 d 4 4.4
AVA 4 4 4V 4
| o d

2QTL
[ pesxtos-suios
7 p<sxtos-suios

*Indicates SNP in target gene promoter

i P pescros
£ § g 2 ?4 ?,; 2 2 P> p<00s:FOR
2 SlelE @ 2 SlE)E @ P tosatL
3lo FA ] > 3o FERE: > ChromatinLoop
8le 815 2 3|2 2 Promolor elementof Target gene
Sle o 10| = u S]e oGl = = P [ty chaniot

2] Noloop within 5kb of the SNP anchor
A nformation currently unavailable

k*) EcholocatoR Analyses: rs2293765
I*) EcholocatoR Analyses: rs2192008
m*) EcholocatoR Analyses: rs11900804
n*) EcholocatoR Analyses: rs744600
*see next page

N=
W
AN

Y

NAB1
rs744600 (RegDB Score: 3a)

OSGEPL1

NAB1
1511900804 (RegDB Score: 3a)

PMS1

AMMANAMAANA
\

ALMNAMAANA AL
AMMNMAMANNM NN

AMMAMAMAANAMA N
AMMANNAAMAMANAAN

ANMMMMAMAAN

/] d.d.d L]
L] Ve 4 -
- V% L~
Y | Vd 4 .4 |
L~ %4 4 -
- - dd -
- d.d.d Y
- Vd 4 .4 ]
L] -add L~
- a.d.d -
- d 4 4 V|
- | ] L]
- - dd -
- A4 4 -
] o .d.d o

- d
AV
AV
V4
V4
>l
|
- d
.4
e 4
- d
.4
e 4
- d
o 4

38



NAB1_rs2293765

004

Chromatin State (Density)

CD14 Primary Cells

' o 1.0 05 0
L o =
* .
10 ]
G . L A
o o o
- o wo® o° ® ':"‘ 0T B @ esen o
0 220 2. 2 288 = L A
1915 191.55 191.6 191.65 191.7
—_
=
o :
~ ACO06460)
E
(o]
Q I
<
0
<
= NAB1
© | I | | "
~ f
o 0.0 ‘
o POLYFUN_SUSIE '
= ;
o
£
a
Q
©
=
(0]
=
[T

rs4853516

ChromState

M BivFink B ReprPCWk
Enh B TssA

EnhBiv M TssAFink

EnhG

F

1e-

e-03 sl § TssBiv
o

- juies X

Se04 ReprPC I ZNF/Rpts

0e+00 e ‘

TV 1CD15 Primary Cells

0e+00 . i,

CD4 Memory Primary Cells
1e-04
0e+00

1e-04

0e+00 1

1e-04

CD4 Naive Primary Cells

0Oe+00

1e-04

Na.nn
1e-04
5e-05

0e+00 1

1e-04
Se-05

0e+00 1

1e-04
Se-05

CD56 Primary Cells

CD8 Memory Primary Cells

CD8 Naive Primary Cells

ENCODE Clustering (Density)

2e-05

DNasel Cluster: 100

CD4* CD25- CD45RA* Naive Primary Cells

CD4* CD25- CD45RO* Memory Primary Cells

B FSHD NHLF
HEEpiC W PanisletD
HRCEpIC

Oe+00

2e-05

DNasel Cluster: 104

Oe+00

2e-05

DNasel Cluster: 45

Oe+00

2e-05

DNasel Cluster: 67

0e+00

2e-05

DNasel Cluster: 72HSMM

e —————____

Broad Histone

(Density)

3e-04

Broad Histone K562

B H2az H3kdme1
H3k27ac M H3k4me2
H3k36me3




NAB1_rs2192008

: PY 10 05 0
P =
o omy
___________________________________ ST Que
L O MM
S 2. o Y anbwemen o ®
E Y L
2. 8 080 e P G 8.
v e
1916 191.65 191.7 191
= ACU06460.2
o
=
E
(2]
o
<
2 :
< NAB1 '
3 @ 5 o 00
° '
10
—
o
o
=
)]
£
Q
Q
©
=
(0]
£
[T
——l e e e et ]
CD14 Primary Cells ChromState
B BivFink W ReprPCWk
B Enh TssA
fee f
Se04 ' E Hot WTx
' Quies B TxWk
ReprPC B ZNF/Rpts

ge-054 CD4* CD25- CD45RA* Naive Primary Cells

3e-05

0e+00

se.05 ] CD4* CD25° CD45RO* Primary Cells

Chromatin State (Density)

3e-05

n&;nn
-051cD4* cD25int CD127* Tmem Primary Cells

0e+00 1
“**1c56 Primary Cells

5e-05

o e —— el

CD8 Memory Primary Cells

ty

dens

5e-05

0e+00 P
CD8 Naive Primary Cells

5e-05

42'64 9 Mobilized CD34 Primary Cells_Male

2e-04
0e+00 | — - A v A
40.04 4 Peripheral Blood Mononuclear Primary Cells .
2e-04 ! ' .
0g:00
— " - B CTCF  RAD2
TF Binding Site Cluster: GM12878 : EP300 M YY1 1
40-04 : FOSL2
2 0eut0 _—
g 4e-04 4 TF Binding Site Cluster: HepG2 )
5] e
0pa -
8 %8 |ONasel Cluster: 104 ' B FSHD ~ PanisielD
o ! HEEFC H Thi
e 2e-05 HSMM
g
» ?‘oo DNasel Cluster: 123
3 e-05
O 2005 '
0e+00 "
O 4005 DNasel Cluster: 45
[G] '
Z 2005 '
w '
NaiN0
2e-05{DNasel Cluster: 72HSMM
N NO e
Q Broad Histone GM12878 B Hoaz Hkdme1
H3k27ac M H3kdme2
o5 H3k36me3
QL=
T2 .
el i
® QO 4004 '
o~ '
= 1
0 00,00 —— ——




NAB1_rs11900804

GWAS (-logio(p))

Fine-Mapping (PP)

° é e s * 1005 0
________ B 1 ... . oo o oo it o sy o A O i o
0 S8 o wemaeno

SR leetie® *Ye° %0 ane w emee o

= ! »o ° 09°

Ras - 2. 2 2828 . o
S
1915 191.55 191.6 191.65 191.7

AC006480.2

=)

ol
1%

POLYFUN_SUSIE

o
o

=)

Chromatin State (Density)

ENCODE Clustering
(Density)

0.5
rs11900804 |
— —
CD3 Primary Cells_Cord Blood ChromState
B BivFink B ReprPCWk
[SREREY 8 Enh B TssA
B EnhBiv M TssAFink
0.0010 B EnhG N TssBwv
g
uies X!
0.0005 ReprPC I ZNF/Rpts
0.0000 = ——
CD4 Memory Primary Cells
1e-04
0e+00 1

1e-04

Na.nn

le-04

fa.nn
S5e-05

Oe+00
1e-04

Oe+00
1e-04

5e-05

4e-05

2e-05

CD4 Naive Primary Cells

CD4* CD25- CD45RO* Memory Primary Cells

A A :
' W %

CD56 Primary Cells

CD8 Memory Primary Cell

CD8 Naive Primary Cells

DNasel Cluster: 104 ' B FSHD PanlsletD
H B Tht

HSWRY

0e+00

s
?

o
&

2e-05

DNasel Cluster: 123

0e+00
4e-05

N
?

=
a

DNasel Cluster: 45

0e+00
2e-05

DNasel Cluster: 72HSMM




NAB1_rs744600

oo @ 10 05 0
° o
i E
10
cemy
************************************ L Soadade b
. TOWEWE P
d 7 e wemen o & oo
° °g° °® e
0 = e — S—
191.6 191.7
—
=
o AC006460.2
o
(2]
o
NP
0
<
= NAB1
© | | 1] |
. . P
10 ~

1s11900804 1s1468685

05
—
o 0.0 “in
o POLYFUN_SUSIE > 4
o PO o e e S S S NN S a R M v i i o e i e
c =
£
[T '
& )
= 15744600
1 °
(0] N
2 0.0 &
i Mean
VI i o i - i i Y Y e i I o i T e s s e
. d :
0.0 = —
1e-04 4 TF Binding Site Cluster: A549 B crcF TAF1
EP300 W YY1
56-05 ' POLR2A
——————————
0e+00 —S— . ’ e
S 1004 TF Binding Site Cluster: GM12878
‘@
c
[0
[a]
=
o
£
=
Q
-
2]
2
(@]
Lu Nna.nn L L = _ .
8 30.05 { DNasel Cluster: 123 B FSHD ~ HSMM
15) & N N GEAE1287B B Th
& Hi iC
Z  0e+0 i
L DNasel Cluster: 25
3e-05
0e+00
DNasel Cluster: 45
3e-05




Supplementary Figure 8: Conditional analysis, posterior probability analysis, chromatin

looping, and eQTL mapping in the RPTOR-CHMP6-BAIAP6 locus.

(@) Conditional analysis was performed, adjusting for rs8071514. A residual effect was for the
top SNP, rs139722484.

(b) Posterior probabilities distribution of variants in RPTOR-CHMP6-BAIAPG6 locus, identifying
rs8071514 as the most probable SNP.

(c-e) The pairwise D’ (c), r? (d), and haplotypes with their frequencies of the top and functional
variants in the region are displayed (e).

(f)  Circos plot mapping the zoom regional Manhattan plot of the imputed GWAS data for the
RPTOR-CHMP6-BAIAPG6 association on Chromosome 17 (outer most layer). All SNPs
with a -log1o(p-value) <0.05 are shown in black, or colored based on r? (red: r*>0.08;
orange: r*>0.06). The index SNP of the RPTOR-CHMP6-BAIAPS6 association, rs8071514,
is indicated. The outer circle displays the chromosome coordinate of the RPTOR-CHMP6-
BAIAPEG risk locus highlighted in blue. Genes that are eQTLs or exhibit chromatin
interaction by Hi-C in GM12878 Epstein-Barr virus (EBV)-transformed B lymphocytes are
reported on the inner circles in green or orange font, respectively, and are shown as links
colored green or orange, respectively, on the inner most layer.

(g, h)Sjogren-SNP rs6565516 (g) and rs4969328 (h) are positioned in the CHMP6 promoter
region, have epigenetic marks consistent with promoter activity and are reported CHMP6
eQTLs. CHMP6 encodes the charged multivesicular body protein 6, an important
component of the ESCRT-IIl complex involved in endosomal sorting for degradation.
Additional epigenetic enhancer marks, chromatin-chromatin interactions, and eQTL data
suggest that these variants may also modulate enhancer that engages the RPTOR
promoter. RPTOR (Regulatory Associated Protein of MTOR Complex 1) is an important
regulator of nutrient sensing and autophagy during nutrient deprivation. The two SNPs are
also minor salivary gland eQTLs for TMEM105 and FAM165B ~314 kb and ~816 kb
downstream downstream. For details, see Supplementary Table 22.

(i, j) Sjogren-SNP rs4969331 (i) and rs6565518 (j) are positioned in an intronic element with
epigenetic evidence of enhancer and promoter activity. Chromatin-chromatin interaction
data indicates potential looping to an upstream region enriched with non-protein-coding
genes, however reporting of ncRNAs in eQTL databases is limited, preventing detecting of
any coalescence between eQTL and chromatin-chromatin interaction at this region. For
details, see Supplementary Table 22.

(k-n) EcholocatoR was used to identify, fine-map and annotate the RPTOR-CHMP6-BAIAP6
region after specifying the index SNPs (indicated by red dotted line): rs6565516 (k),
rs4969328 (l), rs4969331 (m), and rs6565518 (n). Additional SNPs with plausible function
were identified and indicated by the dotted yellow lines.
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Supplementary Figure 9: Conditional analysis, posterior probability analysis, chromatin
looping, and eQTL mapping in the PRDM1-ATGS5 locus.

(a)
(b)

Conditional analysis was performed, adjusting for rs526531. A residual effect was for the
top SNP, rs11152944.

Posterior probabilities distribution of variants in PRDM1-ATG5 locus, identifying rs548234
as the most probable SNP.

(c-e) The pairwise D’ (c), r? (d), and haplotypes with their frequencies of the top and functional

(f)

(9)
(h-1)

(m)

(n-t)

variants in the region are displayed (e).

Circos plot mapping the zoom regional Manhattan plot of the imputed GWAS data for the
PRDM1-ATGS5 association on Chromosome 6 (outer most layer). All SNPs with a -log1o(p-
value) <0.05 are shown in black, or colored based on r? (red: r*>0.08; orange: r*>0.06).
The index SNP of the PRDM1-ATG5 association, rs526531, is indicated. The outer circle
displays the chromosome coordinate of the PRDM1-ATG5 risk locus highlighted in blue.
Genes that are eQTLs or exhibit chromatin interaction by Hi-C in GM12878 Epstein-Barr
virus (EBV)-transformed B lymphocytes are reported on the inner circles in green or
orange font, respectively, and are shown as links colored green or orange, respectively, on
the inner most layer.

Lack of epigenetic marks suggest that the index Sjogren-SNP rs526531 is not likely
function. For details, see Supplementary Table 25.

Sjogren-SNPs rs11152966 (h), rs533733 (i), rs548234 (j), rs4946728 (k), and rs7768653
(), positioned in intergenic space between PRDM1 and ATGS5, all exhibit epigenetic
enhancer and promoter marks across several immune cell types and share several
eQTLs, including ATG5 and PRDM?1 in several immune cell types and ATG5 in the minor
salivary gland. PRDM1 encodes B-lymphocyte induced maturation protein 1 (BLIMP1),
which has several regulatory roles in innate and adaptive immune responses. ATGS is a
prominent regulator of autophagy. Lack of reported chromatin-chromatin interactions in all
but the EBV B cell types suggest that stimulation may be required for interactions between
the enhancer and PRDM1 or ATG5 promoters. For details, see Supplementary Table 25.
Lack of epigenetic marks suggest that Sjogren-SNP rs4134466 is likely not function,
despite being a SNP from the 95% credible set for the PRDM1-ATGS5 region. For details,
see Supplementary Table 25.

EcholocatoR was used to identify, fine-map and annotate the PRDM1-ATGS5 region after
specifying the index SNPs (indicated by red dotted line): rs526531 (n), rs11152966 (o),
rs533733 (p), rs548234 (q), rs4946728 (r), rs7768653 (s), and rs4134466 (t). Additional
SNPs with plausible function were identified and indicated by the dotted yellow lines.
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Supplementary Figure 10: Conditional analysis, posterior probability analysis, chromatin

looping, and eQTL mapping in the PTTG1-MIR146A locus.

(@) Conditional analysis was performed, adjusting for rs2431098. No residual effects were
observed in the region of association.

(b) Posterior probabilities distribution of variants in PTTG1-MIR146A locus, identifying
rs2431098 as the most probable SNP.

(c-e) The pairwise D’ (c), * (d), and haplotypes with their frequencies of the top and functional
variants in the region are displayed (e).

(f)  Circos plot mapping the zoom regional Manhattan plot of the imputed GWAS data for the
PTTG1-MIR146A association on Chromosome 5 (outer most layer). All SNPs with a -
log1o(p-value) <0.05 are shown in black, or colored based on r? (red: r*>0.08; orange:
r?>0.06). The index SNP of the PTTG1-MIR146A association, rs2431697, is indicated. The
outer circle displays the chromosome coordinate of the PTTG1-MIR146A risk locus
highlighted in blue. Genes that are eQTLs or exhibit chromatin interaction by Hi-C in
GM12878 Epstein-Barr virus (EBV)-transformed B lymphocytes are reported on the inner
circles in green or orange font, respectively, and are shown as links colored green or
orange, respectively, on the inner most layer. The index gene for the PTTG1-MIR146A
association are colored in blue.

(g, h)Sjogren-SNPs rs2431697 (g) and rs2431099 (h), positioned in an intergenic region 3’ of
PTTG1, exhibited limited cell type-specific epigenetic enhancer marks in CD4* T cells
(green rectangles) and several eQTLs, including PWWP2A in salivary gland (top yellow
triangles), and upstream PTTG1 and SLU7 in CD4+ T cells. Chromatin-chromatin
interactions in GM12878 EBV B lymphocytes (bottom purple triangle) revealed interactions
between this enhancer and the promoter of NUDCD2, HMMR, and RP11-541P9.3, but not
with the promoters of PTTG1 or SLU7Y. For details, see Supplementary Table 28.

(i) Lack of epigenetic marks suggest that Sjogren-SNPs rs2431698 is likely not function,
despite being a SNP from the 95% credible set for the region. For details, see
Supplementary Table 28.

(i) Annotation of Sjégren-SNPs shown in b-d using the IMPACT model to quantify SNP
position in 700 cell-type specific active transcription factor binding sites. Top panel depicts
SNP position (blue lines) relative to genomic coordinates (Mb) of the PTTG1-MIR146A
locus. Bottom panel shows the total number of active transcription factor binding sites
detected at each SNP.

(k-m)EcholocatoR was used to identify, fine-map and annotate the PTTG1-MIR146A region
after specifying the index SNPs (indicated by red dotted line): rs2431697 (k), rs2431099
(), and rs2431698 (m). Additional SNPs with plausible function were identified and
indicated by the dotted yellow lines.
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Supplementary Figure 11: Conditional analysis, posterior probability analysis, chromatin

looping, and eQTL mapping in the TNFAIP3 locus.

(@) Conditional analysis was performed, adjusting for rs61117627. A residual effect was for
the top SNP, rs17264332.

(b) Posterior probabilities distribution of variants in TNFAIP3 locus, identifying rs61117627 as
the most probable SNP.

(c-e) The pairwise D’ (c),  (d), and haplotypes with their frequencies of the top and functional
variants in the region are displayed (e).

(f)  Circos plot mapping the zoom regional Manhattan plot of the imputed GWAS data for the
TNFAIP3 association on Chromosome 6 (outer most layer). All SNPs with a -logio(p-value)
<0.05 are shown in black, or colored based on r? (red: r*>0.08; orange: r*>0.06). The index
SNP of the TNFAIP3 association, rs61117627, is indicated. The outer circle displays the
chromosome coordinate of the TNFAIP3 risk locus highlighted in blue. Genes that are
eQTLs or exhibit chromatin interaction by Hi-C in GM12878 Epstein-Barr virus (EBV)-
transformed B lymphocytes are reported on the inner circles in green or orange font,
respectively, and are shown as links colored green or orange, respectively, on the inner
most layer.

(g) Sjogren-SNP rs7749323 is the proxy SNP for the previously described TT>A enhancer 3’
of the TNFAIP3 gene. Consistent with reports, rs7749323 exhibited epigenetic enhancer
marks, but minimal chromatin-chromatin interactions or eQTLs for TNFAIP3. rs7749323 is
an eQTL for IFNGR1 in the minor salivary gland. Looping data is currently unavailable for
the salivary gland but looping data in EBV B cells revealed an interaction between the
TT>A enhancer region and the IFNGR1 promoter upstream. IFNy signaling plays a
prominent role in the inflammatory pathways that drive SS pathogenesis in the salivary
gland. For details, see Supplementary Table 31.

(h, i) Sjogren-SNPs rs10499197 (h) and rs58905141 (i), positioned in an intergenic enhancer 5’
of the TNFAIP3 promoter, exhibit epigenetic enhancer and promoter marks across several
immune cell types and share several eQTLs, including CCDC28A in the minor salivary
gland. SNP rs10499197 (h) also has coalescence of eQTL and chromatin-chromatin
interactions with the TNFAIP3 promoter in several immune cell types, suggesting that this
enhancer may function to modulate expression of TNFAIP3, an important regulator of
inflammatory signaling. For details, see Supplementary Table 31.

(J) Sjogren-SNP rs5029937, positioned in an intronic region of TNFAIP3, exhibit epigenetic
enhancer and promoter marks and is an eQTL for several genes across several cell types.
For details, see Supplementary Table 31.

(k) Sjogren-SNP rs5029924 is positioned in the TNFAIP3 promoter region and exhibits
epigenetic promoter marks across several immune cell types. For details, see
Supplementary Table 31.

() The coding variant, rs2230926, in TNFAIP3 is also a reported eQTL for TNFAIP3 in
several immune cell types. For details, see Supplementary Table 30.

(m-s)EcholocatoR was used to identify, fine-map and annotate the TNFAIP3 region after
specifying the index SNPs (indicated by red dotted line): rs7749323 (m), rs10499197 (n)
rs58905141 (0), rs5029937 (p), rs5029924(q), rs2230926 (r), and rs61117627 (s).
Additional SNPs with plausible function were identified and indicated by the dotted yellow
lines.
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Supplementary Figure 12: Conditional analysis, posterior probability analysis, chromatin
looping, and eQTL mapping in the TYK2 locus.

(a)
(b)

Conditional analysis was performed, adjusting for rs11085725. A residual effect was for
the top SNP, rs2278442.

Posterior probabilities distribution of variants in TYK2 locus, identifying rs11085725 and
rs35251378 as the most probable SNPs.

(c-e) The pairwise D’ (c), r? (d), and haplotypes with their frequencies of the top and functional

(f)

(9)

(h)

(i)

(i-n)

variants in the region are displayed (e).

Circos plot mapping the zoom regional Manhattan plot of the imputed GWAS data for the
TYK2 association on Chromosome 19 (outer most layer). All SNPs with a -log1o(p-value)
<0.05 are shown in black, or colored based on r? (red: r*>0.08; orange: r*>0.06). The index
SNP of the TYKZ2 association, rs11085725, is indicated. The outer circle displays the
chromosome coordinate of the TYK2 risk locus highlighted in blue. Genes that are eQTLs
or exhibit chromatin interaction by Hi-C in GM12878 Epstein-Barr virus (EBV)-transformed
B lymphocytes are reported on the inner circles in green or orange font, respectively, and
are shown as links colored green or orange, respectively, on the inner most layer.
Sjogren-SNP rs2304256 is a previously characterized missense variant in TYK2. For
details, see Supplementary Table 34.

Sjogren-SNP rs11879191, positioned in an intronic region of CDC37 downstream of TYK2,
exhibits epigenetic promoter and enhancer marks in all immune cell types presented
(rectangles). The intronic regulatory element engages a broad regulatory network
including the promoters of several eQTLs including ICAM5 and CDC37 in monocytes, and
OLFM2 and EIF3G in the salivary gland. For details, see Supplementary Table 34.
Sjogren-SNP rs2278442 is positioned in intronic region of ICAM3 that is enriched with
epigenetic promoter and enhancer marks across most immune cell types shown.
Coalescence of chromatin interactions and eQTL data suggest that this regulatory region
may also modulate the expression of ICAMS, ICAM4, MRPL4, TYK2, and ICAM1. For
details, see Supplementary Table 34.

EcholocatoR was used to identify, fine-map and annotate the TYK2 region after specifying
the index SNPs (indicated by red dotted line): rs2304256 (j), rs11879191 (k), rs2278442
(1), rs34953890 (m), and rs753859 (n). Additional SNPs with plausible function were
identified and indicated by the dotted yellow lines.
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Supplementary Figure 13: Pathway, function, and disease enrichment of the index genes
of each novel Sjogren’s-associated risk locus and genes that share a predicted
regulatory network with the index gene.

Ingenuity Pathway Analysis (IPA) Canonical Pathway and Disease and Function analyses were
performed to assess the functional potential of the index gene, as well as genes that share a
regulatory network with the index genes. Blue color indicates tested genes (top row) that were
associated with specified cell functions, signaling pathways, or diseases (first two columns).
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