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A. Selecting SNPs for validation. As a starting point we used results from a meta-
analysis of three genome wide association studies (GWAS) for rheumatoid
arthritis. Nominally significant SNPs were tested for functional connections to
established RA risk SNPs with GRAIL. The most connected subset was forwarded

for additonal genotyping.

a. Meta-analysis of three GWAS. We had previously conducted a large
scale meta-analysis of three GWAS, described in detail elsewhere!.
Briefly, in that study we compiled data from three GWAS consisting in
aggregate of 3,393 cases and 12,462 controls (see Supplementary
Table 3). We used IMPUTE to interpolate missing SNP data to facilitate
cross-platform analysis?3. In that study we examined 336,721 sites outside
the MHC region that passed strict quality control criteria. In the originial
study, we specifically conducted followup genotyping on independent
SNPs that demonstrated nominal association to RA at p < 0.0001 in a two
stage replication experiment. In that study we genotyped 17 loci in both
the first and second replication stage - of those, 6 demonstrated

compelling evidence of association.

b. Selecting Candidate SNPs for followup. For this study we identified all
of those SNPs that were nominally associated with RA (p < 0.001) - a total
of 510 SNPs exceed this threshold of significance. We grouped SNPs into
independent loci; we considered two SNPs as in the same locus if there
was evidence of LD (r2>0.1 in CEU HapMap). We removed all loci that
overlapped with validated RA risk regions (see Table 1 main text). We also
removed 17 additional loci with p < 10 that were genotyped in both

stages of the initial meta-analysis study. We were left with a total of 179
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independent loci representing 370 SNPs for followup. From these loci, we
selected the single SNP that demonstrated the greatest evidence of

association in the published meta-analysis for followup genotyping.

c. Prioritizing Candidate SNPs with GRAIL. Using the GRAIL algorithm*
we tested these 179 SNPs against 16 independent known associated RA
risk loci. The implemnetation of GRAIL that we used contained literature
only up until December 2006, and contained information about 25,455
genes derived from 259,659 PubMed Abstracts; there was a median of 13
references per gene. GRAIL references were based on gene references
listed in Entrez for both the human gene of interest, and also references
listed for homologous genes in model organisms>. Of note - the version of
GRAIL that we used is a previous implementation that differs slightly from
the current implementations - results are not substantially affected when
we do the same experiment with the current version of GRAIL (see
Supplementary Figure 2). We entered the 179 SNPs as ‘query’ loci and
tested them against the 16 known validated RA SNPs, which we entered
as ‘seed’ loci. We selected the 22 SNPs with GRAIL scores that were ptext
< 0.01. Analysis of validated RA SNPs suggested that this was a

reasonable cutoff (see main text).

B. Independent Patient Collections for replication. The patient collections that we
used for validation genotyping are described in detail in Supplementary Table 3.
All cases and controls were self-described “white” and of European ancestry. Al
cases either fulfilled 1987 ACR® criteria or were diagnosed by a board certified
rheumatologist. All cases were seropositive for either rheumatoid factor (RF) or

anti-cyclic citrullinated peptide antibody (CCP)”.
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a. The Brigham Rheumatoid Arthritis Sequential Study (BRASS) is a registry
of RA patients from the Boston area followed at Brigham and Women'’s
Hospital; it is described in detail elsewhere®. A board certified
rheumatologist at Brigham and Women’s Hospital diagnosed each patient.
We identified all patients that were CCP positive. We obtained healthy
controls for these samples from three separate studies on Myocardial
Infarction (n=722, MIGEN)?, Adult Macular Degeneration (n=486, AMD)°,

and Multiple Sclerosis (n=247, MS)11,

b. The CANADA collection is described elsewhere!?. Cases were recruited
from the Toronto area, and based on clinical, serological and radiological
data were diagnosed with RA in accordance with 1987 American College
of Rheumatology criteria. Subjects diagnosed with RA at an age of 16
years or younger were excluded from the study. Some of the control
samples (n=378) were healthy white individuals recruited from the Toronto
area who had no history of rheumatoid arthritis or other inflammatory
disease. Additional healthy controls (n=1,094) were obtained from a lung

cancer study!%13,

c¢. The CANADA 1l collection is described elsewhere?. These samples
consisted of independent cases and healthy controls recruited recruited
from the Toronto and Halifax areas. Cases were identified based on
clinical, serological and radiological data in accordance with 1987
American College of Rheumatology criteria. Controls for the replication
study were also recruited in Toronto and Halifax who had no history of

rheumatoid arthritis or other inflammatory disease.



RA Risk Variants at CD28, PRDM1, and CD2/CD58. Raychaudhuri et al

d. The Epidemiological Investigation of Rheumatoid Arthritis provided a
second collection of cases and controls (EIRA-II). This collection was
described in detail elsewhere!*. All cases had RA consistent with 1987
ACR criteria and were CCP positive; they were recruited from Sweden.

Healthy controls were similarly recruited from Sweden.

e. The Genomics Collaborative Initiative (GCI) samples are a collection of
RA cases recruited from Rheumatology specialty clinics in North America
and are described in greater detail elsewhere!5. All patients were RF
positive, and fulfilled 1987 ACR criteria. All cases were matched to healthy
controls on the basis of age (within five years), gender, and grandparental

country (or region) of origin.

f- The Genetics Network Rheumatology Amsterdam (GENRA) provided a
collection of Dutch cases recruited through from the greater Amsterdam
region. The cases are described in detail elsewhere'®17. Cases were
recruited from the outpatient rheumatology clinics of the VU university
medical center, the Jan van Breemen institute, and the AMC/University of
Amsterdam, all situated in the Amsterdam region in the Netherlands. All
cases had RA consistent with 1987 ACR criteria, and only those patients
that were CCP positive were used in this study. Healthy controls were

recruited from blood donors from the same region.

g. Cases and controls of Dutch origin were recruited at Leiden University
Medical Center (LUMC). This collection is described in detail

elsewhere®19_All cases were RF or CCP positive and fulfilled 1987 ACR
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criteria. Controls were healthy individuals who had been recruited at
Leiden University Medical Center as part of a separate study on deep vein

thromboses?9.

h. The Nurses Health Study (NHS) collection is described in detail
elsewhere?!. Cases and controls were drawn from the Nurses Health
Study and Nurses Health Study Il, prospective studies of >200,000 female
nurses, that have been followed for as long as 30 years. Potential RA
cases were identified with a screening questionnaire, followed by detailed
chart review by board certified rheumatologists. All cases fulfilled 1987
ACR criteria. Each case was matched to a control by year of birth,
menopausal status, and postmenopausal hormone use. We genotyped all

control samples, and all cases with confirmed positive RF or CCP.

i. The North American Rheumatoid Arthritis Consortium provided a collection
of samples that we used in replication (NARAC-II). These samples were
used as a replication cohort for another separate study and are described
in detail elsewhere!?14, These were samples drawn from specialty clinics
from across North America. All samples were CCP positive and met 1987
ACR criteria. Additional healthy controls were drawn from the New York

Cancer Project.

J- The North American Rheumatoid Arthritis Consortium provided a third
collection of samples that we used in replication (NARAC-III)'2. These
were samples drawn from specialty clinics from across North America. All
samples were CCP positive and met 1987 ACR criteria. Cases in this

collection were constituted from (1) singleton cases collected at the
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Feinstein Institute, (2) cases collected by Dr. Tuulikki Sokka as part of an
early onset RA cohort (ERATER)?2, (3) cases contributed by Dr. Ted Mikuls
at the University of Nebraska from the VARA cohort, (4) cases collected by
Dr. Lindsey Criswell at the University of California San Francisco, (5) RA
cases collected as part of an ongoing cohort study of first degree relatives
of RA patients (Michael Holers, Pl), and (6) cases that are members of
multiplex families with multiple autoimmune diseases in the MADGC
collection23. We obtained publicly available controls from three different
groups (1) shared healthy controls from Study 66 and Study 67 from the
lllumina Genotype Control Database (www.illumina.com), and (2) a
collection of Parkinson’s cases and healthy controls recruited for a

Parkinsons Disease study?*.

k. United Kingdom Rheumatoid Arthritis Genetics (UKRAG) collection
consists of cases and controls recruited from throughout the United
Kingdom and is described in detail elsewhere?5. Cases and controls were
recruited from Manchester, Aberdeen, Leeds, Sheffield, London, and
Oxford. We selected a subset of cases that were either postive for RF or
CCP. All cases fulfilled the 1987 American College of Rheumatology
classification criteria. Healthy controls were recruited from 5 of the same 6

centers (cases only recruited from London).

C. Genotyping and Data Processing
a. Genotyping. We genotyped each patient collection for the 22 SNPs
selected by GRAIL. We designed a single Sequenom iPlex pool and
genotyped EIRA-I, EIRA-II, GENRA samples at the Broad Institute (in

Cambridge, MA). We employed the same pool design to genotype

10
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NARAC-II cases and controls at the National Institutes of Arthritis,
Musculoskeletal, and Skin Diseases (NIAMS, Bethesda, MD). We
designed a separate Sequenom iPlex pool and genotyped the same 22
SNPs in the CANADA-II collection at the Analytic Genetics Technology
Centre (Toronto, Canada). We designed a separate Sequenom iPlex pool
and genotyped the same 22 SNPs in the UKRAG collection at the Arthritis
Research Campaign (arc)-Epidemiology Unit, University of Manchester
(Manchester, United Kngdom). We genotyped the 22 SNPs in the GCI and
LUMC collections using the kinetic PCR platform?é at Celera Diagnostics
(Alameda, CA). We genotyped these 22 SNPs in the NHS collection using
the BioTrove multiplex SNP genotyping assay at the Nurses Health Study
(Boston, MA). We obtained genotype data generated at the Broad Institute
for these SNPs from previously generated GWA data on the Affymetrix 6.0
platform for BRASS cases and controls; we extracted genotypes or
proxies for the 22 SNPs of interest. We genotyped NARAC-III cases with
the Illlumina 317K array at the Feinstein Institute; we obtained publicly
available genotype data on the same platform for shared controls after an
official application to a Parkinson’s Disease consortium and lllumina

Genotype Control Database (www.illumina.com). We genotyped CANADA

cases and controls with the lllumina 370K array at lllumina in San Diego,
CA. We extracted or imputed genotypes for the 22 SNPs of interest for the

NARAC-IIl and CANADA collections using IMPUTEZ.

b. SNP Proxies. Under certain circumstances, where an assay failed or was
unavailable, we utilized proxy SNPs in lieu of the selected SNP. All proxy
SNPs were in strong LD with the selected SNP with r2 =1.0 in CEU

population of the Phase || Hapmap. We used the following proxies for

11
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selected subsets of patient collections: rs12405671 (for rs11586238);
rs12465751 (for rs13393256), rs12569358 (for rs10919563); rs1675766
(for rs2614394); rs2056626 (for rs1773560); rs3821236 (for rs11893432);
rs4755453 (for rs540386); rs4839491 (for rs4272626); rs6809087 (for
rs4535211); rs7110197 (for rs2276418); rs7257871 (for rs3176767);
rs7426056 (for rs1980422); rs7529225 and rs7539468 (for rs12746613);

and rs9360720 (for rs9359049).

¢. Quality Control. For each collection we applied stringent quality control
criteria. We required that each SNP pass the following criteria for each
collection separately: (1) genotype missing rate < 10%, (2) minor allele
frequency > 1%, and (3) Hardy-Weinberg equilibrium with p>10-3. We also
excluded individuals with data missing for > 10% of SNPs passing quality

control.

D. Correcting for case-control stratification. Since the CANADA-II, EIRA-II, GClI,
GENRA, LUMC, NHS, and UKRAG collections consisted of cases and controls
that were drawn from well-matched populations or were already matched on
epidemiological factors, we did not pursue further strategies to correct for potential
case-control stratification. The CANADA, BRASS, NARAC-II, NARAC-II
collections each included shared controls - we therefore used additional matching

based on ancestry informative markers to correct for potential stratification.

a. We matched BRASS cases to AMD, MIGEN, and MS controls using
ancestry informative markers from available genome-wide SNP data. We
used available data from the Affymetix 6.0 from the Broad Institute that has

been used to genotype these samples, and selected a subset of SNPs

12
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passing stringent case control criteria. We used the resulting set of
681,637 SNPs to define genetic eigenvectors with Eigenstrat?’. Eigenstrat
first removed distinct genotypic outliers. We observed significant case-
control stratification along the first two eigenvectors. Both correlated with
the lactase (LCT) region, known to stratify heavily across different
European populations. To match cases and controls we utilized the
following strategy: (1) lterated through cases randomly, (2) For each case
we selected the closest control that had not yet been selected in the
Euclidean space of the top two Eigenvectors, and (3) Iterated until a total
of 3 controls were selected for each case. The resulting collection of cases

and controls demonstrated minimal case-control stratification.

b. Similarly for NARAC-II we used data for 760 ancestry informative SNPs for
the cases and controls?8. These markers had been selected for their
efficiency in separating northern and southern European populations. We
used this data to run Eigenstrat. Eigenstrat removed distinct genotypic
outliers. Significant stratification was observed only along the first
eigenvector. We used a similar strategy to that described above for the
BRASS collection, except we used only one eigenvector and selected only

1.5 controls per case.

¢. Asimilar strategy was also used from the NARAC-III GWA study.
Genotype data from GWAS studies were available for 269,771 SNPs that
had passed quality control in each of the case and control sub-collections
in NARAC-IIIl. These SNPs were used as ancestry informative markers.
We used Eigenstrat to remove genetically distinct markers, and then

defined genetic principal components. We observed significant case-

13
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control stratification along the top two eigenvectors. We applied the
strategy described above to match controls to remaining cases; in this
case we selected 1.5 controls per case based on matching on the top two
eigenvectors. This analysis of this collection and the resulting samples are

identical as those reported elsewherel.

d. For the CANADA study, we used a similar strategy. Genotype data was
available for GWAS for 269,771 SNPs that passed strict quality control
criteria. These SNPs were used as ancestry informative markers. We used
Eigenstrat to remove genetically distinct markers, and then defined genetic
principal components. We observed significant case-control stratification
along the top two eigenvectors. We applied the strategy described above
to match controls to remaining cases; in this case we selected 2.5 controls

per case based on matching on the top two eigenvectors.

E. Statistical Analysis

a. Removing Duplicate Samples. We wanted to be certain that there were
duplicate samples (1) within individual studies or (2) across studies that
recruited from the same country. To identify duplicates we used genetic
data from this study. The 22 SNPs from this study alone, especially after
considering failed SNP assays, were generally not specific enough to
confidently identify duplicates. Therefore we also used data on an
additional 18-53 SNPs passing quality control genotyped for a previous
study! for six collections (EIRA-II [28 SNPs], GENRA [28 SNPs], GCI [18
SNPs], LUMC [18 SNPs], NARAC-II [52 SNPs], NHS [53 SNPs]). For

UKRAG, we used a panel of an additional 118 SNPs passing quality

14
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control genotyped for previous studies?9-3¢ in addition to the 17 for this
study. For CANADA-II we only had available data for the 20 SNPs
genotyped for this study available to identify duplicates. For a subset of
collections we used available genome-wide data (BRASS, EIRA, NARAC,
WTCCC, CANADA, NARAC-III). For these data sets we used high
confidence imputations (>0.99 with IMPUTE?) where it was necessary to
compare to SNPs that were not available on the platform. We grouped
collections by country: Canada (CANADA, CANADA-II), United Kingdom
(WTCCC, UKRAG), The Netherlands (GENRA, LUMC), Sweden (EIRA,
EIRA-II), and the United States (NARAC, NARAC-II, NARAC-III, NHS,
BRASS, GCI). We then used the ‘--genome’ option in Plink37 to identify
genetically identical samples within each study and also across studies

recruited from the same country. If a pair of identical samples were
identified, one of the two samples were removed. In total, we removed 86

cases and 43 controls from the replication samples as a result of this step.

b. Assessing significance of SNPs in replication. For each SNP we
conducted an 11 strata one-sided CMH?32 statistical test to assess
significance of allelic association in replication across all replication
samples. We also calculated a CMH odds ratio. Each stratum consisted of
an individual collection. A traditional two sided CMH score provides a
score, ¢, that is distributed under the random model according to the x?

7= \/;-sign[log(ORma )-log(OR. )} @

rep

distribution. To transform the two-sided CMH replication score, to a one
sided replication score, we applied eq. (1) where ORma is the CMH meta-

analysis odds ratio, and ORyep is the CMH replication odds ratio. Under the

15
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null, the z value is distributed as a normal distribution with mean zero, and
variance one. So if the odds ratios are consistent between the replication
and the meta-analysis the z value is positive, otherwise the z value is
negative. We considered those SNPs that obtained a p-value threshold of

0.0023 (=0.05/22) as successfully replicated.

¢. Assessing significance of SNPs in joint analysis. For each SNP we

conducted a stratified two-sided CMH statistical test to assess significance
of allelic association across all available samples from GWAS meta-
analysis and replication collections. In the original publication of the meta-
analysis® we addressed case-control stratification by subdividing NARAC-I
into 396 strata and EIRA-I into 165 strata based on identity-by-state
clustering. The WTCCC samples were placed into a single strata. So
meta-analysis samples contributed a total of 562 strata. Independent
replication samples form this study contributed an additional 11 strata for a
total of 573 strata. In joint analysis, we considered a p-value threshold of 5
x 108 overwhelmingly significant, and indicative of an RA associated

allele.

d. Breslow-Day test of heterogeneity. For each of the SNPs, we calculated
a 14 strata Breslow-Day statistic to assess heterogeneity of effect across
multiple patient collections3®. Each patient collection, either from meta-

analysis or replication, was placed in a single stratum.
e. Testing for interactions. We compiled data for the 22 selected SNPs and
also for 17 validated RA SNPs from 16 loci (2 SNPs from the TNFAIP3

locus, see Table 1, main text) for datasets where genome-wide data was

16
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available (NARAC-I, NARAC-III, EIRA-I, EIRA-Il, WTCCC, CANADA). For
each individual we defined key variables (1) a binary variable indicating
case-control status, (2) five binary indicator variables instantiating the
patient collection the individual was obtained from, (3) 39 SNP variables
ranging from 0-2 indicating the number of minor alleles that the individual
has. For each SNP pair we built a logistic regression model to predict
case-control status based on the indicator variables and the two SNP
variables (a total of 7 variables and an intercept). We tested whether the
log-liklihood of the model was significantly improved by adding an
additional multiplicative pairwise interaction term for those two SNPs. We
conducted a total of 741 (=(39*38)/2) tests. An interaction term was
considered significant only if p<6.7x10% (=0.05/741). For all pairwise tests,
we observed that the addition of an interaction test did not significantly

improve log-liklihood (p>0.005).

f. Conditional Analysis. In a single case where the SNP of interest was
close to a known validated RA risk locus, we conducted conditional
analysis. This situation applied to CD28 (rs1980422) and CTLA4
(rs3087243). We used the same formalism as described in the previous
section to define a two SNP model across seven patient collections from
which genome-wide data was available (WTCCC, CANADA-I, EIRA,
EIRA-II, NARAC-I, NARAC-IIl, BRASS). We define the model as before
with six indicator variables defining patient collection and SNP variables
ranging from 0-2 indicating the minor allele count for an individual. We
tested whether removing any single SNP from the model significantly
worsened the log-liklihood score. We observed that inclusion of both SNPs

to the model over a baseline model resulted in a significant improvement
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(p=7.6 x 10", “Two Locus’ model). Removal of CTLA4 signficantly
worsened the model (p=2.1 x 107, ‘Single Locus/CD28’ model), as did

removal of CD28 (p=3.4 x 10-3, ‘Single Locus/CTLA4" model).
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Supplementary Figure 1.
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Supplementary Figure 1. Receiver-operator curve for GRAIL’s ability to identify
novel RA loci. \We selected 12 loci associated with RA, not included in GRAIL's
literature database. We scored them against other independent validated RA SNPs. For
comparison we also scored 10,000 random SNPs. For multiple pext thresholds we
calculated sensitivity (true positive rate) using these 12 loci and specificity (1 — false

positive rate) using 10,000 random SNPs.
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Supplementary Figure 2.
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Supplementary Figure 2. GRAIL score differences based on implementation. Here
we plot the GRAIL scores for the implementation used in this paper (x-axis) and the
published implementation (Raychaudhuri et al PLOS Genetics 2009) which uses a
slightly different statistical model to identify functional connectivity. We note that scores
are highly correlated (non-parametric Spearman correlation=0.84). Out of 179 loci, 144

score >0.1 with both implementations.
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Supplementary Table 1.

Validated RA Locus Representative GRAIL Score Candidate
Allele (SNPs) Gene
1p13.2* rs2476601 0.0043 PTPN22
1p36.13* rs2240340 0.0012 PADI4
1p36.32 rs3890745 1.00E-06 TNFRSF14
1923.3 rs6682654 0.0012 CD244
2033.2* rs3087243 3.00E-07 CTLA4
2q32.3 rs7574865 1.40E-04 STAT4
4927 rs6822844 1.10E-05 L2 iLz1
6923.3 rs10499194, 9.10E-05 TNFAIP3
rs6920220
6p21.32 (MHC class II)* rs6457620 0.0043 HLA-DRA
7921.2 rs42041 0.25 CDK6
9q33.2 rs3761847 2.30E-04 TRAF1
9p13.3 rs2812378 4.50E-05 ccL21
10p15.1 rs4750316 0.0018 PRKCQ
12913.3 rs1678542 0.15 B4GALNT1
20g13.12 rs4810485 8.40E-06 CD40
22g12.3 rs3218253 6.10E-04 IL2ZRB

Supplementary Table 1. Known associated RA risk loci and their GRAIL score.
Here we scored each of the sixteen known associated loci against the other loci with
GRAIL. The first two columns describe the locus and a published SNP representing the
locus. The GRAIL score is listed in the third column. In the fourth column we list the most
connected nearby gene identified by GRAIL. *Loci known prior to December 2006 -
these were excluded from the analysis described in the main text, since their association

to RA was included in publications contained in the GRAIL text database.

23



RA Risk Variants at CD28, PRDM1, and CD2/CD58. Raychaudhuri et al

Supplementary Table 2
SNP Chr Meta-Analysis GRAIL p Gene Previously
P Genotyped
rs4272626 1 3.5E-04 0.0079 NHLH2
rs11586238 1 2.0E-04 2.0E-05 CD2, IGSF2,
CD58
rs12746613 1 9.1E-04 2.4E-05 FCGR2A
rs1773560 1 4.4E-04 6.1E-05 CD247
rs10919563 1 3.8E-04 4.0E-06 PTPRC
rs13393256 2 6.9E-04 6.1E-05 TTC7A
rs7579737 2 8.2E-04 1.6E-05 IL1RL1
rs1980422 2 4.2E-05 2.3E-07 CD28 Assay Failed
rs4535211 3 4.4E-04 0.0079 PLCL2
rs231707 4 6.0E-04 1.2E-05 TNIP2
rs9359049 6 2.7E-05 0.0079 CD109
rs548234 6 3.4E-04 0.0016 PRDM1
rs394581 6 5.6E-04 0.0039 TAGAP
rs10282458 7 9.1E-04 0.0039 RARRES2
rs7041422 9 4.7E-04 0.0023 IFNB1
rs540386 11 6.1E-04 1.1E-06 RAG1, TRAF6
rs2276418 11 4.0E-04 2.0E-05 CD3G
rs2614394 12 9.8E-05 1.2E-05 IRAK4 Stage 1 only
rs9564915 13 4.3E-04 0.00024 PIBF1
rs7234029 18 1.9E-04 0.0079 PTPN2
rs892188 19 4.6E-05 4.4E-05 ICAM1, ICAM3 | Assay Failed
rs3176767 19 1.0E-04 4.4E-05 ICAM1, ICAM3

Supplementary Table 2. 22 Candidate SNPs identified by GRAIL. We identified 22
SNPs out of 179 with compelling GRAIL scores. In the first two columns we list

information about the SNP. In the third column we list the meta-analysis p-value; we
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selected only snps with p < 0.001. The third column lists the GRAIL score; we list only
those SNPs with GRAIL p <0.01. In the fifth column we list the gene most connected to
other RA associated loci as identified by GRAIL. In the final column we list efforts to
genotype these SNPs in the original meta-analysis publication (Raychaudhuri et at

2008).
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Supplementary Table 3.

Case

Case Collection Control Collection Case Origin Antibody Cases Controls Genotyping Case-lc'ontrols
Platform Stratification
Status
'Iznp\;:zg‘ég%gn'cg Epidemiologically
Meta-Analysis . s EIRA Sweden 100% CCP+ 660 658 lllumina 317K Matched, Identity By
Rheumatoid Arthritis State Clusteri
(EIRA) ¢ Liustering
. North American Shared Controls (New .
1 g ’zgg (c‘,::rs\teri’ls Rheumatoid Arthritis York Cancer Project, New  North America 100% CCP+ 873 1196 lllumina 550K Idegtl':};&'iftate
’ Consortium (NARAC) York City) 9
Wellcome Trust Case Shared Controls (multiple . 5 .
Control Consortium non-autoimmune diseases K%n':j%dm sg 4/:/ CF?FP:’ 1860 10606 Affymetrix 500K Gecljv?:cphrzgally
(WTCCC) from WTCCC) 9 °
Brigham Rheumatoid Shared Controls Case-Control
Arthritis Sequential Study (Unaffected individuals Boston, USA 100% CCP+ 485 1455 Affymetrix 6.0 Matching with GWAS
(BRASS) from 3 Studies) data
Controls from Toronto, Case-Control
— Canada and Shared Toronto, 5 . ’ .
Replication CANADA Controls (Unaffected Canada 100% CCP+ 589 1472 lllumina 370K Matchmg:j;vtgh GWAS
individuals from 1 Study)
TEITEIID Geographicall
CANADA-II CANADA I Halifax, 100% CCP+ 695 1233 Sequenom iPlex grap y
Matched
Canada
7.957 Cases; 3 3 5 . Epidemiologically
11,958 Controls EIRA-II EIRA-II Sweden 100% CCP+ 437 407 Sequenom iPlex Matched
Genetics Network Amsterdam, Geoaraphicall
Rheumatology Amsterdam GENRA The 100% CCP+ 549 1219 Sequenom iPlex N?atcphe g y
(GENRA) Netherlands
Genomics Collaborative . o N Epidemiologically
Initiative (GCI) GClI North America 100% RF+ 460 465 Kinetic PCR Matched
Leiden University Medical Leiden, The 100% RF+ or . Geographically
Center (LUMC) LI Netherlands CcCP+ il ol IS (O Matched
Shared Controls (New I\(ZZtscer;iior::/ri?rlw
NARAC-II York Cancer Project, New  North America 100% CCP+ 487 733 Sequenom iPlex 'ng .
. Ancestry informative
York City)
markers
Case-Control
NARAC-III SEIEE] oS North America  100% CCP+ 865 1303 llumina 317K Matching with GWAS
(Publically available) data
Nurses Health Study . 100% RF+ or Biotrove Epidemiologically
(NHS) NHS North America CCP+ 294 506 OpenArray Matched
United Kingdom . .
) . United 100% RF+ or . Geographically
Rheumatoid Arthritis UKRAG Kingdom CCP+ 2785 2624 Sequenom iPlex Matched

Genetics (UKRAG)




Supplementary Table 3. Patient collections. The GWAS meta-analysis derived from three collections. The replication set derived from
eleven patient collections. For each collection we list the geographic origin, the source of the controls, the autoantibody status of cases, and
the number of cases and controls. We list the genotyping technology used to type SNPs of interest. Finally, we specify the strategy used to

correct for case-control population stratification.



Supplementary Table 4.

SNP CHR Gene BRASS CANADA CANADA EIRA I GENRA GClI (2) LUMC (2) NARACII NARAC NHS (2) UKRAG All (2) All (p)
2 (2 (2 (2 (2 (2 i (2) (2)
rs4272626 1p13.1 NHLH2 -1.04 1.72 1.78 0.62 0.13 1.99 -2.03 - -0.06 1.04 0.94 1.73 0.042
rs11586238 1p13.1 CD2, IGSF2, 0.98 2.51 2.86 0.31 1.36 -0.03 0.76 3.54 2.09 -0.35 1.22 4.69 1.4E-06
CD58
rs12746613 1923.3 FCGR2A 0.38 1.05 - -1.38 -1.34 -0.21 0.43 1.78 2.4 0.62 2.86 2.85 0.0022
rs1773560 1924.2 CD247 -0.85 1.60 0.27 -0.72 1.1 0.31 1.47 1.04 1.27 0.36 0.71 2.02 0.021
rs10919563 1931.3 PTPRC -0.48 1.66 1.15 1.77 1.06 1.73 0.30 1.23 1.82 -0.07 1.34 3.47 0.00026
rs13393256 2p21 TTC7A 0.27 0.36 -1.55 -0.45 2.31 -0.50 -0.04 -0.81 0.57 _ 0.142 0.44
rs7579737 2q12.1 IL1RL1 -1.62 -0.48 -0.93 -1.51 -0.86 -0.66 0.16 -0.29 -1.29 1.07 0.65 -1.51 0.93
rs1980422 2g33.2 CcD28 0.52 0.87 1.93 0.81 1.24 1.67 1.69 -0.99 2.09 0.36 3.02 4.43 4.7E-06
rs4535211 3p24.3 PLCL2 1.58 1.48 0.64 -0.98 1.04 0.34 1.61 0.55 -0.12 0.37 0.77 2.18 0.015
rs231707 4p16.3 TNIP2 1.80 0.83 0.63 0.07 0.79 0.69 1.22 1.88 0.09 -0.63 -0.56 1.66 0.048
rs9359049 6q13 CcD109 -0.31 -1.43 -1.47 -0.47 0.32 _ -0.63 -1.12 0.05 -1.53 0.94
rs548234 6q21 PRDM1 1.71 1.10 1.07 1.26 1.30 2.99 -0.72 1.49 -0.19 1.60 2.35 4.22 1.2E-05
rs394581 6qg25.3 TAGAP -0.21 0.70 0.44 1.21 1.28 0.29 2.92 1.22 1.27 -0.80 2.73 3.62 0.00015
rs10282458 7q36.1 RARRES2 1.15 0.33 -1.36 -1.35 0.85 -1.04 1.14 2.89 -0.24 0.75 0.23
rs7041422 9p21.3 IFNB1 0.44 -0.07 0.78 0.82 0.08 0.07 0.86 -0.00 -0.33 -0.13 0.71 0.24
rs540386 11p12 RAG1, TRAF6 1.27 -0.38 0.19 -0.19 2.54 0.74 0.46 0.70 3.37 217 0.28 3.14 0.00083
rs2276418 11923.3 CD3G 0.64 -0.54 -1.59 -0.28 0.96 -0.95 0.43 -0.43 0.43 2.19 2.54 1.43 0.077
rs2614394 12q12 IRAK4 -0.14 -1.65 _ -0.60 -0.68 -1.24 - 0.34 _ -1.52 0.94
rs9564915 13qg22.1 PIBF1 -0.12 0.07 -1.39 0.45 -0.01 -1.83 -0.31 -0.14 0.43 0.52 2.25 0.62 0.27
rs7234029 18p11.21 PTPN2 0.65 0.84 0.74 1.91 1.26 1.00 0.31 -1.33 -0.40 1.09 1.39 224 0.013
rs892188 19p13.2 ICAM1, ICAM3 0.34 1.18 0.90 0.74 0.88 -1.82 1.21 0.19 0.41 1.44 - 1.73 0.041
rs3176767 19p13.2 ICAM1, ICAM3 -0.35 1.00 -0.30 1.61 -0.05 0.70 0.93 -0.16 -0.08 1.20 0.65 1.31 0.095




Supplementary Table 4. Genotyping results by individual patient collection. For each of the 22 SNPs that we pursued in this study, we list
information describing the SNP in the first three columns including the SNP ID, location, and candidate genes identified by GRAIL. For each
patient collection we list a z-score suggesting the strength of association for that SNP. A positive z-score suggests that the direction of
association is consistent with that of the original meta-analysis. Boxes are highlighted in yellow if z>1.63, corresponding to p<0.05. Boxes are
grey if genotype data was not available (N/A) due to failure to pass quality control criteria. In the final two columns we list the aggregate z-score

from all replication samples and the corresponding one-tailed p-value - for 13 out of 22 SNPs z>1.63.



Supplementary Table 5.

Locus Result Baseline Model Single Locus/CD28 Single Locus/CTLA4 Two Locus
rSSg?ZijS / Odds Ratio 0.875 (0.837-0.916) | 0.886 (0.846- 0.927)
r‘°’1%%)24§2 / Odds Ratio 1.108 (1.053 - 1.166) 1.081 (1.026- 1.138)

2xLL 24966.8 24951.5 24933.1 24924.5

Model vs Two

7.6 x 10-11 2.1 x107 3.4x103
Locus (p)
Model vs 8.8 x 10 6.2x 109 7.6 x 10-11
Baseline (p)

Supplementary Table 5. Conditional Analysis between CTLA4 and CD28 loci. We conducted conditional analysis on the CTLA4 locus and
the CD28 locus. We defined four logistic regression models: (1) a baseline model with only information about the patient collection, (2) a single
locus model with a CD28 allele count, (3) a single locus model with a CTLA4 allele count, and (4) a two locus model with allele counts for both
SNPs. For each model with list the Odds Ratios (=ef) and their 95% confidence intervals for each parameter. We also list the -2 x log likelihood
(LL) fit of their data. The significance in model change can be calculated from the difference in -2 x LL between two models - under the null this
difference is distributed according to the chi-square distribution. For each model, we have calculated the significance of the model’s
improvement in likelihood compared to that of the Baseline Model (Model vs Baseline), and also the significance of the Two Locus model’s
improvement in likelihood over each model (Model vs Two Locus). Given a model with one locus already, addition of the second locus improves

likelihood of the data significantly (p=2.1x10-" for addition of CTLA4 and p=3.4x10- for addition of CD28).
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