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1 The Genomic Risk Score

The model that produces the genomic risk score [1] is given in Supplementary Table 1∗. Also
provided is the intercept β0. The intercept is not required if we are only interested in ranking
patients according to their risk, and do not wish to compare the cutoffs with the results in
the main manuscript. The final score for an individual is

ŷi = β0 +
228∑
j=1

xijβj , (1)

where xij is the genotype for the jth SNP in the ith sample.
The easiest way to produce a risk score for a dataset is using PLINK, as it will take

care to use the correct minor allele. Assuming that the data are called DATA and are in
BED/BIM/FAM format:

plink --noweb --score grs.txt --bfile DATA

which will produce a file named DATA.profile.
The profile file can be read into R, and the predictions written back to the file profile.txt:

d <- read.table("DATA.profile", header=TRUE)

intercept <- -0.757226

d$GRS <- d$SCORE * d$CNT + intercept

write.table(d[, c("FID", "IID", "GRS")],

file="profile.txt", row.names=FALSE, col.names=FALSE)

Note that PLINK divides the profile score by the number of alleles, which we undo by mul-
tiplying by CNT.

∗A PLINK-compatible text file grs.txt is available at http://dx.doi.org/10.6084/m9.figshare.154193.
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2 Estimating Diagnostic Performance of HLA Typing

2.1 Population Estimates

We can estimate sensitivity (sens), specificity (spec), PPV, and NPV from the confusion
matrix tabulating the true positives (TP), false positives (FP), true negatives (TN), and true
positives (TP), as follows: Sens = TP / (TP + FN); Spec = TN / (TN + FP); PPV = TP /
(TP + FP); NPV = TN / (TN + FN). For PPV and NPV, we use the observed prevalence
in the data, hence PPV=precision here.

In the 1% of the population setting, assuming conservatively that 30% of the population
are HLA positive, and that 99.6% of CD-positive individuals are positive for HLA (= 0.996×
0.01 = 0.00996 of the population are true positives), we derive the confusion matrix:

HLA+ HLA−

CD+ TP = 0.00996 FN = 0.00004 True = 0.01
CD− FP = 0.29 TN = 0.7 False = 0.99

Pos = 0.3 Neg = 0.7 Total = 1.00

From this matrix we estimate Sens = 0.996, Spec = 0.707, PPV = 0.033, and NPV = 1.
In the 10% prevalence setting, it has been estimated that 73% of 1st-degree family members

of an index case with celiac disease had HLA DQ2 [41], which we use as a proxy for overall
HLA status due to the lack of individuals with DQ8 in that study and the fact that DQ2
carries most of the CD risk. Celiac disease was diagnosed in 11%, of which all had HLA DQ2.
This leads to the confusion matrix:

DQ2+ DQ2−

CD+ TP = 0.11 FN = 0.00 True = 0.11
CD− FP = 0.62 TN = 0.27 False = 0.89

Pos = 0.73 Neg = 0.27 Total = 1.00

From this matrix we estimate Sens = 1, Spec = 0.3, PPV = 0.151, and NPV = 1.

2.2 HLA Imputation

HLA type information was not available for our data. To compare the estimates of PPV/NPV
from the literature with our data, we used the R package HIBAG v1.2.0.1 [35] to impute the
HLA type, based on SNPs in chr6. HIBAG uses ensemble classifiers to predict HLA haplotypes
from genotypes, after having been trained on data with known haplotypes.

The output from HIBAG is in the form of two DQA1 haplotypes and two DQB2 haplotypes
(alleles). Note that allele 1 and allele 2 are not phased, that is, allele 1 for DQA1 is not
necessarily on the same chromosome as allele 1 for DQB1. We then combined the alleles
using the following rules to derive the imputed HLA-DQ2/DQ8/DQ2.5 heterodimers for each
sample:
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• DQ2.2: DQA1*02:01 / DQB1*02:02

• DQ8: DQA1*03:01, X / DQB1*03:02, Y

• DQ2.5 homozygous: DQA1*05, 05 / DQB1*02, 02

• DQ2.5 heterozygous: DQA1*05, X / DQB1*02, Y, where X and Y are any alleles
(except for X=05 and Y=02 that would make the type DQ2.5 homozygous)

Note that for each rule, there may be several allele configurations that need to be tested
due to missing phase information. For example, for DQ2.2 there are four configurations that
could lead to the same observed heterodimer:

• DQA1 allele 1 = 02:01, DQB1 allele 1 = 02:02

• DQA1 allele 2 = 02:01, DQB1 allele 1 = 02:02

• DQA1 allele 1 = 02:01, DQB1 allele 2 = 02:02

• DQA1 allele 2 = 02:01, DQB1 allele 2 = 02:02

2.2.1 Presence/Absence of Imputed CD Risk Heterodimers

Current clinical practice in CD diagnosis is the use of DQ2.2 / DQ8 / DQ2.5 heterodimer sta-
tus as a binary variable (presence/absence), for exclusion of CD in individuals with suspected
CD. Applying the same logic as in Supplementary Section 2.1, we derived the confusion tables
for the UK1 and UK2 datasets:

UK1 UK2

Pheno. HLA+ HLA− HLA+ HLA−

CD+ TP = 0.3514 FN = 0.0023 True = 0.3536 TP = 0.2648 FN = 0.0077 True = 0.2725
CD- FP = 0.3718 TN = 0.2745 False = 0.6464 FP = 0.4217 TN = 0.3058 False = 0.7275

Pos = 0.7232 Neg = 0.2768 Total = 1 Pos = 0.6865 Neg = 0.3135 Total = 1

Assuming a prevalence of K = 1%, we obtain PPV of 0.017 for both UK1 and UK2, and
an NPV of 0.9998 and 0.9993 for UK1 and UK2, respectively. For prevalence of K = 10%,
PPV=16% and NPV=99% for both UK1 and UK2, largely in agreement with literature-based
estimates (Supplementary Section 2.1)

3 Analysis of CD Predictive Performance

We compared the predictive performance of several methods based on SNPs, haplotypes, and
combinations of SNPs and haplotypes (Supplementary Figure 2):

• SparSNP (`1-penalized SVM) on all autosomal SNPs (denoted GRS All).

• SparSNP on all MHC SNPs, defined as chr6 29.7Mb–33.3Mb (denoted GRS MHC ).
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• SparSNP on all non-MHC SNPs, defined as all autosomal SNPs outside the above MHC
range (denoted GRS non-MHC ).

• Unpenalized logistic regression on the heterodimer types inferred from the HLA haplo-
types (using HIBAG), categorized into three groups: high risk (HLA-DQ2.5 homozygous
or DQ2.2/DQ2.5), low risk (HLA-DQ2/DQ8 negative), and medium risk (all others) [21]
(denoted Romanos HLA).

• The Romanos 3-level HLA approach together with a weighted risk score defined by 57
non-HLA Immunochip SNPs, with weights given in the original publication [21] (denoted
Romanos HLA+57 SNPs). This was only available for the Immunochip dataset.

• Unpenalized logistic regression on a set of individual SNPs that tag known HLA haplo-
types [36] (rs2395182, rs7775228, rs2187668, rs4639334, rs7454108, and rs4713586). For
the UK2, Finn, IT, and NL datasets, 5 out of the 6 SNPs were present or had proxies
with perfect LD (r2 = 1). One remaining SNP, rs4639334, could not be tagged, but is a
marker for HLA-DQ7, a low-risk haplotype for CD. For the UK1 dataset, three assayed
SNPs were assayed (rs2395182, rs7775228, rs2187668) and were also in the UK2 dataset.
This model was denoted Monsuur HLA SNPs.

For the comparison of the UK2→UK1 and UK2→Immunochip performance, we used the
SNPs common to each pair of datasets, respectively, and excluded related individuals (see
main Methods section). The SparSNP models were optimized using 10×10-fold validation on
the UK2 dataset, and the best model was applied to the other datasets without any further
tuning. For the Monsuur HLA SNPs and Romanos HLA methods, we used a similar approach
were the model was trained using logistic regression on the UK2 dataset (we report cross-
validation results), and externally validated on the other datasets. For the Romanos HLA
+ 57 SNPs, we used logistic regression in the Immunochip data, modeling both the HLA
type and the risk score given by the non-HLA SNPs as in the original publication, within
cross-validation.

4 Checking for Confounding by Population Stratification

We used smartpca from EIGENSOFT 4.2 [67] to estimate the top 10 principal components
for the UK2 dataset. Prior to running PCA, we further reduced the QCd UK2 data to remove
regions of known high LD or inversions [73]:

• Excluded regions: chr5: 44Mb–51.5Mb, chr6: 25Mb–33.5Mb, chr8: 8Mb–12Mb, chr11:
45Mb–57Mb.

• Thinned the SNPs by LD (r2 < 0.2) using plink --indep-pairwise 1500 150 0.2.

In smartpca, we also used the option nsnpldregress:5 to further account for LD. This
left 98,983 autosomal SNPs from which the final PCs were determined.

First, we examined whether the top 10 PCs were themselves predictive of case/control status
in cross-validation, using unpenalized logistic regression (R package rms [74]). The 10 PCs
were essentially non-predictive of case/control status (average AUC=0.52 in 200 bootstrap
replications).
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Second, we trained L1-penalized models on the original UK2 dataset (after removing the
outliers) together with the 10 PCs as covariables. The PCs were allowed to enter the model
in the training phase, however, in testing the PCs were ignored, i.e., the final predictor is
composed of SNPs only, so that any predictive information contained in the PCs will not
contribute to the final estimates of AUC, and if the PCs are highly predictive (at the expense
of the SNPs), this will manifest as low AUC, indicating strong confounding by population
structure. On the other hand, if AUC remains high, this indicates that the SNPs successfully
account for case/control status despite removing the population effects, and that population
structure is not an important factor in the predictive power of this model. After cross-
validation, we took the best SNP model, and externally validated it on the other datasets.

Supplementary Figure 5a shows the cross-validated AUC for the UK2 model accounting for
the 10 PCs, showing essentially no difference in AUC between that model and the original
model without the PCs. External validation is shown in Supplementary Figure 5b, demon-
strating that the high predictive ability for the model accounting for the 10 PCs is conserved
in the other datasets. Together, these results strongly indicate that population stratification
does not play any substantial role in the high predictive ability of these models.
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5 Supplementary Figures

Figure 1: LOESS-smoothed AUC in 10× 10-fold cross-validation for the random subsamples
of the UK2 dataset, in increasing sample size proportions of the original data (n =
6785).
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Figure 2: Results of externally validating the predictive models, trained on UK2 in cross-
validation, and tested on the other CD datasets. Legend: Romanos HLA: 3-levels
of risk (low, medium, high) [21] based on imputed HLA type (HIBAG); Romanos
HLA + 57 SNPs (Immunochip only): 3-level HLA risk plus 57 Immunochip non-
HLA SNPs [21]; Monsuur HLA SNPs: logistic regression on individual HLA SNPs
[36] (5/6 SNPs or proxies thereof were found in the UK2/Finn/NL/IT datasets, 3/6
were found in the subset of UK1 shared with UK2); GRS MHC SNPs: SparSNP run
on individual SNPs on chr6 within 29.7Mb33.3Mb; GRS non-MHC SNPs: SparSNP
run on individual autosomal SNPs outside MHC; GRS all SNPs: SparSNP run on
all autosomal SNPs.
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Figure 3: ROC curves for CD model trained on SNP subsets of the UK2 dataset that were
assayed for the WTCCC-T1D dataset: All SNPs (76,847 SNPS), MHC SNPs (186
SNPs in the MHC region of chr6, 29.7–33.3Mb), and Non-MHC SNPs (76,661 SNPs
outside the MHC).
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Figure 4: Calibration plots, comparing predicted score in 5% quantiles against observed pro-
portions of cases falling within the bin. The score comes from models trained on the
UK2 dataset, and tested on the rest of the datasets. The bars show 95% confidence
intervals using the Agresti-Coull method for proportions. We randomly split the
test datasets into two halves. In the first half, we plotted the original quantiles
of the scores and fitted a LOESS smooth to them. We did this for the original
case/control data (prevalence of 40%), shown in (a), and for a subsampled version
of the data with prevalence of 10% (c). We then used the LOESS smooth to correct
the original quantiles, forming a calibrated score, one for each dataset (Finn, IT,
NL, UK1), which was then applied to the second half of the data, shown in (b) and
(d) for prevalence of 40% and 10% respectively. The second half of the data was
not used in the calibration step.
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Figure 5: (a) LOESS-smoothed AUC from 10-fold cross-validation for the UK2 model (all
autosomal SNPs), accounting for the top 10 PCs (included in training but not in
testing). (b) External validation of the best UK2 model that accounted for the PCs
(PCs excluded from testing).
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6 Supplementary Tables

Supplementary Table 1: The predictive model. The SNPs are sorted in decreasing order of
the absolute value of their model weight averaged over the 10 10 cross-validation folds. Stabil-
ity is the percentage of times a SNP was selected to have non-zero weight over the 10 10-cross-
validation folds. Intercept: 0.757226. To annotate the SNPs we used Bioconductor 2.12 to-
gether with the packages VariantAnnotation 1.6.5 and TxDb.Hsapiens.UCSC.hg18.knownGene
2.9.0. We considered a SNP to be genic if it was annotated to fall inside one of the re-
gions spliceSite, intron, fiveUTR, threeUTR, coding, promoter and intergenic otherwise.
For intergenic SNPs, we also annotate the nearest gene and the distance to it. All posi-
tions are in hg18 coordinates. A PLINK-compatible text file grs.txt is available at http:

//dx.doi.org/10.6084/m9.figshare.154193.

Supplementary Table 2: Summary of screening results at different prevalence levels for the
combined dataset Finn+IT+NL dataset, using different cutoffs to declare the samples as
disease cases (expressed as % of the population). Note that smaller cutoffs lead to stricter
definitions of disease cases.
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Supplementary Table 1

# RS Chr BP Ref Weight Stab. (%) GeneSymbol Location Dist. (bp)

1 rs2187668 6 32713862 T 0.213782 100 HLA-DQA1 Genic
2 rs9357152 6 32772938 C −0.151141 100 HLA-DQB1 Intergenic 30575
3 rs3099844 6 31556955 T 0.095107 100 MICB Intergenic 16994
4 rs3129962 6 32487361 A 0.091648 88 BTNL2 Intergenic 4482
5 rs3129763 6 32698903 T 0.088432 100 HLA-DQA1 Intergenic 14310
6 rs1063355 6 32735692 A −0.086255 100 HLA-DQB1 Genic
7 rs2858308 6 32777978 T 0.057213 100 HLA-DQB1 Intergenic 35615
8 rs7765379 6 32788906 C −0.048124 100 HLA-DQA2 Intergenic 28292
9 rs1794282 6 32774504 T 0.047955 100 HLA-DQB1 Intergenic 32141
10 rs9275224 6 32767856 C −0.047468 100 HLA-DQB1 Intergenic 25493
11 rs2064478 6 33180244 T 0.043888 98 HLA-DPB2 Intergenic 8029
12 rs204999 6 32217957 C 0.037645 100 PRRT1 Intergenic 6510
13 rs17211510 6 32710408 A −0.035793 100 HLA-DQA1 Intergenic 2805
14 rs9368699 6 31910520 G −0.035638 89 C6orf48, SNORD48 Genic
15 rs2856997 6 32889754 T −0.026079 100 HLA-DOB Genic
16 rs17620389 6 38642407 G 0.025118 70 BTBD9 Genic
17 rs13098911 3 46210205 T 0.024216 96 CCR3 Genic
18 rs1559810 3 189607048 T 0.023239 99 LPP Genic
19 rs9851967 3 189570322 T −0.023087 100 LPP Genic
20 rs2327832 6 138014761 C 0.022413 99 OLIG3 Intergenic 157760
21 rs429916 6 33086565 A 0.020479 99 HLA-DOA Genic
22 rs2162610 2 204426974 C 0.020260 97 CTLA4 Intergenic 13936
23 rs6090314 20 61327997 T 0.019180 96 BIRC7 Intergenic 9896
24 rs10798176 1 170942148 C −0.017969 97 FASLG Intergenic 40368
25 rs302483 5 88179847 G −0.017305 57 MEF2C Genic
26 rs13100170 3 97139125 G 0.017101 90 EPHA6 Intergenic 877032
27 rs2635299 4 118762806 C −0.017007 99 NDST3 Intergenic 431707
28 rs17095255 10 118543853 A −0.016682 61 HSPA12A Genic
29 rs17021444 1 104695375 C −0.015603 90 AMY1A Intergenic 592571
30 rs9276502 6 32827644 C 0.015514 74 HLA-DQB2 Intergenic 4563
31 rs10203407 2 66552300 T −0.014764 33 MEIS1 Genic
32 rs204990 6 32269408 A 0.014194 96 GPSM3 Genic
33 rs12086216 1 104601817 T −0.014020 69 AMY1A Intergenic 499013
34 rs2849015 6 32306914 A 0.013608 98 NOTCH4 Intergenic 7230
35 rs16889229 4 13417061 T 0.013509 69 BOD1L1 Intergenic 178751
36 rs36253 19 8230893 G 0.013407 76 CERS4 Genic
37 rs404890 6 32306845 A 0.013205 38 NOTCH4 Intergenic 7161
38 rs9811792 3 161179692 C 0.013039 91 IL12A Intergenic 9845
39 rs12915188 15 98730436 A −0.012683 88 CERS3 Intergenic 30004
40 rs1368910 2 80083549 C −0.012608 65 CTNNA2 Genic
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(continued)

# RS Chr BP Ref Weight Stab. (%) GeneSymbol Location Dist. (bp)

41 rs224612 11 32019805 A −0.012604 81 RCN1 Intergenic 49513
42 rs7762279 6 32863268 C 0.012532 74 HLA-DQB2 Intergenic 24042
43 rs2031341 10 10626295 A −0.012285 87 CELF2 Intergenic 461061
44 rs2473520 6 139472753 T −0.011833 79 HECA Intergenic 25473
45 rs877345 10 8093782 C 0.011817 44 TAF3 Genic
46 rs760883 6 16733599 T −0.011505 73 ATXN1 Genic
47 rs6865418 5 150567539 A −0.011444 50 CCDC69 Genic
48 rs1889548 1 94275785 T −0.011227 79 ABCA4 Genic
49 rs4835459 4 148966411 G −0.011079 12 ARHGAP10 Genic
50 rs9276472 6 32825202 G 0.011054 66 HLA-DQA2 Intergenic 3052
51 rs1336981 6 152124062 C 0.010885 67 ESR1 Genic
52 rs11659563 18 71979269 C 0.010824 70 ZNF516 Intergenic 224171
53 rs2503661 6 92817083 A −0.010798 79 EPHA7 Intergenic 1192781
54 rs7734102 5 179086403 T 0.010554 75 CANX Genic
55 rs765324 11 10691902 A 0.010531 70 MRVI1 Intergenic 61556
56 rs8118581 20 59323981 A 0.010517 33 CDH4 Genic
57 rs13081814 3 97031445 G 0.010094 66 EPHA6 Intergenic 984712
58 rs12455576 18 52063003 A −0.010086 19 TXNL1 Intergenic 358252
59 rs10736156 10 104009437 G 0.009961 53 GBF1 Genic
60 rs747860 14 64309647 A 0.009861 60 SPTB Genic
61 rs2459444 10 37423602 A 0.009812 79 ANKRD30A Intergenic 31287
62 rs9378200 6 31680906 C −0.009691 71 AIF1 Intergenic 10179
63 rs1353111 11 128780953 C 0.009623 50 BARX2 Genic
64 rs10520062 2 11067829 T 0.009419 37 KCNF1 Intergenic 96340
65 rs11221332 11 127886184 A 0.009196 71 ETS1 Genic
66 rs4741986 9 4413007 G 0.009190 51 SLC1A1 Intergenic 67672
67 rs17144110 7 21246477 A −0.008975 33 SP4 Intergenic 187917
68 rs6933404 6 138000928 C 0.008966 28 OLIG3 Intergenic 143927
69 rs2442749 6 31460019 C 0.008908 69 DDX39B Intergenic 146170
70 rs12653303 5 146863798 C 0.008758 48 DPYSL3 Genic
71 rs7067538 10 109596730 C 0.008358 56 SORCS1 Intergenic 682455
72 rs7026544 9 129818335 T 0.008127 19 FAM102A Intergenic 36097
73 rs3903036 11 24622561 T −0.008114 48 LUZP2 Genic
74 rs1367273 2 7483477 A −0.008067 33 RNF144A Intergenic 386134
75 rs12584486 13 42282533 C 0.007864 43 FAM216B Intergenic 21606
76 rs12542756 8 3114526 C 0.007676 55 CSMD1 Genic
77 rs905426 15 29870041 T 0.007668 55 OTUD7A Genic
78 rs2744718 1 22396314 A 0.007535 35 WNT4 Intergenic 54311
79 rs570854 6 52320209 G 0.007503 62 PAQR8 Intergenic 55761
80 rs17775775 10 115660803 G −0.007434 21 NHLRC2 Intergenic 2517
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(continued)

# RS Chr BP Ref Weight Stab. (%) GeneSymbol Location Dist. (bp)

81 rs1596161 15 99086254 C 0.007290 35 ASB7 Intergenic 80063
82 rs2377127 5 118288687 G 0.007276 36 DTWD2 Genic
83 rs354751 20 58338889 G 0.007180 49 C20orf197 Intergenic 259530
84 rs2301226 6 33142574 A −0.007174 56 HLA-DPA1 Genic
85 rs4290865 4 92883724 A −0.007153 54 CCSER1 Intergenic 144492
86 rs13435654 4 7490276 A 0.007103 41 SORCS2 Genic
87 rs1738074 6 159385965 T 0.007066 60 TAGAP Genic
88 rs6889648 5 169564839 A 0.007043 28 C5orf58 Intergenic 28878
89 rs618019 20 47840534 T 0.007005 30 SLC9A8 Intergenic 22332
90 rs10026953 4 147683155 T 0.006977 34 SLC10A7 Intergenic 20835
91 rs11203203 21 42709255 T 0.006974 57 UBASH3A Genic
92 rs3852253 7 18832715 G 0.006897 29 HDAC9 Genic
93 rs3748816 1 2516606 C −0.006724 61 MMEL1 Genic
94 rs2219893 6 32877641 C −0.006629 62 HLA-DOB Intergenic 11329
95 rs138179 22 44523840 A 0.006614 41 ATXN10 Genic
96 rs4468578 15 32192404 T −0.006541 39 PGBD4 Intergenic 8621
97 rs17072702 4 183213759 G 0.006464 36 TENM3 Intergenic 268408
98 rs1035597 18 30741953 T −0.006450 37 DTNA Intergenic 17550
99 rs2346391 17 28343273 G −0.006354 58 SPACA3 Genic
100 rs2351643 8 63239550 A −0.006308 44 NKAIN3 Intergenic 84636
101 rs693955 6 44299898 A −0.006173 28 SLC29A1 Genic
102 rs1464459 1 235911706 T 0.006142 45 RYR2 Genic
103 rs4851610 2 102501084 G 0.006103 52 SLC9A4 Genic
104 rs12639104 3 148900311 T −0.006080 25 ZIC1 Intergenic 286282
105 rs11863993 16 5726576 G −0.005952 48 ALG1 Intergenic 651692
106 rs4665072 2 160031937 T −0.005922 50 BAZ2B Genic
107 rs1429248 2 155060456 T −0.005912 25 GALNT13 Intergenic 45146
108 rs1133045 7 76762152 C −0.005911 28 CCDC146 Genic
109 rs673567 1 18150844 G −0.005861 43 ACTL8 Intergenic 125242
110 rs1172990 9 92569628 A −0.005845 36 SYK Intergenic 76373
111 rs4652825 1 182059946 G −0.005777 36 RGL1 Genic
112 rs10009456 4 136314125 A 0.005765 53 PABPC4L Intergenic 972500
113 rs1550305 3 117027353 T 0.005750 23 LSAMP Genic
114 rs6937046 6 165086231 C 0.005682 36 C6orf118 Intergenic 527304
115 rs7684552 4 16691100 T 0.005627 21 LDB2 Intergenic 181893
116 rs17761155 17 1380663 G 0.005579 18 PITPNA Genic
117 rs7205534 16 80759119 G −0.005548 44 MPHOSPH6 Genic
118 rs748832 3 16826206 G −0.005533 37 PLCL2 Genic
119 rs10237550 7 112845911 T −0.005492 44 PPP1R3A Intergenic 459102
120 rs3744647 17 8165001 T −0.005424 48 ARHGEF15 Genic

3



(continued)

# RS Chr BP Ref Weight Stab. (%) GeneSymbol Location Dist. (bp)

121 rs13314993 3 32990473 G 0.005422 61 CCR4 Intergenic 19471
122 rs7937334 11 117696484 T 0.005386 32 CD3E Intergenic 5016
123 rs7137478 12 83773349 T −0.005359 36 SLC6A15 Intergenic 6192
124 rs753507 13 23329745 T 0.005314 31 MIPEP Genic
125 rs305522 3 11990313 C 0.005305 27 SYN2 Intergenic 30712
126 rs12361949 11 7152914 C −0.005288 38 SYT9 Intergenic 77079
127 rs1945921 11 130467592 G −0.005256 39 SNX19 Intergenic 176547
128 rs735890 12 1624685 G 0.005219 28 WNT5B Genic
129 rs6578296 11 2736546 G −0.005209 20 KCNQ1 Genic
130 rs4900384 14 97568704 G 0.005191 28 BCL11B Intergenic 1141536
131 rs4369223 1 15400921 T 0.005184 38 TMEM51 Genic
132 rs2837768 21 40951877 C 0.005149 33 DSCAM Genic
133 rs6890606 5 167830877 C 0.005101 37 WWC1 Intergenic 2276
134 rs10951781 7 44984788 T −0.005097 29 MYO1G Genic
135 rs12685669 9 20112244 T 0.005088 26 MLLT3 Intergenic 224196
136 rs4663581 2 235992660 A −0.005079 33 AGAP1 Intergenic 75409
137 rs17561086 11 105903230 T −0.005077 26 GUCY1A2 Intergenic 160254
138 rs2658862 11 131076004 T −0.005065 24 NTM Genic
139 rs9634310 12 45832324 T 0.005054 50 PCED1B Genic
140 rs6780338 3 71112098 G −0.005048 19 FOXP1 Genic
141 rs10967946 9 27451643 T −0.005006 21 MOB3B Genic
142 rs355816 2 165417128 T −0.004986 17 COBLL1 Intergenic 10351
143 rs12196758 6 90052018 G −0.004933 20 GABRR2 Genic
144 rs10854214 20 59137313 T 0.004924 36 CDH4 Intergenic 123651
145 rs1014486 3 161173806 G −0.004914 43 IL12A Intergenic 15731
146 rs11763166 7 131503450 C 0.004912 30 PLXNA4 Genic
147 rs17685465 5 132767225 C 0.004912 29 FSTL4 Genic
148 rs9384261 6 150593881 A 0.004882 15 PPP1R14C Genic
149 rs372741 18 75370277 G −0.004860 40 NFATC1 Genic
150 rs3810909 9 114971513 C 0.004833 20 FKBP15 Genic
151 rs6679417 1 241147146 A 0.004826 13 CEP170 Intergenic 208902
152 rs690336 18 8844219 A −0.004820 24 SOGA2 Intergenic 22380
153 rs1479552 3 2539452 C 0.004813 37 CNTN4 Genic
154 rs2166488 2 157868082 T −0.004698 21 GALNT5 Genic
155 rs2611249 4 166825748 C −0.004653 32 CPE Intergenic 187535
156 rs218218 2 33181898 C 0.004639 24 LTBP1 Genic
157 rs913908 13 29623876 A −0.004617 26 KATNAL1 Intergenic 56800
158 rs9399642 6 148647729 G 0.004551 25 SASH1 Intergenic 58167
159 rs336506 2 105691151 C 0.004525 21 NCK2 Intergenic 146800
160 rs1864516 8 4352789 G 0.004520 27 CSMD1 Genic
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(continued)

# RS Chr BP Ref Weight Stab. (%) GeneSymbol Location Dist. (bp)

161 rs347142 3 32452828 G 0.004519 21 CMTM7 Genic
162 rs6845272 4 136759345 T −0.004436 38 PABPC4L Intergenic 1417720
163 rs7761698 6 149483938 G 0.004428 45 UST Intergenic 46992
164 rs4450019 1 113065234 T −0.004418 32 FAM19A3 Genic
165 rs4858692 3 25050171 C −0.004392 38 RARB Intergenic 395055
166 rs2364482 12 6372392 G −0.004390 16 LTBR Intergenic 2027
167 rs494387 19 39256568 C −0.004350 19 LSM14A Intergenic 98819
168 rs6956744 7 82209312 A 0.004331 21 PCLO Intergenic 16514
169 rs2901840 2 120844238 T −0.004252 15 INHBB Intergenic 20317
170 rs856135 1 157216129 G 0.004237 21 PYHIN1 Intergenic 2987
171 rs920572 3 144472022 A 0.004212 26 SLC9A9 Genic
172 rs1553985 4 76773628 C 0.004111 33 CDKL2 Genic
173 rs2837766 21 40950152 T −0.004093 34 DSCAM Genic
174 rs4679208 3 127363812 C 0.004063 29 ALDH1L1 Genic
175 rs9290242 3 165898590 A −0.004053 20 SI Intergenic 281253
176 rs8035542 15 91595305 T −0.004039 21 RGMA Intergenic 162139
177 rs1254930 14 61579400 C −0.004032 38 SYT16 Genic
178 rs9915813 17 45368114 A −0.004006 16 DLX4 Intergenic 33717
179 rs2253612 2 201276678 C 0.003984 14 AOX1 Intergenic 33030
180 rs2253698 20 1493617 C −0.003964 26 SIRPB1 Genic
181 rs11221388 11 127980211 A −0.003948 29 ETS1 Intergenic 31975
182 rs11110390 12 99399032 A −0.003925 40 NR1H4 Genic
183 rs9615482 22 46032213 C −0.003924 22 TBC1D22A Intergenic 84279
184 rs12509421 4 7980412 C 0.003907 25 AFAP1 Genic
185 rs1581688 7 112510329 G 0.003903 17 GPR85 Genic
186 rs11715416 3 194797310 G 0.003838 32 OPA1 Genic
187 rs4890643 18 42167123 A 0.003806 29 RNF165 Genic
188 rs11062040 12 1961518 A 0.003798 28 DCP1B Genic
189 rs1174746 7 53109485 A 0.003772 29 POM121L12 Intergenic 37735
190 rs705352 7 90536300 T −0.003751 16 CDK14 Genic
191 rs4912274 1 57903614 T −0.003731 22 DAB1 Genic
192 rs2290600 3 109586117 C 0.003689 43 MYH15 Genic
193 rs7071424 10 131364237 C −0.003684 16 MGMT Genic
194 rs1542287 16 8366510 C −0.003671 34 METTL22 Intergenic 260513
195 rs7079743 10 115182472 T 0.003630 29 HABP2 Intergenic 120398
196 rs1540528 2 241767359 T 0.003617 17 PPP1R7 Genic
197 rs9871790 3 39388528 T 0.003615 23 SLC25A38 Intergenic 11691
198 rs11646037 16 6176433 C 0.003608 19 RBFOX1 Genic
199 rs4689915 4 4717231 C 0.003562 16 STX18 Intergenic 122638
200 rs10864210 1 214083474 G 0.003473 20 USH2A Genic
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(continued)

# RS Chr BP Ref Weight Stab. (%) GeneSymbol Location Dist. (bp)

201 rs10478 13 29675202 C 0.003471 19 KATNAL1 Genic
202 rs2376997 20 29782860 A −0.003448 20 BCL2L1 Intergenic 9177
203 rs4240702 9 136735680 T −0.003422 33 COL5A1 Genic
204 rs526282 12 248165 G 0.003396 24 SLC6A13 Intergenic 8685
205 rs2835930 21 38043371 A 0.003353 29 KCNJ6 Genic
206 rs26435 5 165240985 A 0.003314 21 TENM2 Intergenic 1403435
207 rs1378942 15 72864420 G 0.003296 23 CSK Genic
208 rs3744700 17 4584759 T −0.003241 23 CXCL16 Genic
209 rs2882513 2 156334094 C 0.003216 24 NR4A2 Intergenic 556407
210 rs3117230 6 33183613 C 0.003146 93 HLA-DPB2 Intergenic 4660
211 rs4237270 9 70696279 C −0.003144 17 PIP5K1B Genic
212 rs1565585 12 27037709 T −0.003121 17 TM7SF3 Genic
213 rs4233131 1 185960354 C −0.003106 20 PLA2G4A Intergenic 736090
214 rs4756856 11 16598294 G 0.003096 27 SOX6 Genic
215 rs4937390 11 128285012 C −0.003094 22 KCNJ5 Genic
216 rs4238606 16 11435090 T −0.003091 23 RMI2 Intergenic 82941
217 rs784678 9 108951910 C 0.003080 19 RAD23B Intergenic 133821
218 rs7633774 3 23708196 A 0.003067 24 UBE2E2 Intergenic 101869
219 rs6664618 1 66487172 T −0.003003 23 PDE4B Genic
220 rs8012823 14 72343297 A −0.002981 11 DPF3 Genic
221 rs4296166 14 32022118 A −0.002937 24 AKAP6 Genic
222 rs10120215 9 91490874 G −0.002911 21 UNQ6494 Genic
223 rs7863610 9 77416239 T −0.002910 12 PCSK5 Intergenic 279678
224 rs1468791 2 102458453 A 0.002841 44 SLC9A4 Genic
225 rs6054024 20 6177282 A −0.002555 14 FERMT1 Intergenic 129080
226 rs2981479 3 126285921 C 0.002553 31 SLC12A8 Genic
227 rs999915 1 85111666 A −0.002398 18 LPAR3 Genic
228 rs2835931 21 38043518 T 0.000359 5 KCNJ6 Genic
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Prevalence
(%)

Threshold (%
of population)

Sensitivity
(%)

Specificity
(%)

Correct positive
diagnoses per
1000 positive
diagnoses
(1000×PPV)

Correct negative
diagnoses per
1000 negative
diagnoses
(1000×NPV)

Incorrect
diagnoses per
1000 correct
disease
diagnoses

1 1 9 100 193 991 4999
2 16 99 161 992 6785
3 23 99 149 992 6955
5 30 97 99 993 10008
10 49 93 67 995 14657
15 62 89 54 996 17948
20 74 85 45 997 21429
30 85 75 33 998 30479
40 92 65 25 999 39778
50 95 54 20 999 50481
60 96 43 16 999 61449
70 97 33 14 999 72394
90 99 11 11 999 94035
95 100 5 10 1000 99350

3 1 8 100 426 973 1576
2 15 99 374 974 1755
3 21 99 342 976 2003
5 30 97 256 978 2994
10 46 93 173 983 4844
15 60 89 148 987 5845
20 72 85 127 990 6974
30 85 75 96 994 9565
40 92 65 74 996 12669
50 95 54 59 997 15982
60 97 43 50 998 19376
70 98 33 42 998 22770
90 99 11 33 998 29753
95 100 5 31 997 31482

10 1 8 100 739 906 357
2 15 99 689 912 454
3 21 99 661 918 514
5 29 97 554 925 808
10 46 93 436 939 1298
15 60 89 387 952 1586
20 71 85 344 963 1909
30 84 75 277 977 2618
40 91 65 225 985 3452
50 94 54 187 988 4351
60 97 43 161 991 5233
70 98 33 140 994 6141
90 99 11 111 993 8030
95 100 5 105 993 8496

20 1 8 100 860 812 163
2 14 99 825 823 212
3 20 99 808 833 238
5 28 97 730 845 370
10 45 93 628 872 592
15 59 89 581 897 721
20 71 85 538 920 859
30 84 75 460 949 1176
40 91 65 392 966 1552
50 94 54 338 972 1959
60 96 43 298 979 2355
70 98 33 266 984 2763
90 99 11 217 985 3604
95 100 5 208 984 3813

Supplementary Table 2


