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Supplementary text 
 
Thirteen previously unreported loci reached a significance threshold of P<5x10-8, where six reached a more 

stringent significance threshold of P<1x10-8 and two more replicated at that same threshold after 
incorporating an additional 219 T1D cases and 87,948 non-T1D in Finngen (Supplementary Table 2).  

Therefore, we considered these eight unreported loci as novel T1D risk loci and the other five as putative 

loci that require further validation. 

 

The predictive ability of T1GRS to discriminate T1D from T2D was largely driven by MHC variants 

(AUC=0.899) (Supplementary Fig. 3F) and to a lesser extent non-MHC variants (AUC=0.729) 

(Supplementary Fig. 3G). Compared to GRS2 applied to the same individuals, T1GRS-var had 

significantly improved prediction overall (GRS2 AUC=0.867, p=0.0457) and in non-MHC variants (GRS2 
AUC=0.605, p<0.001), and marginal but not significant improvement in MHC-only variants (GRS2 

AUC=0.867, p=0.185) (Supplementary Fig. 3E-G). As expected, the performance of T1GRS-var model 

was significantly reduced in African American relative to European ancestry individuals (EUR AUC=0.923, 

AA AUC=0.845, p<0.0001) (Supplementary Fig. 3H) with a significant reduction in both MHC (AA 

AUC=0.845, EUR AUC=0.894, p<0.0001) and non-MHC variants (AA AUC=0.584, EUR AUC=0.714, 

p<0.0001). 

 

We investigated T1D predictions based on differences in the definition of MHC alleles in T1GRS and GRS2. 
In our discovery cohorts, a total of 978 individuals (630 T1D, 348 unaffected) had incompatible MHC class 

II allele status using the published GRS2 method leading to an inability to calculate a risk score for those 

individuals. In comparison, T1GRS uses variants imputed from the Michigan HLA reference panel and 

avoids these incompatibilities. Of the 630 T1D individuals with incompatible MHC class II alleles in GRS2, 

64.1% (404) were classified above the 50th T1D percentile in T1GRS (Supplementary Fig. 3M). When 

examining 3,810 individuals from discovery cohorts with the HLA-DR3/DR4 haplotype (see Methods), 

which confers the highest genetic risk of T1D, 8.8% had HLA-DQ ambiguity in GRS2 resulting in no 
prediction for these individuals. In contrast, T1GRS scored 84% of these individuals above the 50th 

percentile, demonstrating an improved ability to predict T1D in a larger proportion of individuals with the 

highest genetic risk (Supplementary Fig. 3M).  In the discovery cohort, 28% of individuals with a T1GRS 

score greater than the 50th percentile for T1D had a GRS2 score below the 50th percentile (GRS2=14.6) 

(Supplementary Fig. 4B). Among these individuals, 62% were above the 50th percentile in T1GRS using 

non-MHC variants. 

 

We determined the potential value of T1GRS as a diagnostic. The Youden index can indicate diagnostic 
feasibility of a GRS when greater than 0.50. The maximum Youden index for T1GRS was 0.733 at a T1GRS 

score of 0.574, corresponding to 89% sensitivity and 84% specificity for T1D, which is an improvement over 



the maximum Youden Index for GRS2 of 0.683 at the same sensitivity (89%) but lower specificity (79%). 

Previous T1D GRS have shown that at a 50% sensitivity for T1D the false positive rate is 3.3-6% and at 

this same sensitivity threshold T1GRS has a lower false positive rate (2.1%). Similarly, at a false positive 

rate of 5%, the sensitivity of T1GRS was 68% which represents a 30% increase in the number of accurately 
classified T1D individuals at this threshold compared to GRS2. At 25% sensitivity the false positive rate 

was also reduced compared to previous GRS, where only 0.5% (103/19,291) of non-T1D fell above this 

threshold. The lower end of prediction range was improved as well, where 95% sensitivity for T1D in T1GRS 

had a higher specificity of 73% compared to GRS2 (Table 1, Supplemental Table 12). The distribution of 

scores between T1D and non-T1D also had cleaner separation in T1GRS compared to GRS2 

(Supplementary Fig. 3D). 
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Supplementary Figure 1. Annotation of novel T1D signals at the MHC locus. (a) Locus plot showing 

T1D association p-values at a novel non-coding signal at the MHC locus with index variant rs9276235. P-

values from meta-analysis of T1D association statistics from two-sided firth bias-corrected logistic 

regression of n=29,746 (10,107 T1D, 19,639 non-diabetic) individuals. Locus plots are colored by linkage 

(r2) to the lead variant for each signal. The bottom of the plot shows expression QTLs for TAP2 at this 
variant from the GTEx database for multiple tissues.  (b) Locus plots of p-values and credible sets for novel 

signals identified in pre-conditioned HLA T1D association analysis.  P-values from conditional analyses 

using same methods and sample size as panel a.  Colors represent linkage (r2) with lead variant for each 

signal. (c) Annotation of a novel T1D signal upstream of HLA-A where variant rs7763052 maps (orange 

line) in accessible chromatin sites for stimulated (S) and unstimulated (U) conditions of different immune 

cell types. 
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Supplementary Figure 2: Precision-Recall Curves in T1GRS and GRS2. Precision-Recall curves 
highlighting the Average Precision (AP) in T1GRS and GRS2, baselines indicated by dashed line. AP 

curves using discovery cohorts for (a) T1GRS-cov vs GRS2, (b) MHC Sub-model of T1GRS-cov vs MHC 

Variants in GRS2, and (c) Non-MHC Sub-model of T1GRS-cov vs non-MHC variants in GRS2. AP Curves 

using NIH All of Us Cohort for (d) T1GRS-var vs GRS2, (e) MHC Sub-model of T1GRS-var vs MHC variants 

in GRS2, and (f) Non-MHC Sub-model of T1GRS-var vs non-MHC variants in GRS2. AP Curves using NIH 

NPOD Cohort for (g) T1GRS-var vs GRS2, (h) MHC Sub-model of T1GRS-var vs MHC variants in GRS2, 

and (i) Non-MHC Sub-model of T1GRS-var vs non-MHC variants in GRS2. 
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Supplementary Figure 3: T1GRS and GRS2 Comparative Model Performance.  Receiver Operating 

Characteristics (ROC) comparing T1GRS vs GRS2 in discovery cohorts for (a) T1GRS-var vs GRS2, (b) 

MHC sub-model of T1GRS-var vs MHC variants and (c) non-MHC sub-model of T1GRS-var vs non-MHC 

variants in GRS2. P-values for panels a-c calculated using two-sided DeLong test. (d) Density distributions 
of scores output from T1GRS-cov and GRS2. ROC comparing T1GRS to GRS2 in T1D vs T2D individuals 

for (e) T1GRS-var vs GRS2, (f) MHC sub-model of T1GRS-var vs MHC variants GRS2, (g) non-MHC sub-

model of T1GRS-var vs non-MHC variants in GRS2, (h) ROC comparing T1GRS-var predictive 

performance in T1D cases of European vs African ancestry, and (i) ROC comparing T1GRS-var vs 

previously published 7-variant African ancestry T1D GRS. ROC curve comparing T1GRS to GRS2 in 

individuals without HLA-DR3 or HLA-DR4 haplotypes for (j) T1GRS-var vs GRS2, (k) MHC sub-model of 

T1GRS-var vs MHC variants GRS2, and (i) non-MHC sub-model of T1GRS-var vs non-MHC variants in 

GRS2. P-values for panels e-I calculated using two-sided DeLong test. (m) T1GRS-cov score in individuals 
with HLA-DQ proxy SNP ambiguity in T1D GRS2 separated by high-risk HLA-DR3/DR4 (left) and all other 

HLA alleles (right). Box-and-whisker plots show median percentile and interquartile range.   

 

 

 

 



 

 

Supplementary Figure 4. T1GRS Improves Performance over GRS2 Non-MHC Variants and 
Interactions.  (a) GRS2 and T1GRS-cov non-MHC percentiles for 157 T1D individuals with a large effect 
CEL risk variant. Box-and-whisker plots show median percentile and interquartile range. (b) Distribution of 

GRS2 risk scores for individuals above the T1D 50th percentile for T1GRS. Bars on plots show interquartile 

range. (c-e) ROC curves comparing classification of T1D using (c) T1GRS-cov and a logistic regression 

model of the same variants, (d) MHC-only sub-model of T1GRS-cov and a logistic regression model of the 

same variants, and (e) non-MHC sub-model of T1GRS-cov and a logistic regression model of the same 

variants.  P-values calculated using two-sided DeLong test. 
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Supplementary Figure 5. Characterization of Interactions in T1GRS. (a) SHAP analysis results of 

feature importance in the top 25 MHC features for T1GRS-cov and (b) SHAP analyses in top 25 non-MHC 

features for T1GRS-cov. Colors in A, B indicate the contribution of 2,1, or 0 copies of the risk allele. Larger 
values on the x-axis indicates greater impact on model classification. Partial dependence plots for (c) 

rs1064173 (HLA-DQB1) and (d) rs689 (INS). Values between an allele dosage of 0 and 1, or 1 and 2 were 

interpolated for visualization purposes. 
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Supplementary Figure 6. Allele Frequencies between Interacting Variants. Frequency of allele counts 

for the top ten pairs of interacting variants ranked by interaction value z-score (see Supplementary Table 

13 for details). Points were graphed for allele dosages of 0, 1 and 2 of the risk-associated allele or 

haplotype. Lines were drawn through plotted points for visualization purposes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Supplementary Figure 7. T1GRS Clusters Demonstrate No Enrichment of Study Cohort, Population 
Sub-structure, T1GRS Scores, or HbA1C level. (a) Heat map with the fraction of individuals per cluster 

(T1GRS discovery cohort) in each cohort. (b-d) Individuals in T1GRS discovery cohort projected along the 

first three principal components generated using all imputed genotypes with MAF > 1%. Points are colored 

by T1GRS cluster assignment. (e) Per-cluster break down of T1GRS-var scores for full model, MHC-only 

model, and non-MHC model.  Box-and-whisker plots show median value and interquartile range. (f) HBA1c 

measurements broken down by cluster. P values were calculated using two-sample, two-tailed t-tests 
comparing each pair of clusters.  Box-and-whisker plots show median value and interquartile range.   
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