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Supplementary Figure 1: Simulation Results on Binary Outcomes. a. Estimated feature importance for
the five true causal features: Xi, Xp,41, Xopo+1, Xapo+1, Xapo+1, and two null feature sets: Sp, Si. b.
Prediction accuracy for methods in comparison. DNN, RF or SVM: specific modeling with all features;
PermFIT-DNN, SHAP-DNN, LIME-DNN, HRT-DNN, SNGM-DNN, PermFIT-RF, Vanilla-RF, PermFIT-
SVM or RFE-SVM: specific modeling after feature selection. Data are presented as mean values + s.d.
Simulations in each scenario are repeated for 100 times. Source data are provided as a Source Data file.
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Supplementary Figure 2: Correlation map for TCGA RPPA features, ordered by hierarchical clustering.
Source data are provided as a Source Data file.

Method Runtime [mean (sd)]
PermFIT-DNN 40.4 (3.9)
SHAP-DNN 58.5 (7.7)
LIME-DNN 16.1 (2.2)
HRT-DNN 316.6 (59.3)
SNGM-DNN 40.1 (7.2)
PermFIT-RF 7.6 (0.7)
Vanilla-RF 0.8 (0.1)
PermFIT-SVM 9.5 (0.9)
RFE-SVM 128.0 (9.9)

Supplementary Table 3: Runtime (min) for each method in the simulation study with the continuous outcome
at N = 1000,p = 100, p = 0.
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Supplementary Figure 3: Importance scores for TCGA kidney cancer data. Important features selected
by each method is marked in red. PermFIT-DNN, HRT-DNN, PermFIT-RF, Vanilla-RF, PermFIT-SVM:
p-values with FDR controlled at 0.1;SHAP-DNN, LIME-DNN, SNGM-DNN, RFE-SVM: Top 10 features.
For HRT-DNN, — log 10(p-value) is presented. Source data are provided as a Source Data file.
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Supplementary Figure 4: Correlation map for HITChip Atlas microbiome features, ordered by hierarchical
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Supplementary Table 4: Performance of DNN and PermFIT-DNN with different numbers of hidden layers

in the DNN model, in the simulation study with the continuous outcome at N = 1000, p = 0.
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Supplementary Figure 5: Importance scores for HITChip Atlas data. Important features selected by each
method is marked in red. PermFIT-DNN, HRT-DNN, PermFIT-RF, Vanilla-RF, PermFIT-SVM: p-values
with FDR controlled at 0.1; SHAP-DNN, LIME-DNN, SNGM-DNN, RFE-SVM: Top 10 features. For HRT-
DNN, —log;o(p-value) is presented. Source data are provided as a Source Data file.



