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1 Supplemental results for simulation example

Figure 1 below displays the PCGSE results for the simulation example discussed in Sections 2.8.1 and 3.1
of the main manuscript when using SW

k as the gene set statistic.
Note that the results for SW

k using parametric and permutation tests are similar to those for SD
k .

Although the correlation-adjusted z-test based on the SW,adj
k has an improved type I error rate relative to

the unadjusted z-test, it has an inflated type II error rate. The inflated type II error rate for the correlation-
adjusted z-test is likely due to an overestimated VIF under the alternative hypothesis, as computed by the
equation from Barry et al. [1]. Therefore, in cases where a rank sum gene set statistic is motivated, PCGSE
should be performed using a permutation test and not using the more efficient correlation-adjusted z-test.
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Figure 1: Simulation results for standardized rank sum statistic, SW
k . Distribution of PCGSE-computed

enrichment p-values for the first 10 of 20 simulated gene sets relative to the first 2 PCs of 100 datasets sim-
ulated according to the model described in Section 2.8.1 of the main PCGSE manuscript and illustrated in
supplemental Figure 1 above. For all displayed results, PCGSE was executed using the Fisher-transformed
Pearson correlation coefficient between each genomic variable and each PC as the gene-level test statistic
and the standardized rank sum statistic as the gene set test statistic. Plots (a), (b) and (c) display the
distribution of enrichment p-values for the first 10 gene sets relative to the first PC of all simulated data
sets. In plots (d), (e) and (f), enrichment p-values computed relative to the second PC are displayed. For
plots (a) and (d), the p-values were computed using a two-sided z-test on SW

k . for plots (b) and (e), the

p-values were computed using a two-sided z-test on SW,adj
k and, for plots (c) and (f), the p-values were

computed using a two-sided permutation test on SW,adj
k . For PC 1 and gene set 2, the type I error rate

at a nominal α of 0.05 was 0.687 for the unadjusted z-test, 0.223 for the correlation-adjusted z-test and
0.282 for sample permutation of the rank sum statistic. For PC 2 and gene set 1, the type I error rate at
a nominal α of 0.05 was 0.485 for the z-test, 0.028 for the correlation-adjusted z-test and 0.07 for sample
permutation of the rank sum statistic.
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2 Supplemental results for yeast cell cycle example

Figure 2: Reproduction of Figure 5 from Alter et al. [2] that displays the value of first three PCs of the
specially processed gene expression matrix, i.e., the ”eigengenes”, over the 22 α factor-synchronized arrays.
According to Alter et al., the following approximate mapping held between arrays and cell cycle phases: 1
(NA), 2 (M/G1), 3,4 (G1), 5,6 (S), 7,8 (S/G2), 9 (G2/M), 10,11 (M/G1), 12,13 (G1), 14,15 (S), 16 (S/G2),
17,18 (G2/M), 19,20 (S/G1), 21,22 (G1)
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