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Supporting Information
Two-sided method

To overcome the limitations of the enrichment method, the original RRHO paper
proposed a “two-sided” method. Under the two-sided method, the overlapping p-value
will be calculated based on the relationship between the observed number of overlap, k,
and the expected number of overlap, k. A two-sided hypergeometric p value is
calculated.
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Where k < k represents under enrichment and k > k represents over enrichment. To
further distinguish between them, the original RRHO paper further introduce a sign to
distinguish under/over enrichment:

—logio H(k; s,M,N)|if k <k

R(k;s,M,N) = . —
+|log,o H(k; s, M,N)| if k > k

This sign convention for under/over enrichment involves a new symmetry property as
R(k;s,M,N) = —R(s — k;s,N — M, N), which makes the interpretation of quadrant A and
D of Figure 2 potentially interesting. The interpretation for the two-sided method is
shown in Supplementary Figures 1 and 2. For each red dot, if k > k, we have the
exact same interpretation as the enrichment method (i.e., quadrants B and C are
biologically meaningful, but quadrants A and D are not) (Supplementary Figure 1).
When k < k, however, the overlapping score is negative, so we will have biologically

meaningful interpretation in quadrants A and D because of the symmetry property



induced by the sign convention, but not quadrants B and C. Under this scenario, a

significant negative overlapping score in quadrant A of Supplementary Figure 2

represents a significant concurrence of up-regulated genes in study 1 and down-

regulated genes in study 2; and a significant negative overlapping score in quadrant D

of Supplementary Figure 2 represents a significant concurrence of up-regulated genes

in study 2 and down-regulated genes in study 1. However, the interpretation of the

heatmap colors can be misleading. A positive overlapping score in a discordant region

reveals a red hotspot, however the overlapping areas are actually uninteresting

(Supplementary Figure S1). Thus, interpretation of results from the two-sided method

are challenging, with different rules applying to the concordant and discordant

quadrants.
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Supplementary Figure 1. Interpretation of the two-sided RRHO method when the
p-value score is positive. When k > k, we have the exact same interpretation as the
enrichment method (i.e., quadrants B and C are biologically meaningful, but quadrants



A and D are not). When k < k, the overlapping score is negative, so we will have
biologically meaningful interpretation in quadrants A and D, but not quadrants B and C.
Additionally, a positive overlapping score in quadrants A and D might show a red

hotspot, but the overlapping areas are actually not interesting.
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Supplementary Figure 2. Interpretation of discordant quadrants in two-sided
RRHO method. For discordant quadrants A and D, a negative p-value score in addition
to a blue hotspot indicates overlap of genes in the yellow areas. This is different from
concordant quadrants B and C, which need positive p-values scores and red hotspots to
indicate significant overlap. Thus, the two-sided method does indeed provide accurate
information for the discordant quadrants; however, the interpretation is difficult.
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Supplementary Figure 3. Concordant and discordant simulation using the effect
size RRHO method. We show that this method provides robust signal, even as the
sigma (noise) value increases.
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Supplementary Figure 4. Heatmaps generated using real data' (a) Enrichment using
-log1o(p-value) scale; (b) Stratified method using -log1o(p-value) scale; (c) Enrichment
using -loge(p-value) scale; (d) Stratified method using -loge(p-value) scale.
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