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Figure S1: Density plots for the original Nigerian dataset and the Negative Binomial simulated counts before
and after different normalizations.
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Figure S2: Histogram plots for the original Nigerian dataset and the Negative Binomial simulated counts
before and after different normalizations.
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Figure S3: The power curves of multivariate tests with different normalizations when shift alternative hy-
pothesis (H7) holds true and the number of genes in pathways p = 100 (N = 20).
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Figure S4: The power curves of multivariate tests with different normalizations when shift alternative hy-
pothesis (H7) holds true and the number of genes in pathways p = 16 (N = 40).
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Figure S5: The power curves of multivariate tests with different normalizations when shift alternative hy-
pothesis (H7) holds true and the number of genes in pathways p = 100 (N = 40).
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Figure S6: The power curves of univariate tests with different P-values combining methods when shift
alternative hypothesis (H;) holds true and the number of genes in pathways p = 100 (N = 20).
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Figure S7: The power curves of univariate tests with different P-values combining methods when shift
alternative hypothesis (H;) holds true and the number of genes in pathways p = 16 (N = 40).
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Figure S8: The power curves of univariate tests with different P-values combining methods when shift
alternative hypothesis (H;) holds true and the number of genes in pathways p = 100 (N = 40).
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Figure S9: The power curves of different univariate tests with same P-values combining method when shift
alternative hypothesis (H;) holds true and the number of genes in pathways p = 16 (N = 20).
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Figure S10: The power curves of different univariate tests with same P-values combining method when shift
alternative hypothesis (H;) holds true and the number of genes in pathways p = 100 (N = 20).



— edgeR— DESeqg— eBayes

Fisher, y=0.125 Stouffer, y=0.125 eBayes, y=0.125
o | o | o |
@ | o | o |
o o o
© | © | © |
o o o
< < <
o o o
N N N
o o o
o | o | o |
o o o
T I I I T I I I T I I I
1.5 2.0 25 3.0 1.5 2.0 25 3.0 1.5 2.0 25 3.0
Fisher, y=0.25 Stouffer, y=0.25 eBayes, y=0.25
o | o | e |
© | © | © |
o o o
© | © | © |
oo IS o
s
S+ | < <
o o o
N N N
o o o
o | o | o |
o o o
T I I I T I I I T I I I
1.5 2.0 25 3.0 1.5 2.0 25 3.0 1.5 2.0 25 3.0
Fisher,y=0.5 Stouffer, y=0.5 eBayes, y=0.5
e | e | e |
o _[ © | © |
o o o
© © ©
= S 7 S 7
< | < <
o o o
N N N
o o o
o | o | o |
o o o
T I I I T I I I T I I I
1.5 2.0 25 3.0 1.5 25 3.0 1.5 2.0 25 3.0

2.0
FC

Figure S11: The power curves of different univariate tests with same P-values combining method when shift
alternative hypothesis (H;) holds true and the number of genes in pathways p = 16 (N = 40).
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Figure S12: The power curves of different univariate tests with same P-values combining method when shift
alternative hypothesis (H;) holds true and the number of genes in pathways p = 100 (N = 40).
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Figure S13: Venn diagrams showing the number of common pathways detected in the processed Nigerian
dataset by multivariate tests with normalizations and gene-level GSA methods (o = 0.001). (a) N-statistic
with different normalizations and ROAST; (b) WW with different normalizations and ROAST; (c¢) KS with
different normalizations and ROAST; (d) edgeR with different P-values combining methods; (¢) DESeq with
different P-values combining methods; (f) eBayes with different P-values combining methods; (g) univariate
tests with FM; (h) univariate tests with SM; (i) univariate tests with GM.



