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Appendix Figure S1: Contribution diversity plot depicting true-positive (TP) pairs 
contributions from CORUM complexes in PCA-reconstructed DepMap 20Q2 (Data ref: 
Broad DepMap, 2020).  The top ten contributing complexes are listed in the legend, with 
the light gray category representing all complexes represented at lower frequency. Note 
that figure panel A, B, and C are replicated from Figure 1E.  
A, Contribution diversity plot from PCA-reconstructed DepMap data with the first 5 
principal components.  
B, Contribution diversity plot from PCA-reconstructed DepMap data with the first 9 
principal components.  
C, Contribution diversity plot from PCA-reconstructed DepMap data with the first 19 
principal components.  
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Appendix Figure S2: Contribution diversity plots depicting true-positive (TP) pairs 
contributions from CORUM complexes in PCA-normalized DepMap 20Q2 data (Data ref: 
Broad DepMap, 2020). The top ten contributing complexes are listed in the legend, with the 
light gray category representing all complexes represented at lower frequency. Note that 
figure panel A, B, and C are replicated from Figure 1E.  
A, Contribution diversity plot from PCA-normalized DepMap data with the first 5 principal 
components removed.  
B, Contribution diversity plot from PCA-normalized DepMap data with the first 9 principal 
components removed.  
C, Contribution diversity plot from PCA-normalized DepMap data with the first 19 principal 
components removed.  
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Appendix Figure S3: Contribution diversity plots depicting true-positive (TP) pairs 
contributions from CORUM complex in AE-reconstructed DepMap 20Q2 data generated 
with latent space sizes 1, 3 and 5 (Data ref: Broad DepMap, 2020). The top ten contributing 
complexes are listed in the legend, with the light gray category representing all complexes 
represented at lower frequency. Note that figure panel A, B, and C are replicated from 
Figure 2A (right panel). 
A, Contribution diversity plot from AE-reconstructed DepMap data generated with latent 
space size 1.  
B, Contribution diversity plot from AE-reconstructed DepMap data generated with latent 
space size 3.  
C, Contribution diversity plot from AE-reconstructed DepMap data generated with latent 
space size 5.  
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Appendix Figure S4: Contribution diversity plots depicting true-positive (TP) pairs 
contributions from CORUM complex in AE-normalized DepMap 20Q2 data (Data ref: Broad 
DepMap, 2020). The top ten contributing complexes are listed in the legend, with the light 
gray category representing all complexes represented at lower frequency. Note that figure 
panel A, B, and C are replicated from Figure 2A (right panel). 
A, Contribution diversity plot from AE-normalized DepMap data generated with latent 
space size 1.  
B, Contribution diversity plot from AE-normalized DepMap data generated with latent 
space size 3.  
C, Contribution diversity plot from AE-normalized DepMap data generated with latent 
space size 5.  
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Appendix Figure S5: Contribution diversity plots illustrating true-positive (TP) pairs 
contributions from CORUM complexes in RPCA-reconstructed DepMap 20Q2 data (Data 
ref: Broad DepMap, 2020). The top ten contributing complexes are listed in the legend, with 
the light gray category representing all complexes represented at lower frequency. Note 
that figure panel A, B, and C are replicated from Figure 2B (right panel). 
A, Contribution diversity plot from RPCA-reconstructed DepMap data generated with 
hyperparameter λ set to 0.0049.  
B, Contribution diversity plot from RPCA-reconstructed DepMap data generated with 
hyperparameter λ set to 0.007.  
C, Contribution diversity plot from RPCA-reconstructed DepMap data generated with 
hyperparameter λ set to 0.0091.  
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Appendix Figure S6: Contribution diversity plots illustrating true-positive (TP) pairs 
contributions from CORUM complexes in RPCA-normalized DepMap 20Q2 (Data ref: Broad 
DepMap, 2020). The top ten contributing complexes are listed in the legend, with the light 
gray category representing all complexes represented at lower frequency. Note that figure 
panel A, B, and C are replicated from Figure 2B (right panel). 
A, Contribution diversity plot from RPCA-normalized DepMap data generated with 
hyperparameter λ set to 0.0049.  
B, Contribution diversity plot from RPCA-normalized DepMap data generated with 
hyperparameter λ set to 0.007.  
C, Contribution diversity plot from RPCA-normalized DepMap data generated with 
hyperparameter λ set to 0.0091.  
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Appendix Figure S7: Contribution diversity plots depicting true-positive (TP) pairs 
contributions from CORUM complexes in onion normalized DepMap 20Q2 data (Data ref: 
Broad DepMap, 2020). The top ten contributing complexes are listed in the legend, with the 
light gray category representing all complexes represented at lower frequency. Note that 
figure panel A and B are replicated from Figure 3C. Figure panel C is replicated from Figure 
3C and 4B. 
A, Contribution diversity plot from onion normalized DepMap data generated with SNF 
(Wang et al, 2014) integrated AE-normalized layers (AEO). 
B, Contribution diversity plot from onion normalized DepMap data generated with SNF 
integrated PCA-normalized layers (PCO). 
C, Contribution diversity plot from onion normalized DepMap data generated with SNF 
integrated RPCA-normalized layers (RPCO). 
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Appendix Figure S8: Contribution diversity plots depicting TP pairs contributions from 
CORUM complexes in generalized least squares (GLS) normalized (Wainberg et al, 2021), 
and olfactory receptor (OLF) normalized (Boyle et al, 2018) DepMap 20Q2 data (Data ref: 
Broad DepMap, 2020). The top ten contributing complexes are listed in the legend, with the 
light gray category representing all complexes represented at lower frequency. Note that 
figure panel A and B are replicated from Figure 4B. 
A, Contribution diversity plot from GLS normalized DepMap data.  
B, Contribution diversity plot from OLF normalized DepMap data.  
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Appendix Figure S9: The performance comparison of individual normalized layer 
networks with the networks from Onion-normalization and other methods applied to 
DepMap 20Q2 (Data ref: Broad DepMap, 2020).  
A, FLEX precision-recall (PR) performance analysis of networks from original DepMap, 
robust PCA (RPCA) normalization with hyperparameter λ set to 0.0049, 0.007 and 0.0091, 
onion normalization with robust PCA (RPCO), generalized least squares (GLS) 
normalization (Wainberg et al, 2021), and olfactory receptor (OLF) normalization (Boyle et 
al, 2018) with CORUM protein complexes as the standard. (Left) All CORUM complex gene 
pairs as true-positive. (Right) Mitochondrial gene pairs are removed from the evaluation. 
The x-axis of both plots depicts the absolute number of true positives (TPs) recovered in 
log scale. 
B, Number of complexes for which area under the PR curve (AUPRC) values increase and 
decrease with respect to chosen AUPRC thresholds due to normalization as compared to 
un-normalized data. The bars on the left side of the dotted line correspond to AE-
normalized layers (latent space size = 1, 2, 3, 4, 5, 10), PCA-normalized layers (first 1, 3, 5, 
7, 9, 11, 13, 15, 17, 19 principal components removed) and RPCA layers (λ ˜= 0.0049, 
0.0056, 0.0063, 0.007, 0.0077, 0.0084, 0.0091). The bars on the right side of the dotted line 
correspond to Onion-normalized data from the PCA, PRCA, and AE layers as well as GLS 
and OLF. The color gradient for each method represents four bins with complexes 
containing 2 to 3 genes, 4 to 5 genes, 6 to 9 genes, and 10 or more genes. (Top) AUPRC 
threshold, t = 0.1. (Bottom) t = 0.5. 
 

  

18



−2 0 2

1

2

3
4

5
6
7
8

9

10
11
12

14

1. KRIT1-CCM2-ICAP1 complex
2. EBAFb complex
3. CDK8 subcomplex
4. GINS complex
5. FA complex
6. SAP complex
7. BRCA1 C complex

8. TBCD-ARL2-tubulin(beta)-TBCE complex
9. NoRC complex
10. AP1B1-AP1G2-AP1M-1AP1S1 complex

12. ITGAV-ITGB3-SLC3A2 complex
11. NELF complex 

13

13. ANCO1-HDAC3  complex
14. CCND3-CDK6 complex

U
n-norm

alized

O
LF

G
LS

AEO

PC
O

R
PC

O

Complex AUPRC Z-score

19



Appendix Figure S10: CORUM complex z-scores of AUPRC values for onion normalization. 

Z-scores across rows for un-normalized DepMap 20Q2 data (Data ref: Broad DepMap, 

2020) compared to data from generalized least squares (GLS) normalization from 

Wainberg et al. (Wainberg et al, 2021), olfactory receptor (OLF) normalization from Boyle 

et al. (Boyle et al, 2018), onion normalization with AE (AEO), onion normalization with PCA 

(PCO), and onion normalization with robust PCA (RPCO). 
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Appendix Figure S11: Exploration of mitochondrial bias within the DepMap 22Q4 
Chronos (Data ref: Broad DepMap, 2022) and RPCA normalization across hyperparameters.  
A, (Left) Precision- recall (PR) performance analysis of un-normalized DepMap 22Q4 
Chronos gene similarity network evaluated against CORUM protein complex standard. The 
x-axis depicts the number of true positives (TPs) in log-scale. (Right) Contribution diversity 
plot of CORUM complexes in un-normalized DepMap data. This plot is constructed by 
sliding a precision cutoff from high to low (indicated by the y-axis), and at each point, 
plotting a stacked bar plot across the x-axis at that point reflecting the breakdown of 
complex membership of the TP pairs identified at that threshold. The top ten contributing 
complexes are listed in the legend, with the light gray category representing all complexes 
represented at lower frequency.  
B, (Left) PR performance analysis of RPCA-normalized data generated with 
hyperparameter λ set to 0.0049, 0.007 and 0.0091 evaluated against CORUM protein 
complex as standard. (Right) Corresponding contribution diversity plots illustrating 
complex contributions in RPCA-reconstructed and RPCA-normalized data. The x-axis 
depicts the absolute number of true positives (TPs) recovered in log scale. 
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Appendix Figure S12: Onion-normalization applied to DepMap 22Q4 Chronos data (Data 
ref: Broad DepMap, 2022) with RPCA as the normalization technique.  
A, FLEX precision-recall (PR) performance analysis of original DepMap 22Q4 Chronos data, 
onion normalization with robust PCA (RPCO), and generalized least squares (GLS) 
normalization (Wainberg et al, 2021) evaluated against CORUM protein complex standard. 
The x-axis depicts the absolute number of true positives (TPs) recovered in log scale. 
B, Contribution diversity of CORUM complexes for the original DepMap, RPCO, and GLS. 
Fractions of predicted true positives (TP) from different complexes are plotted at various 
precision levels on the y-axis. Note that the left panel is replicated from Appendix Figure 
S11A (right panel). 
C, Number of complexes for which area under the PR curve (AUPRC) values increase and 
decrease with respect to chosen AUPRC thresholds due to normalization as compared to 
un-normalized data. The bars on the left side of the dotted line correspond to RPCA-
normalized layers (λ ˜= 0.0056, 0.0064, 0.0072, 0.0080, 0.0088, 0.0096, 0.0104). The bars 
on the right side of the dotted line correspond to the RPCO-normalized data from the layers 
as well as GLS data. The color gradient for each method represents four bins with 
complexes containing 2 to 3 genes, 4 to 5 genes, 6 to 9 genes, and 10 or more genes. (Left) 
AUPRC threshold, t = 0.1. (Right) t = 0.5. 
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Appendix Figure S13: Onion-normalization applied to RNA-seq gene expression data 
(Data ref: 10x Genomics, 2019) with RPCA as the normalization technique and maximum-
weight as integration method.  
A, (Left) Precision-recall (PR) performance analysis of un-normalized gene expression data 
evaluated against CORUM protein complexes. The x-axis depicts the number of true 
positives (TPs) in log scale. (Right) Contribution diversity plot illustrating TP pairs 
contributions from CORUM complexes in un-normalized gene expression data. The x-axis is 
the fraction of gene pairs correctly predicted as functionally related at different precision 
levels in the y-axis. The legend shows the top ten contributing complexes.  
B, (Left) PR performance analysis of RPCA-normalized data generated with λ set to 0.0063, 
0.009, and 0.0117 as well as RPCO-normalized data evaluated against CORUM protein 
complexes. (Right) PR performance of RPCA-normalized data generated with λ set to 
0.0063, 0.009, and 0.0117 as well as RPCO-normalized data evaluated against CORUM 
protein complexes excluding cytoplasmic ribosomal gene pairs from the evaluation 
process. The x-axis depicts the absolute number of true positives (TPs) recovered in log 
scale. 
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Appendix Figure S14: Onion-normalization with PCA as dimensionality reduction method 
and maximum or average similarity as integration method applied to DepMap 20Q2 (Data 
ref: Broad DepMap, 2020).  
A, Comparison of Precision-recall (PR) performance of original DepMap data, SNF (Wang et 
al, 2014) integrated PCA-normalized layers (PCO), average of PCA-normalized layers and 
maximum across PCA-normalized layers evaluated against CORUM complex standard. 
Layers are generated by removing the first n principal components where n = 1, 3, 5, 7, 9, 
11, 13, 15, 17, 19. The x-axis depicts the absolute number of true positives (TPs) recovered 
in log scale. 
B, Contribution diversity plots from original DepMap data, SNF integrated PCA-normalized 
layers (PCO), average of PCA-normalized layers and maximum across PCA-normalized 
layers evaluated against CORUM complex standard. The x-axis depicts the absolute number 
of true positives (TPs) recovered in log scale. Note that the left panel is replicated from 
Figure 1C (right panel) and the second panel is replicated from Figure 3C. 
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Appendix Figure S15: Onion-normalization with RPCA as dimensionality reduction 
method and maximum or average similarity as integration method applied to DepMap 
20Q2 (Data ref: Broad DepMap, 2020) 
A, Comparison of Precision-recall (PR) performance of original DepMap data, SNF (Wang et 
al, 2014) integrated RPCA-normalized layers (RPCO), average of RPCA-normalized layers 
and maximum across RPCA-normalized layers evaluated against CORUM complex standard. 
Layers are generated by setting RPCA hyperparameter λ to approximately 0.0049, 0.0056, 
0.0063, 0.007, 0.0077, 0.0084, and 0.0091.  The x-axis depicts the absolute number of true 
positives (TPs) recovered in log scale. 
B, Contribution diversity plots from original DepMap data, SNF integrated RPCA-
normalized layers (RPCO), average of RPCA-normalized layers and maximum across RPCA-
normalized layers evaluated against CORUM complex standard. Note that the left panel is 
replicated from Figure 1C (right panel), 3C, 4B, and Appendix Figure S14B. The second 
panel is replicated from Figure 3C and 4B. 
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Appendix Figure S16: Onion-normalization with AE as dimensionality reduction method 
and maximum or average similarity as integration method applied to DepMap 20Q2 (Data 
ref: Broad DepMap, 2020).   
A, Comparison of Precision-recall (PR) performance of original DepMap data, SNF (Wang et 
al, 2014) integrated AE-normalized layers (AEO), average of RPCA-normalized layers and 
maximum across RPCA-normalized layers evaluated against CORUM complex standard. 
Layers are generated by dialing auto-encoder latent space size to 1, 2, 3, 4, 5, and 10. The x-
axis depicts the absolute number of true positives (TPs) recovered in log scale. 
B, Contribution diversity plots from original DepMap data, SNF integrated AE-normalized 
layers (AEO), average of RPCA-normalized layers and maximum across RPCA-normalized 
layers evaluated against CORUM complex standard. Note that the left panel is replicated 
from Figure 1C (right panel), 3C, 4B, and Appendix Figure S14B and S15B. The second 
panel is replicated from Figure 3C. 
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Appendix Figure S17: SNF hyperparameter exploration for onion normalization applied to 
DepMap 20Q2 (Data ref: Broad DepMap, 2020). The number of CORUM protein complexes 
which contribute any true positive pairs at a precision threshold of 0.5 are plotted for SNF 
parameters of σ = 0.1, 0.3, 0.5, 0.7 on the y-axis and k = 3, 5, 10, 20 on the x-axis.  
A, Autoencoder-normalized data as input to onion normalization.  
B, PCA-normalized data as input to onion normalization.  
C, Robust PCA-normalized data as input to onion normalization. 
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