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Data Collection

Various gene ontology and text search terms were used to list down protein names for seven
tissues in both healthy and disease conditions. For instance, in order to search (1) Breast cancer
data, we used breast cancer AND organism:“Homo sapiens (Human) [9606]” for UniprotKB
and (Breast cancer) AND Homo sapiens [porgn : txid9606] for GenBank database, and (2) for
healthy breast tissues data, we used breast AND organism: “Homo sapiens (Human) [9606]” for
UniprotKB and (Breast cancer) AND ”Homo sapiens”[porgn : txid9606] for GenBank database.
Similar search methods were adapted to retrieve data for other tissues. Additionally, we explored
other resources (cell-lines) to enrich our protein name collection. The various cell-line databases
were used to obtain the list of proteins for different cancers are Human Mammary Epithelial Cells
(HMEC) and Michigan Cancer Foundation - 7 (MCF-7) cell lines for were used for breast tissues.
Protein 2D page and Cervical cancer database (CCDB) (http://crdd.osdd.net/raghava/ccdb/)
for cervical tissues, ACTREC Oral Cancer Database and Head and Neck Oral Cancer Database
(HNOCDB) for oral cancer, ATCC cell line database and Cancer Cell Line Encyclopedia for all
considered cancers. In this way, we have now two protein sets for each tissues, i.e., disease and
healthy.

Furthermore, we found interactions among proteins in each protein set from STRING database.
STRING database is a depository for the curated and experimentally verified protein-protein
interactions those are direct (physical), indirect (functional) or both for a given list of proteins.
The protein-protein interaction data of all the seven cancers for normal and disease states in the
form of adjacency list are available for reuse on request to authors.

The detailed steps of Survival analysis

We have used biomarker validation tools available at SurvExpress for survival analysis. SurvEx-
press is a comprehensive gene expression database and web-based tool that provides survival
multivariate analysis and risk assessment from a list of genes (biomarker) in human cancer
datasets. The following simple steps were used to analyse TCGA gene expression values taken
for each gene:
1. We acessed SurvExpress database at http://bioinformatica.mty. itesm.mx:8080/Biomatec/SurvivaX.jsp
2. We inserted details of Gene name, Tissue of interest in data field 2 and 3, respectively and
chosen default entries for rest of the columns. Here, we selected TCGA database for data retrival
(in following we have given details of TCGA database).
3. Clicked on ‘Send (field 5) button in ordrer to retrive data from TCGA database.
4. On SurvivaXvalidator page, we used Bimarker: Cox Survival analysis function. Then, we
selected available the outcome variable in Censored filed and kept rest of the fields as default.
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All the detailed information regarding each field is accessed using SurvExpress tutorials avail-
able at http:bioinformatica.mty.itesm.mx/drupal /sites/default/ files/ SurvExpress%20Tutorial
%20final-4.pdf
5. Results are generated in PDF files and further analysed.

Degeneracy at zero (0) eigenvalue

The eigenvalue distribution of many real networks, particularly technological and biological
networks such as protein-protein interactions of diseases, exhibit high degeneracy at zero eigen-
values. Mathematically in a network, duplication of nodes yields the same neighbors for two
nodes in the corresponding adjacency matrices. It has been shown that duplication of nodes
leads to lowering of the rank of the corresponding matrix, hence contributing one additional
zero eigenvalue in the spectra. For the adjacency matrix of size N and rank r, the matrix has
exactly N − r zero eigenvalues. We discuss here three possible cases when the rank can lower in
an adjacency matrix:
(i) two rows (columns) have exactly same entries, it is termed as complete row (column) dupli-
cation R1 = R2,
(ii) the partial duplication of rows (columns) where R1 = R2 + R3, where, Ri denotes ith row
of the adjacency matrix (Fig.S1). This condition is computationally exhaustive as to find this
state in the matrix has large possibilities,
(iii) if there is an isolated node in the network, the row and column corresponding to it has
zero entries and thus the rank of the matrix is lowered by one. For a connected network, the
number of zero eigenvalues (λ0) provides an exact measure of (i) and (ii) conditions. Similarly,
the calculations for identification of degenerate −1 eigenvalues is given in for A + I matrices.

Hallmarks of Cancer

The hallmarks constitute an organizing principle for rationalizing the complexities of neoplastic
disease. They include sustaining proliferative signaling, evading growth suppressors, resisting
cell death, enabling replicative immortality, inducing angiogenesis, and activating invasion and
metastasis. These properties for 39 proteins are briefly given in (Table S6).
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Supplementary Tables

Table S1: Network structural properties of 39 proteins identified using degenerate
eigenvalues. Here, 〈K〉, 〈C〉, 〈Bc〉 represent average degree, average clustering coeficient and
average betweeness centrality of 39 proteins, respectively.

〈K〉 〈C〉 〈Bc〉
35.05 0.041 0.00035

Table S2: Datasets used for survival analysis. All datasets were taken from the TCGA
database. Each cohort represents the set of high and low-risk patients prescribed by the TCGA
database. It is to note that time-frame taken for each cohort is different such as survival months
for BRCA whereas survival days for CESC, COAD, HNSC, LOAD, LUSC, OV and PRAD.

Cancer Cohort Cohort full form Total
pa-
tients

Low
risk

High
Risk

Breast BRCA Breast cancer adenocarcinoma 502 251 251

Cervical CESC Cervical squamous cell carcinoma 191 96 95

Colon COAD Colon adenocarcinoma 350 175 175

Oral HNSC Head and neck squamous cell carci-
noma

502 251 251

Lung LOAD Lung adenocarcinoma 475 238 237
LUSC Lung squamous cell carcinoma 175 88 87

Ovarian OV Ovarian serous cystadenocarcinoma 247 124 123

Prostate PRAD Prostate adenocarcinoma 497 249 248

3



Table S3: Datasets of seven cancers. Protein-protein interactions of seven cancers have
been considered for their healthy and disease states. N represents number of proteins and Nc

represents number of interactions.

Normal Cancer

Tissue N Nc N Nc

Breast 2464 15131 2096 14183
Oral 2105 21746 1542 26794

Ovarian 1869 6873 2085 8067
Cervical 3559 21081 2397 20040

Lung 3261 17805 3131 17407
Colon 4932 38967 3458 36355

Prostate 2357 11049 5180 18969

Table S4: Top 10 degree nodes in weighted and weighted multi-cancer PPI network.
Here, kw and kuw stand for node-degree in the weighted and the unweighted network, respec-
tively. It is observed that the lists of top 10 degree proteins are different in two networks.
CACNB2 and BRD7 are hub proteins (shown in bold face) in weighted PPI network whereas
UBC is hub protein in unweighted PPI network. Hub protein is characterized here by considering
the highest degree nodes compared to other nodes in the network.

Weighted Unweighted

Sr.No. Protein kw Protein kuw

1 CACNB2 1565 UBC 877
2 BRD7 1524 TP53 716
3 BCL11B 1122 AKT1 698
4 FAM83D 1074 ALB 660
5 MMP3 1061 TSPO 654
6 AMY1A 1028 SRC 510
7 CTPS2 997 EGFR 508
8 CTNND1 992 ESR1 499
9 AGR3 930 GAPDH 495
10 SNAP25 889 VEGFA 483
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Table S5: Gene Expressions by risk groups. L represents low risk group and H represents
high risk group.

Cohort BRCA CESC COAD HNSC LUAD LUSC OV PRAD

Protein L H L H L H L H L H L H L H L H

APOL6 2.9 3.4 3.4 2.9 3.3 3 3.5 3 3.2 3.5 3 3.3 3 3.3 3.2 2.7
BMI1 0 0 2.7 2.9 0 0.5 2.9 2.7 2.9 2.9 3.2 3.2 3 3.3 3 3.2
BTBD7 2.7 3 2.7 2.9 2.8 2.6 2.7 3 2.7 3 2.7 3 2.7 3 2.6 2.8
CDKN2A -1 -2 3.4 3.6 1.6 2.7 3 0.8 0.4 2.5 3 0.5 3.7 2.7 0.4 1.4
DDIT4 3.5 3 3.5 4 3.1 3.5 3.4 3.9 3.1 3.6 3.9 3.4 2.9 3.4 3 3.5
FYN 2.4 2.7 2.5 2 2 2.7 2.7 2.4 3 2.5 2.5 3 2.5 3 2.3 1.7
KIR2DL2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
LPL 2 3 0.1 1 0 0 0.7 2 3.3 2 1.6 2.5 2 1 1 1.6
MAPK11 1.6 2.3 2.5 1.8 1.6 2.1 2.5 2 1.5 2 1.7 2.5 0.7 1.8 2.5 2
NLE1 2 2.5 2 2.5 2.8 2.5 2.3 2.5 2.1 2.5 2.6 2.2 2 2.5 2.4 2.7
UTP14A 2.7 2.5 2.8 2.5 3 2.6 2.5 2.8 2.4 2.7 2.7 2.5 2.7 2.5 2.4 2.6
PRAD 3.2 2 2.3 4 2.9 1.6 0.7 2.9 4 3.4 2.8 3.3 4.5 4 3 2
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Supplementary Figures

Figure S1: Zero Degeneracy. Schematic diagram representing (a) complete node duplication
and (b) partial node duplication in networks. Biological networks know to posses a higher
degeneracy at the zero eigenvalue than corresponding random networks. The degeneracy at the
zero eigenvalue is signature of presence of node duplication in the network.
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Figure S2: Kaplan-Meier plots of APOL6 for different cancer types.

Figure S3: Kaplan-Meier plots of BMI1 for different cancer types.
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Figure S4: Kaplan-Meier plots of BTBD7 for different cancer types.

Figure S5: Kaplan-Meier plots of CDKN2A for different cancer types.
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Figure S6: Kaplan-Meier plots of DDI4T for different cancer types.

Figure S7: Kaplan-Meier plots of FYN for different cancer types.
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Figure S8: Kaplan-Meier plots of LPL for different cancer types.

Figure S9: Kaplan-Meier plots of MAPK11 for different cancer types.
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Figure S10: Kaplan-Meier plots of UTP14A for different cancer types.

Figure S11: Kaplan-Meier plots of NLE1 for different cancer types.
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Figure S12: Kaplan-Meier plots of WFDC2 for different cancer types.

Figure S13: Kaplan-Meier plots of multi-proteins for different cancer types.
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