Supplementary file

Section S1

We analyzed the identification of rare genes in different samples, including genes that
appeared in most samples as well as rare genes that appeared only in individual samples.

On ACC data, ARRB2, CDH2 and APEX1 genes were identified in most samples.
ARRB?2 has been shown to promote colorectal cancer growth by triggering WTAP [1],
its variants are associated with late-onset Alzheimer's disease [2], and is a potential
target for PRAD immunotherapy [3]. CDH2 can act with microRNA-124 to exert tumor
suppression in non-small cell lung cancer [4], microRNA-194 can target CDH2 inhibits
proliferation and metastasis of osteosarcoma cells in vitro and in vivo [5], while CDH2
expression has prognostic significance in glioma [6]. APEX1 is a novel diagnostic and
prognostic biomarker for hepatocellular carcinoma [7], and it also serves as a potential
biomarker for cholangiocarcinoma [8] and a prognostic marker and potential
therapeutic target for osteosarcoma [9]. There are also rare genes that appear only in
individual samples, such as PPARGC1A, whose up-regulated expression promotes lung
cancer metastasis [10], the HSP9OAA1 gene that promotes drug resistance in
osteosarcoma through an autophagy-related mechanism [11], the DVL1 gene whose
amplification and up-regulation of expression may play a role in the development of
human cervical squamous cell carcinoma [12] and human breast cancer [13] through
disruption of the Wnt signaling pathway, and the SMARCEI gene whose loss of
function leads to multiple spinal meningiomas [14].

On the KICH data, it basically contains CDK6 as well as ARRB1. CDK family
genes are over-expressed in a variety of cancers and are associated with dozens of drug
sensitivities [15]. ARRBI1 is a potential novel biomarker in kidney cancer [16]. A larger
number of genes appear in individual samples, such as FOXOI, a tumor suppressor
involved in metastasis and prognosis of kidney cancer [17], and FOXO1 expression is
associated with the grading and staging of KICH [18]. RASA1 inhibits the development
of KICH by regulating the corresponding microRNA [19]. Up-regulation of ITGBI
expression plays an important role in the development and metastasis of kidney cancer
[20]. Mutations in CTNNBI1 are although rare, its mutational activation may be
involved in the development of KIPAN, which contains KICH, KIRC, and KIRP
cancers [21]. MicroRNA-196a regulates the SMAD?3 signaling pathway by targeting
BRAMI1 and promotes KICH cancer cell migration and invasion [22]. PCNA in kidney
cancer subtype has some prognostic value [23]. RBX1 protein is associated with cullins
and may play a central role in the development of kidney cancer [24]. GNBI is also
associated with kidney disease, and its down-regulation of expression is associated with
the progression of KIRC [25].



Section S2

On KICH, we obtained survival analysis map of new biomarker genes. The results are
shown in Figure S1. From the results we can see that these novel biomarkers can
efficiently distinguish the longer survival group with shorter survival group.
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Figure S1: Survival analysis graph of 7 biomarker genes on KICH.

Literature validation of new biomarker genes on two datasets was performed. The
results are shown in Table S1.
Table S1: The table shows the new biomarker genes identified in the two datasets and the

corresponding descriptions.

ACC

Novel significant o
. Description References
biomarker

Signaling pathways involved in mediating ACC
CDC42 26] Gara et al.(2015)




Involved in the development of multiple cancers
KATS and tyrosine phosphorylation of KATS is
defined as a key event in genomic and chromatin

perturbation perception [27].

Kaidi et al.(2013)

A small proportion of ACC is associated with
APEX1 aldosteronism, and APEX1 is involved in gene

transcription of aldosterone synthase [28].

Mouat et al.(2019)

CDH?2 expression has prognostic significance in
CDH2 .
glioma [6].

Chen et al.(2018)

The first transcription-related KAT identified,
significantly upregulated in many cancers,
KAT2A & Y upresu Y ) ]
promotes tumor cell growth/cell proliferation

[29].

Lin et al.(2022)

Potential drug targets involved in the next
generation of ACC [30].

PARP1

Altieri et al.(2020)

Involved in the regulation of LGRS, which
TJP1 reduces aldosterone production and affects the
development of ACC [31].

Shaikh et al.(2015)

New prognostic markers and drug targets for
ACC [32]. Blocking VAV2 may be a new

therapeutic approach to inhibit metastatic

VAV2

progression in patients with ACC [33].

Ruggiero et al. (2017)
Ruggiero et al(2017)

The Wnt pathway co-receptor LRP6 is mainly
expressed in benign adrenocortical tumors [34].
LRP6 Inhibition of LRP6 expression contributes to the
inhibition of ACC cell proliferation and

induction of apoptosis [35].

Parviainen et al. (2013)
Zhu et al.(2017)

KICH

Its mutational activation may be involved in the
CTNNBI1 development of PICAN, which contains KICH,
KIRC, and KIRP cancers [21].

Bruder et al.(2007)

Low levels of GTF2HS are associated with
enhanced prognosis in high-grade serous ovarian
GTF2HS5 . . . .
cancer patients and may contribute to cisplatin

sensitization [36].

Gayarre et al.(2016)

Known Notch signaling targets, increased and
HESI decreased levels of Notch signaling are

associated with kidney cancer [37].

Mukherjee et al.(2019)




A regulator and target gene of NF-kB signaling,

whose expression is significantly associated

IKBKB . . . . Peri et al.(2013)
with poor prognosis and survival outcomes in
kidney cancer [38].
NR3C1 was identified as an epigenetically
dysregulated gene in colorectal tumorigenesis
NR3CI [39]. midkine promotes breast cancer cell Lind et al. (2016)
proliferation and migration through upregulation Zhang et al.(2022)
of NR3C1 expression and activation of NF-kB
signaling pathway [40].
Mutational status of NRAS is an independent
NRAS prognostic factor in metastatic melanoma [41], Jakob et al. (2012)
and has prognostic value in metastatic colorectal =~ Therkildsen et al.(2014)
cancer [42].
Potential biomarker candidates for osteosarcoma
PRPF38A Chang et al.(2020)

[43].




Section S3

In this section, we will expand on the KEGG pathway enrichment analysis and GO
function enrichment analysis on both datasets.
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Figure S2: KEGG pathway and GO function enrichment analysis. (a) ACC-GO-BP. (b) ACC-GO-
CC. (c) ACC-GO-MF. (d) KICH-GO-BP. (e) KICH-GO-CC. (f) KICH-GO-MF.

The most important pathway in ACC is "Pathways in cancer", which indicates that
our predicted driver genes are significantly associated with cancer. The most important
pathway in ACC is "Pathways in cancer", which indicates that our predicted driver
genes are significantly associated with cancer. We also predicted pathways associated
with other cancers, such as "Proteoglycans in cancer" and "Ras signaling pathway"
associated with lung cancer [44]. "PI3K-Akt signaling pathway" is associated with
bladder metastatic cell carcinoma [45].

Positive regulation of RNA polymerase II promoter transcription, which is mainly
enriched on GO-BP, can interact with Agol to positively affect gene expression in



cancer cells [46]. On GO-CC, it is mainly enriched in cytoplasm, cytosol and
cytoplasmic membrane, etc. Some studies showed that the specific hydrolase activity
in ACC was positively correlated with the activity of cytoplasm [47]. The large
enrichment in protein binding to GO-MF indicates that the development of ACC is
closely related to protein binding, especially the corresponding inhibitors of "protein
tyrosine kinase activity" and "transmembrane receptor protein tyrosine kinase activity"
are used as therapeutic agents for ACC [48].

The most important pathway in the KICH pathway is also the "Pathways in cancer".
We also predicted pathways related to other cancers, such as "Human papillomavirus
infection", which is a human papillomavirus (HPV) that causes cervical cancer as well
as oral cancer, and the oncogenicity of these HPV types is mainly caused by the activity
of oncoproteins E6 and E7, which impair the growth regulatory pathways and
subsequently lead to cancer after slow mutation in the host genes accumulation leads to
cancer [49]." MAPK signaling pathway", MAPK signaling pathway is associated with
the development of many human diseases including Alzheimer's disease (AD),
Parkinson's disease (PD), amyotrophic lateral sclerosis (ALS) and various types of
cancer [50]." microRNAs in cancer", mRNAs are implicated in the regulation of almost
all signaling circuits in cells and their dysregulation has been shown to play a crucial
role in the development and progression of cancer, and these effects lead to the
progressive transformation of normal cells into cancer cells [51].

Where GO-BP is predominantly enriched in signaling, the process of converting
cellular proto-oncogenes into oncogenes can lead to over-activation of these signaling
pathways, while inactivation of tumor suppressors eliminates key negative regulators
of signaling, while interacting with PI3K-Akt and Ras-ERK pathways to dysregulated
cancer signaling and generate many tumor cells [52]. On GO-CC, it is mainly enriched
in the cell membrane, nucleus, nucleoplasm, and cytoplasm, and to a lesser extent in
the chromosomes. Related studies suggest that the deletion of DNA on chromosomes
may be a unique feature of KICH carcinoma [53]. Highly enriched in protein binding
to GO-MF. Immunohistochemical analysis of Ksp-calmucin provides a reliable method
for differentiating renal tumors from KICH carcinomas [54].
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List of abbreviations in article

PDGCN (Personalized Drivers of GCN)

ACC (Adrenocortical Cancer)

KICH (Kidney Chromophobe)

TCGA (The Cancer Genome Atlas)

SNVs (Single Nucleotide Variations)

CNVs (Copy Number Variations)

CDGs (Cancer Driver genes)

DEGs (Differentially Expressed genes)

GCN (Graph Convolutional Network)

CRF (Conditional Random Field)

NCG (Network of Cancer Gene)

CGC (Cancer Gene Census)

COSMIC (the Catalogue Of Somatic Mutations In Cancer)
PPI (Protein-Protein Interaction Networks)

MC3 (Multiple Cancers)

ReLU (Rectified Linear Units)

ACC (Accuracy)

AUC (Area Under Curve)

AUPR (Area under Precision-Recall curve)

P (Precision)

R (Recall)

GEPIA2 (Gene Expression Profiling Interactive Analysis)
DAVID (the Database for Annotation,Visualization and Integrated Discovery)
KEGG (Kyoto Encyclopedia of Genes and Genomes)

GO (Gene Ontology)

GO-BP (Gene Ontology-Biological Processes)

GO-CC (Gene Ontology-Cellular Components)



GO-MF (Gene Ontology-Molecular Functions)
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