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Presentation Notes
 *AMARETTO for network biology and medicine:linking diseases, drivers, targets and drugsvia graph-based fusion of multi-omics, clinical, imaging and perturbation data We present *AMARETTO as a software toolbox for network biology and medicine, towards developing a data-driven platform for diagnostic, prognostic and therapeutic decision-making in cancer. *AMARETTO links diseases, drivers, targets and drugs via network graph-based fusion of multi-omics, clinical, imaging, and driver and drug perturbation data across model systems and patient studies of cancer. The *AMARETTO platform features a modular approach to incorporating prior biological knowledge based on multimodal and multiscale network-structured modeling: (1) The AMARETTO algorithm learns networks of regulatory circuits - circuits of drivers and target genes - from functional genomics or multi-omics data and associates these circuits to clinical, molecular and imaging-derived phenotypes within each biological system (e.g., model systems or patients); (2) The Community-AMARETTO algorithm learns subnetworks of regulatory circuits that are shared or distinct across networks derived from multiple biological systems (e.g., model systems and patients, cohorts and individuals, diseases and etiologies, in vitro and in vivo systems); (3) The Perturbation-AMARETTO algorithm maps genetic and chemical perturbations in model systems onto patient-derived networks for driver and drug discovery, respectively, and prioritizes lead drivers, targets and drugs for follow-up with experimental validation; and (4) The Imaging-AMARETTO algorithm maps radiographic and histopathology imaging data onto the patient-derived multi-omics networks for non-invasive and histopathology imaging diagnostics. We demonstrate the utility of *AMARETTO via Jupyter Notebook workflows for several Use Cases integrating multi-omics, clinical, imaging, and driver and drug perturbation data across model systems and patient studies of cancer: (1) A study of hepatitis C and B virus-induced hepatocellular carcinoma (LIHC) with driver and drug discovery for chemoprevention across pan-etiologies of hepatocellular carcinoma, experimentally validated in rat models; (2)  A study of glioblastoma multiforme (GBM) and low-grade glioma (LGG) with driver discovery for diagnostic and prognostic molecular subclasses associated with imaging-derived features for non-invasive imaging diagnostics; and (3) A pan-cancer study of squamous cell carcinoma (SCC) across five SCC cancer sites, in particular, lung (LUSC), head and neck (HNSC), esophageal (ESCA), cervical (CESC) and bladder (BLCA).�Software availability: *AMARETTO is available as user-friendly tools via GitHub, Bioconductor and R Jupyter Notebook to enable further algorithm and software development and via GenePattern, GenomeSpace and GenePattern Notebook to reach a broad audience of biomedical researchers.References, Tools and Resources: http://portals.broadinstitute.org/pochetlab/amaretto.htmlFunding: NIH NCI ITCR R21 CA209940 (Pochet), NIH NIAID R03 AI131066 (Pochet), NIH NCI ITCR U01 CA214846 collaborative suppl. (Carey/Pochet)
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Big Data: multi-omics, clinical, imaging, perturbations,… across biological systems

Disease discovery Driver discovery Drug discovery

Model SystemsPatient Studies

Perturbation studies
Genetic perturbations for driver discovery
Chemical perturbations for drug discovery

Decipher disease heterogeneity
Multi-omics: (epi)genetics & functional genomics
Driver discovery via regulatory network inference

Bulk & single-cell multi-omics
Radiographic & histopathology imaging

Multi-omics & imaging
Genetic & chemical & etiology perturbations

Data-driven hypothesis generators based on multimodal and multiscale big data fusion?



*AMARETTO

links diseases, drivers, targets and drugs

via network graph-based fusion
of multi-omics, clinical, imaging and perturbation data

across model systems and patient studies of complex disease

software toolbox for network biology and medicine
towards developing a data-driven platform for diagnostic, 

prognostic and therapeutic decision-making in complex disease



*AMARETTO framework

Core: AMARETTO
Multimodal data fusion

within biological systems

Core: Community-AMARETTO
Multiscale data fusion

across biological systems

Downstream utility:
Interpreting experimental
& clinical outcomes



*AMARETTO discovers drugs reversing drivers and targets in complex disease

AMARETTO
 learns networks of regulatory circuits (modules) - circuits of drivers and target genes
 infers networks from functional genomics or multi-omics data
 associates circuits to clinical, molecular and imaging-derived phenotypes
 learns networks within each biological system (e.g., model systems or patients)

Community-AMARETTO
 learns subnetworks (communities) of regulatory circuits shared or distinct across multiple networks
 learns networks across multiple biological systems (e.g., model systems and patients,

cohorts and individuals, diseases and etiologies, in vitro and in vivo systems) 

Perturbation-AMARETTO
maps driver (genetic) perturbations in model systems onto patient-derived networks
maps drug (chemical) perturbations in model systems onto patient-derived networks
 identifies perturbations reversing disease-associated behavior, not affecting normal behavior
 prioritizes lead drivers, targets and drugs for follow-up with experimental validation

 *AMARETTO links diseases – drivers – targets – drugs



The *AMARETTO framework

The *AMARETTO framework:
1. the AMARETTO algorithm for inferring regulatory networks via multi-omics and imaging data fusion
2. the Community-AMARETTO algorithm for learning subnetworks shared/distinct across systems and diseases

non-invasive &
histopathology

imaging

driver & drug
discovery &
validation

AMARETTO Community-AMARETTO



The *AMARETTO framework

The *AMARETTO framework:
1. the AMARETTO algorithm for inferring regulatory networks via multi-omics and imaging data fusion
2. the Community-AMARETTO algorithm for learning subnetworks shared/distinct across systems and diseases
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*AMARETTO for regulatory network inference within systems and diseases
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Core AMARETTO: regulatory network inference



*AMARETTO for multi-omics data fusion in multiple systems and diseases
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AMARETTO: multi-omics data fusion

(*) GISTIC: Mermel et al., Genome Biology 2011; Beroukhim et al., Nature 2010
(**) MethylMix: Gevaert, Bioinformatics 2015;  Gevaert et al., Genome Biology 2015; Cedoz et al., Bioinformatics 2018
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The *AMARETTO framework

The *AMARETTO framework:
1. the AMARETTO algorithm for inferring regulatory networks via multi-omics and imaging data fusion
2. the Community-AMARETTO algorithm for learning subnetworks shared/distinct across systems and diseases
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*AMARETTO for learning subnetworks across systems and diseases
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Community-AMARETTO: learning communities/subnetworks



*AMARETTO for learning subnetworks across systems and diseases
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Functionalities for optimization and downstream analytics

Optimal generalization performance Stratification for disease phenotypes

Annotation of functional categories Association with imaging features

Subtype 1 Normal Subtype 2

radiographic & histopathology imaging



*AMARETTO application 1: pan-cancer study

AMARETTO

COADREAD

BLCA

BRCA

GBM

HNSC

KIRC

LAML

LIHC
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GBM modules
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Drivers of smoking-induced cancer and 
‘antiviral’ interferon-modulated innate 

immune response across 12 cancers



Pan-cancer communities or subnetworks

⇒ AMARETTO captures hallmarks of cancer

*AMARETTO application 1: pan-cancer study

Pan-cancer functional categories



*AMARETTO application 1: pan-cancer study

⇒ AMARETTO facilitates identification of known and novel cancer drivers and their targets

Driver discovery Driver validation

• OAS2 pan-cancer driver of ‘antiviral’ interferon-
modulated innate immune response 

• GPX2 pan-cancer driver of smoking-induced cancer

Genetic perturbation of GPX2 in the A549 (LUAD) cell line
⇒ Knocking down GPX2 represses 

target genes in GPX2-regulated modules



*AMARETTO application 2: virus-induced cancer

AMARETTO

Hepatitis C
virus infection

(HCV)

Hepatitis B
virus infection

(HBV)

Hepatocellular 
carcinoma

(HCC)

HCV time courses

HBV time courses HBV single cells

HCC (TCGA LIHC)

HCV single cells

Cell lines

Patients

Driver and drug discovery for hepatitis C 
(HCV) and hepatitis B (HBV) virus-induced 

hepatocellular carcinoma (HCC)



*AMARETTO application 2: virus-induced cancer

⇒ AMARETTO facilitates identification of known and novel drug compounds 
and how they modulate cancer drivers and their targets

Chemical perturbations in cell lines
Predict which drugs can reverse disease-associated modules

Alternative treatments with less severe adverse effects

Experimental validation of drugs in rat models
⇒ Two novel compounds attenuate HCC development

⇒ Safe and low-cost approach for chemoprevention of HCC?

Drug discovery Drug validation



*AMARETTO

Champion et al., EBioMedicine 2018

*AMARETTO:
1. Captures hallmarks of cancer
2. Facilitates identification of known and novel cancer drivers and their targets
3. Facilitates identification of known and novel drug compounds and how they modulate cancer drivers and their targets



1. A study of hepatitis C and B virus-induced hepatocellular carcinoma (LIHC) with driver 
and drug discovery for chemoprevention across pan-etiologies of hepatocellular 
carcinoma, experimentally validated in rat models

2. A study of glioblastoma multiforme (GBM) and low-grade glioma (LGG) with driver 
discovery for diagnostic and prognostic molecular subclasses associated with imaging-
derived features for non-invasive imaging diagnostics

3. A pan-cancer study across twelve cancer sites with driver discovery of pan-cancer 
drivers of smoking-induced and ‘antiviral’ interferon-modulated innate immune 
response cancer

4. A pan-cancer study of squamous cell carcinoma (SCC) across five SCC cancer sites, in 
particular, lung (LUSC), head and neck (HNSC), esophageal (ESCA), cervical (CESC) and 
bladder (BLCA)

Use Cases: integrating multi-omics, clinical, imaging, and driver and drug 
perturbation data across model systems and patient studies of cancer



Use Case 1: Studying virus-induced hepatocellular carcinoma
Driver prediction for hepatitis C and B virus-induced hepatocellular carcinoma across subnetworks derived 
from >6 systems validated in cell lines, and prediction of chemopreventive treatments modulating disease-
associated subnetworks using chemical perturbations in cell lines, experimentally validated in rat models

Driver and drug discovery for hepatitis C (HCV) and hepatitis B 
(HBV) virus-induced hepatocellular carcinoma (HCC)

Pan-etiology of cancer 
communities or subnetworks

Driver and drug discovery for chemoprevention of hepatitis C (HCV) and hepatitis B 
(HBV) virus-induced hepatocellular carcinoma (HCC)

⇒ AMARETTO facilitates identification of known and novel drug compounds 
and how they modulate cancer drivers and their targets

Drug validation:
Experimental validation of drugs in rat models
⇒ Two novel compounds attenuate HCC 

development
⇒ Safe and low-cost approach for 

chemoprevention of HCC?

Drug discovery:
Chemical perturbations in cell lines

Predict which drug compounds can reverse 
disease-associated circuits

Alternative treatments with less severe adverse 
effects?

Nathalie Pochet and Thomas Baumert, submitted

 Genes from 'subtype S1' signature of hepatocellular carcinoma (HCC): aberrant activation of the WNT signaling pathway
 Survival signature genes defined in adjacent liver tissue: genes correlated with poor survival of hepatocellular carcinoma (HCC) patients
 Polycomb Repression Complex 2 (PRC) targets; identified by ChIP on chip on human embryonic stem cells as genes that: possess the trimethylated 

H3K27 mark in their promoters and are bound by SUZ12 and EED Polycomb proteins
 IL8 pan-etiology driver of HCV and HBV virus-induced HCC associated with HCV and HBV viral load and HCC survival

Community 1

 Genes from 'subtype S2' signature of hepatocellular carcinoma (HCC): proliferation, MYC and AKT1 activation
 MYC targets; targets of c-Myc and Max identified by ChIP on chip in a Burkitt's lymphoma cell line; overlap set; and in cultured cell lines, focusing on E-box-containing genes; 

high affinity bound subset
 CORE stemness genes upregulated and identified by ChIP on chip as NOS (Nanog, OCT4, SOX2) transcription factor targets in human embryonic stem cells
 STX7 pan-etiology driver of HCV and HBV virus-induced HCC

Community 3

 Genes from 'subtype S3' signature of hepatocellular carcinoma (HCC): hepatocyte differentiation
 Survival signature genes defined in adjacent liver tissue: genes correlated with good survival of hepatocellular carcinoma (HCC) patients
 Liver specific genes from Human Gene Expression Index, the HuGE Index, http://www.hugeindex.org
 APOC3 pan-etiology driver of HCV and HBV virus-induced HCC validated in all 6 data sources using genetic perturbations of APOC3 in the HepG2 liver cancer cell line

Community 5

Community-AMARETTO report: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/index.html

NDEx network visualization: http://www.ndexbio.org/#/network/f50b3ecb-7b47-11e9-848d-0ac135e8bacf

Community-AMARETTO

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/index.html
http://www.ndexbio.org/#/network/f50b3ecb-7b47-11e9-848d-0ac135e8bacf


Use Case 1: Studying virus-induced hepatocellular carcinoma
Driver prediction for hepatitis C and B virus-induced hepatocellular carcinoma across subnetworks derived 
from >6 systems validated in cell lines, and prediction of chemopreventive treatments modulating disease-
associated subnetworks using chemical perturbations in cell lines, experimentally validated in rat models



1. A study of hepatitis C and B virus-induced hepatocellular carcinoma (LIHC) with driver 
and drug discovery for chemoprevention across pan-etiologies of hepatocellular 
carcinoma, experimentally validated in rat models

2. A study of glioblastoma multiforme (GBM) and low-grade glioma (LGG) with driver 
discovery for diagnostic and prognostic molecular subclasses associated with imaging-
derived features for non-invasive imaging diagnostics

3. A pan-cancer study across twelve cancer sites with driver discovery of pan-cancer 
drivers of smoking-induced and ‘antiviral’ interferon-modulated innate immune 
response cancer

4. A pan-cancer study of squamous cell carcinoma (SCC) across five SCC cancer sites, in 
particular, lung (LUSC), head and neck (HNSC), esophageal (ESCA), cervical (CESC) and 
bladder (BLCA)

Use Cases: integrating multi-omics, clinical, imaging, and driver and drug 
perturbation data across model systems and patient studies of cancer



Use Case 2: Studying multi-omics and imaging of gliomas
Driver prediction for multi-omics subnetworks associated with imaging-derived features representing 
prognostic molecular subclasses of gliomas and glioblastoma multiforme

 VERHAAK GLIOBLASTOMA MESENCHYMAL: Genes correlated with mesenchymal type of glioblastoma multiforme tumors
 Enriched for immune cell type-specific signatures
 Associated with imaging feature Proportion nCET (f6): lower expression, higher proportion of non-enhancing tumor (not edema)
 Survival analysis: induced expression of drivers and targets and association with poorer survival rates in the mesenchymal molecular subclass

Community-AMARETTO report: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/index.html

NDEx network visualization: http://www.ndexbio.org/#/network/c1f0fccf-80b6-11e9-848d-0ac135e8bacf

 VERHAAK GLIOBLASTOMA PRONEURAL: Genes correlated with proneural type of glioblastoma multiforme tumors
 NOUSHMEHR GBM SILENCED BY METHYLATION: Top 50 most differentially hypermethylated and down-regulated genes in proneural G-CIMP (a CpG island methylator phenotype) GBM (glioblastoma 

multiforme) tumors
 Molecular markers: PDGFRA, IDH1 and MGMT
 Methylation-driven drivers shared between GBM (Module 90) and LGG (Module 77): FBXO17, XKR8, RAB34/36
 Survival analysis: hypermethylated drivers, repressed expression of drivers and targets, and association with better survival rates in the G-CIMP and proneural molecular subclasses

Community-AMARETTO
TCGA GBM vs LGG

Community 1

Community 3

TCGA: association with survival IvyGAP: association with CThbv/CTmvp

Core
MYC

PRC

C1

C2

Community-AMARETTO
TCGA GBM vs IvyGAP GBM

GBM Module 90 LGG Module 150 GBM Module 77

Functional Enrichment Functional Enrichment Functional Enrichment

Phenotype Association Phenotype Association Phenotype Association

NOUSHMEHR GBM SILENCED BY 
METHYLATION
Top 50 most differentially 
hypermethylated and down-
regulated genes in proneural G-
CIMP (a CpG island methylator 
phenotype) GBM (glyoblastoma
multiforme) tumors

VERHAAK GLIOBLASTOMA 
MESENCHYMAL
Genes correlated with 
mesenchymal type of glioblastoma 
multiforme tumors

Survival Analysis
lower expression, better survival

Molecular Subclass
G-CIMP

Molecular Markers
IDH1 & MGMT

Survival Analysis
lower expression, better survival

Imaging
- Proportion nCET (f6)
lower expression, higher 
proportion of non-enhancing 
tumor (not edema)
- Proportion Enhancing (f5)
higher expression, higher 
proportion of enhancing tumor

Survival Analysis
higher expression, poorer survival

Molecular Subclass
Mesenchymal

Molecular Markers
IDH1

Imaging
- Proportion nCET (f6)
lower expression, higher 
proportion of non-enhancing 
tumor (not edema)

Community 1 Community 1 Community 3

Imaging

Clinical

Targets

Drivers

Methyl

CNV

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/index.html
http://www.ndexbio.org/#/network/c1f0fccf-80b6-11e9-848d-0ac135e8bacf


Use Case 2: Studying multi-omics and imaging of gliomas
Driver prediction for multi-omics subnetworks associated with imaging-derived features representing 
prognostic molecular subclasses of gliomas and glioblastoma multiforme

http://portals.broadinstitute.org/pochetlab/demo/Imaging_Features/Vasari%20MR%20Feature%20Guide_v1.1.pdf

http://portals.broadinstitute.org/pochetlab/demo/Imaging_Features/Vasari%20MR%20Feature%20Guide_v1.1.pdf


1. A study of hepatitis C and B virus-induced hepatocellular carcinoma (LIHC) with driver 
and drug discovery for chemoprevention across pan-etiologies of hepatocellular 
carcinoma, experimentally validated in rat models

2. A study of glioblastoma multiforme (GBM) and low-grade glioma (LGG) with driver 
discovery for diagnostic and prognostic molecular subclasses associated with imaging-
derived features for non-invasive imaging diagnostics

3. A pan-cancer study across twelve cancer sites with driver discovery of pan-cancer 
drivers of smoking-induced and ‘antiviral’ interferon-modulated innate immune 
response cancer

4. A pan-cancer study of squamous cell carcinoma (SCC) across five SCC cancer sites, in 
particular, lung (LUSC), head and neck (HNSC), esophageal (ESCA), cervical (CESC) and 
bladder (BLCA)

Use Cases: integrating multi-omics, clinical, imaging, and driver and drug 
perturbation data across model systems and patient studies of cancer



Use Case 3a: Pan-cancer driver discovery
Driver prediction for pan-cancer multi-omics subnetworks across 12 cancer (sub)types
validated using genetic perturbations in cell lines

Drivers of smoking-induced cancer and 
‘antiviral’ interferon-modulated innate 

immune response across 12 cancer 
(sub)types

Pan-cancer 
communities or 

subnetworks

Drivers of smoking-induced cancer and ‘antiviral’ interferon-modulated innate 
immune response across 12 cancer (sub)types (GBM, LIHC)

⇒ AMARETTO facilitates identification of known and novel cancer drivers and 
their targets

Driver discovery:
- OAS2 pan-cancer driver of ‘antiviral’ interferon-

modulated innate immune response
- GPX2 pan-cancer driver of smoking-induced cancer

Driver validation:
Genetic perturbations of GPX2 in the A549 

(LUAD) cell line
⇒ Knocking down GPX2 represses 

target genes in GPX2-regulated circuits

Nathalie Pochet and Olivier Gevaert, EBioMedicine 2018

Pan-cancer functional categories
⇒ AMARETTO captures 

hallmarks of cancer

Workflow of *AMARETTO:
First, AMARETTO infers regulatory networks within each biological system via multi-omics data fusion. 

Specifically, AMARETTO identifies potential cancer drivers by identifying genes whose genetic and 
epigenetic cancer aberrations have a direct functional impact on their own transcriptomic or proteomic 

expression. AMARETTO then connects these drivers with modules of co-expressed target genes that 
they putatively control, defined as regulatory circuits, using a penalized regulatory program. Second, 

Community-AMARETTO learns communities or subnetworks by connecting the regulatory circuits 
inferred from different systems to identify drivers across diseases or biological systems.



1. A study of hepatitis C and B virus-induced hepatocellular carcinoma (LIHC) with driver 
and drug discovery for chemoprevention across pan-etiologies of hepatocellular 
carcinoma, experimentally validated in rat models

2. A study of glioblastoma multiforme (GBM) and low-grade glioma (LGG) with driver 
discovery for diagnostic and prognostic molecular subclasses associated with imaging-
derived features for non-invasive imaging diagnostics

3. A pan-cancer study across twelve cancer sites with driver discovery of pan-cancer 
drivers of smoking-induced and ‘antiviral’ interferon-modulated innate immune 
response cancer

3. A pan-cancer study of squamous cell carcinoma (SCC) across five SCC cancer sites, in 
particular, lung (LUSC), head and neck (HNSC), esophageal (ESCA), cervical (CESC) and 
bladder (BLCA)

Use Cases: integrating multi-omics, clinical, imaging, and driver and drug 
perturbation data across model systems and patient studies of cancer



Driver prediction for pan-squamous cell carcinoma multi-omics subnetworks across 5 cancer sites, i.e., in lung 
(LUSC), head and neck (HNSC), esophageal (ESCA), cervical (CESC) and bladder (BLCA),
validated using genetic perturbations in cell lines

Use Case 3b: Pan-squamous cell carcinoma driver discovery



AMARETTO reports for case studies
Case Study 1 (virus-induced LIHC):
- TCGA LIHC: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index.html
- CCLE liver: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/CCLE_Liver/AMARETTOhtmls/index.html
- Time-course HCV: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/tcHCV/AMARETTOhtmls/index.html
- Single-cell HCV: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/scHCV/AMARETTOhtmls/index.html
- Time-course HBV: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/tcHBV/AMARETTOhtmls/index.html
- Single-cell HBV: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/scHBV/AMARETTOhtmls/index.html

Case Study 2 (gliomas GBM and LGG):
- TCGA GBM: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_GBM/AMARETTOhtmls/index.html
- TCGA LGG: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_LGG/AMARETTOhtmls/index.html

Case Study 3 (pan-squamous BLCA, CESC, ESCA, HNSC, LUSC):
- TCGA BLCA: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_BLCA/AMARETTOhtmls/index.html
- TCGA CESC: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_CESC/AMARETTOhtmls/index.html
- TCGA ESCA: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_ESCA/AMARETTOhtmls/index.html
- TCGA HNSC: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_HNSC/AMARETTOhtmls/index.html
- TCGA LUSC: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_LUSC/AMARETTOhtmls/index.html

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/CCLE_Liver/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/tcHCV/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/scHCV/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/tcHBV/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/scHBV/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_GBM/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_LGG/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_BLCA/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_CESC/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_ESCA/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_HNSC/AMARETTOhtmls/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_LUSC/AMARETTOhtmls/index.html


Community-AMARETTO reports for case studies

Case Study 1 (virus-induced LIHC):
- TCGA LIHC & CCLE liver & Time-course HCV & Single-cell HCV & Time-course HBV & Single-cell 

HBV: http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/index.html

Case Study 2 (gliomas GBM and LGG):
- TCGA GBM & LGG: 

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/index.html

Case Study 3 (pan-squamous BLCA, CESC, ESCA, HNSC, LUSC):
- TCGA BLCA & CESC & ESCA & HNSC & LUSC: 

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index.html

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/index.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index.html


Perturbation-AMARETTO reports for case studies

Case Study 1 (virus-induced LIHC):
- Driver discovery: https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drivers
- Drug discovery: https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drugs_Diseases

Case Study 2 (gliomas GBM and LGG):
- Driver discovery: https://pochetlab.shinyapps.io/pAMARETTO_Brain_2DS_Drivers

Case Study 3 (pan-squamous BLCA, CESC, ESCA, HNSC, LUSC):
- Driver discovery: 

https://pochetlab.shinyapps.io/pAMARETTO_AMARETTO_PanCancer_5DS_Drivers

https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drivers
https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drugs_Diseases
https://pochetlab.shinyapps.io/pAMARETTO_Brain_2DS_Drivers
https://pochetlab.shinyapps.io/pAMARETTO_AMARETTO_PanCancer_5DS_Drivers


Case Study 1

Hepatitis C and B virus-induced 
Hepatocellular Carcinoma (LIHC)



AMARETTO report LIHC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index.html
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AMARETTO report LIHC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index.html

…

Overview of Regulatory Modules

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index.html


AMARETTO report LIHC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index.html

…

Overview of Regulatory Modules

All tables: functionalities for querying, saving and viewing results

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index.html


AMARETTO report LIHC

Assignments of Genes to 
Regulatory Modules

…

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_AllGenes.html

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_AllGenes.html


AMARETTO report LIHC

Assignments of Genes to 
Regulatory Modules

…

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_AllGenes.html

Links to html pages with gene descriptions from GeneCards

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_AllGenes.html


AMARETTO report LIHC

Enrichments of Functional Categories 
in Regulatory Modules

 Functional characterization

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_GenesetsEnrichment.html

…

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_GenesetsEnrichment.html


AMARETTO report LIHC

Enrichments of Functional Categories 
in Regulatory Modules

 Functional characterization

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_GenesetsEnrichment.html

…

Links to html descriptions of gene signatures from MSigDB (H+C2)

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_GenesetsEnrichment.html


AMARETTO report LIHC

Associations of Phenotypes to 
Regulatory Modules

 Clinical characterization for 
clinical, molecular and imaging-
derived phenotypes

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_PhenoAssociation.html

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_PhenoAssociation.html
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Associations of Phenotypes to 
Regulatory Modules

 Clinical characterization for 
clinical, molecular and imaging-
derived phenotypes

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_PhenoAssociation.html

Clinical, molecular & imaging-derived phenotypes from TCGA/TCIA

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_PhenoAssociation.html


AMARETTO report LIHC

Enrichments of Driver Perturbations 
in Regulatory Modules

 Perturbation-AMARETTO v1 for 
driver discovery using genetic 
perturbations in model systems

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_GenesetsEnrichment_gp.html

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_GenesetsEnrichment_gp.html
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Enrichments of Driver Perturbations 
in Regulatory Modules

 Perturbation-AMARETTO v1 for 
driver discovery using genetic 
perturbations in model systems

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_GenesetsEnrichment_gp.html

Genetic perturbations from Encode, ChEA, LINCS/CMAP

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_GenesetsEnrichment_gp.html
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Enrichments of Drug Perturbations 
in Regulatory Modules

 Perturbation-AMARETTO v1 for 
drug discovery using chemical 
perturbations in model systems

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_GenesetsEnrichment_cp.html

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_GenesetsEnrichment_cp.html
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Enrichments of Drug Perturbations 
in Regulatory Modules

 Perturbation-AMARETTO v1 for 
drug discovery using chemical 
perturbations in model systems

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_GenesetsEnrichment_cp.html

Chemical perturbations from LINCS/CMAP

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_GenesetsEnrichment_cp.html
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http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_AllGenes.html

Search for module(s) regulated by MYC

⇒ Module 112 is regulated by MYC

Link to GeneCards description of MYC

Link to Module 112 report page

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_AllGenes.html
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http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_AllGenes.html

Search for module(s) regulated by MYC

⇒ Module 112 is regulated by MYC

Link to GeneCards description of MYC

Link to Module 112 report page

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_AllGenes.html
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http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_AllGenes.html

Search for module(s) regulated by MYC

⇒ Module 112 is regulated by MYC

Link to GeneCards description of MYC

Link to Module 112 report page

GeneCards

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_AllGenes.html


AMARETTO report LIHC: Module(s) regulated by MYC?

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_AllGenes.html

Search for module(s) regulated by MYC

⇒ Module 112 is regulated by MYC

Link to GeneCards description of MYC

Link to Module 112 report page
http://portals.broadinstitute.org/pochetlab/demo/c
AMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtml
s/modules/module112.html

Detailed report of MYC-driven Module 112

GeneCards

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index_AllGenes.html
http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/modules/module112.html
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Detailed report of MYC-driven 
Module 112:

heatmap visualization
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Activator and Repressor Driver Genes in Regulatory Module

Show 10 entries Search:CSV Excel PDF Print Column visibility

Driver Gene Weight

DCAF13 0.29

EIF3H 0.0348

BZW2 0.0206

NPM1 0.0205

10

All All

Previous 1 Next

MYC 0.0179

MYBBP1A 0.0148

E2F5 0.0129

NOP56 0.00215

Showing 1 to 8 of 8 entries

Detailed report of MYC-driven 
Module 112:

activator and repressor
driver genes

https://www.genecards.org/cgi-bin/carddisp.pl?gene=DCAF13
https://www.genecards.org/cgi-bin/carddisp.pl?gene=EIF3H
https://www.genecards.org/cgi-bin/carddisp.pl?gene=BZW2
https://www.genecards.org/cgi-bin/carddisp.pl?gene=NPM1
https://www.genecards.org/cgi-bin/carddisp.pl?gene=MYC
https://www.genecards.org/cgi-bin/carddisp.pl?gene=MYBBP1A
https://www.genecards.org/cgi-bin/carddisp.pl?gene=E2F5
https://www.genecards.org/cgi-bin/carddisp.pl?gene=NOP56
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Activator Driver Genes (weight > 0)
Repressor Driver Genes (weight < 0)

Activator and Repressor Driver Genes in Regulatory Module

Show 10 entries Search:CSV Excel PDF Print Column visibility

Driver Gene Weight

DCAF13 0.29

EIF3H 0.0348

BZW2 0.0206

NPM1 0.0205

10

All All

Previous 1 Next

MYC 0.0179

MYBBP1A 0.0148

E2F5 0.0129

NOP56 0.00215

Showing 1 to 8 of 8 entries

MYC

Detailed report of MYC-driven 
Module 112:

activator and repressor
driver genes

https://www.genecards.org/cgi-bin/carddisp.pl?gene=DCAF13
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Detailed report of MYC-driven 
Module 112:
target genes
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All

58 Target Genes in Module 112:

ARHGAP39, ATP6V1C1, ATP6V1H, BOP1, BZW2, C10orf2, C14orf33, C2orf76, C3orf32, DCAF13, DCAF4, DNAJA1,
DPH2, E2F5, EIF2C2, EIF3E, EIF3H, FAM49B, HSP90AA1, HSP90AB1, HSPA8, HSPH1, INTS8, IPO4, KHDRBS3,
KIAA0020, LYAR, MINA, MPHOSPH6, MRAP2, MRPL50, MTERFD1, MYBBP1A, MYC, NOB1, NOP16, NOP2, NPM1,
NUDCD1, NUDT19, P4HA1, PABPC1, POP1, PPA1, PTDSS1, PVT1, ROBO1, RPL23AP82, RPL36A, RPL7, RRP12,
RRS1, SAMD13, SLC26A7, TARS, TATDN1, USP27X, ZNF485

Detailed report of MYC-driven 
Module 112:
target genes

https://www.genecards.org/cgi-bin/carddisp.pl?gene=ARHGAP39
https://www.genecards.org/cgi-bin/carddisp.pl?gene=ATP6V1C1
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AMARETTO report LIHC Enrichments of Functional Categories in Regulatory Module

Show 10 entries Search:CSV Excel PDF Print Column visibility

Gene Set Name Gene Set Description
# Genes  
inGene  

Set

# Genes  
in    

Overlap

Genesin  
Overlap

%Genes  
in    

overlap
P-value FDR Q-

value

COX8A, DDB1,  
GTF3C4, INCENP,  
IPO7, MRPL49,  
PRPF19, XPO5,  
ZNHIT2

0.025 1.4e-7 0.0000012

AHCTF1,C11orf83,  
CDCA5, GTF3C4,  
MTCH2, NSUN2,  
PRMT3, QSER1,  
RNF219, SAAL1,  
TIMM10

0.014 0.0000022 0.00014

StemnessSignatures_ORKIN_MYC StemnessSignatures_ORKIN_MYC

Genes whose promoters contain E-box motifs and whose

355 9

WEI MYCN TARGETS WITH E BOX expression changed in MYCN-3 cells (neuroblastoma)
upon induction of MYCN [GeneID=4613].

795 11

StemnessSignatures_WEINBERG_MYC_MAX_TARGETS StemnessSignatures_WEINBERG_MYC_MAX_TARGETS 775 8
DDB1, SNX15,  
GTF3C4, BAZ1B,  
UBXN1, HNRNPL,  
ARFIP2, CSTF3

0.010 0.00042 0.0015

DANG BOUND BY MYC
Genes whose promoters are bound by MYC  
[GeneID=4609], according to MYC Target Gene Database. 1103 11

ARFGAP2, ARFIP2,  
BAZ1B, CLP1,  
CSTF3, DDB1,  
GTF3C4, MEN1,  
NAT10, TIMM10,  
UBXN1

0.010 0.000046 0.0015

SCHLOSSER SERUM RESPONSE AUGMENTED BY 
MYC

Cluster 2: genes up-regulated in B493-6 cells (B  
lymphocytes) by serum alone or in combination with MYC  
[GeneID=4609] but not by MYC alone.

108 4 KAT5, OTUB1,  
PRPF19, TAF6L 0.037 0.00011 0.0030

Set 'Myc targets2': targets of c-Myc [GeneID=4609] and ARFIP2, BAZ1B,

   

10 MYC

MYC All

Showing 1 to 8 of 8 entries (filtered from 1,137 total entries) Previous 1 Next

GTF3C4,HNRNPL,BENPORATH MYC MAX TARGETS Max [GeneID=4149] identified by ChIP on chip in a 775 8 CSTF3, DDB1, 0.010 0.00042 0.0075
Burkitt's lymphoma cell line; overlap set. SNX15, UBXN1

Genes selected in supervised analyses to discriminate
BILD MYC ONCOGENIC SIGNATURE cells expressing c-Myc [GeneID=4609] from control cells 206 4 C11orf48, SNHG1,

WDR74, XPO5 0.019 0.0013 0.016
expressing GFP.

HALLMARK MYC TARGETS V2 A subgroup of genes regulated by MYC - version 2 (v2). 58 2 PRMT3, WDR74 0.035 0.0079 0.050

Detailed report of MYC-driven 
Module 112:

functional characterization

http://software.broadinstitute.org/gsea/msigdb/cards/WEI_MYCN_TARGETS_WITH_E_BOX
http://software.broadinstitute.org/gsea/msigdb/cards/DANG_BOUND_BY_MYC
http://software.broadinstitute.org/gsea/msigdb/cards/SCHLOSSER_SERUM_RESPONSE_AUGMENTED_BY_MYC
http://software.broadinstitute.org/gsea/msigdb/cards/SCHLOSSER_SERUM_RESPONSE_AUGMENTED_BY_MYC
http://software.broadinstitute.org/gsea/msigdb/cards/BENPORATH_MYC_MAX_TARGETS
http://software.broadinstitute.org/gsea/msigdb/cards/BILD_MYC_ONCOGENIC_SIGNATURE
http://software.broadinstitute.org/gsea/msigdb/cards/HALLMARK_MYC_TARGETS_V2
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Gene Set Name Gene Set Description
# Genes  
inGene  

Set

# Genes  
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Overlap

Genesin  
Overlap

%Genes  
in    

overlap
P-value FDR Q-

value

COX8A, DDB1,  
GTF3C4, INCENP,  
IPO7, MRPL49,  
PRPF19, XPO5,  
ZNHIT2

0.025 1.4e-7 0.0000012

AHCTF1,C11orf83,  
CDCA5, GTF3C4,  
MTCH2, NSUN2,  
PRMT3, QSER1,  
RNF219, SAAL1,  
TIMM10

0.014 0.0000022 0.00014

StemnessSignatures_ORKIN_MYC StemnessSignatures_ORKIN_MYC

Genes whose promoters contain E-box motifs and whose

355 9

WEI MYCN TARGETS WITH E BOX expression changed in MYCN-3 cells (neuroblastoma)
upon induction of MYCN [GeneID=4613].

795 11

StemnessSignatures_WEINBERG_MYC_MAX_TARGETS StemnessSignatures_WEINBERG_MYC_MAX_TARGETS 775 8
DDB1, SNX15,  
GTF3C4, BAZ1B,  
UBXN1, HNRNPL,  
ARFIP2, CSTF3

0.010 0.00042 0.0015

DANG BOUND BY MYC
Genes whose promoters are bound by MYC  
[GeneID=4609], according to MYC Target Gene Database. 1103 11

ARFGAP2, ARFIP2,  
BAZ1B, CLP1,  
CSTF3, DDB1,  
GTF3C4, MEN1,  
NAT10, TIMM10,  
UBXN1

0.010 0.000046 0.0015

SCHLOSSER SERUM RESPONSE AUGMENTED BY 
MYC

Cluster 2: genes up-regulated in B493-6 cells (B  
lymphocytes) by serum alone or in combination with MYC  
[GeneID=4609] but not by MYC alone.

108 4 KAT5, OTUB1,  
PRPF19, TAF6L 0.037 0.00011 0.0030

Set 'Myc targets2': targets of c-Myc [GeneID=4609] and ARFIP2, BAZ1B,

   

10 MYC

MYC All

Showing 1 to 8 of 8 entries (filtered from 1,137 total entries) Previous 1 Next

GTF3C4,HNRNPL,BENPORATH MYC MAX TARGETS Max [GeneID=4149] identified by ChIP on chip in a 775 8 CSTF3, DDB1, 0.010 0.00042 0.0075
Burkitt's lymphoma cell line; overlap set. SNX15, UBXN1

Genes selected in supervised analyses to discriminate
BILD MYC ONCOGENIC SIGNATURE cells expressing c-Myc [GeneID=4609] from control cells 206 4 C11orf48, SNHG1,

WDR74, XPO5 0.019 0.0013 0.016
expressing GFP.

HALLMARK MYC TARGETS V2 A subgroup of genes regulated by MYC - version 2 (v2). 58 2 PRMT3, WDR74 0.035 0.0079 0.050

Filter for significant results & Search for MYC gene signatures

Link to MSigDB description of Hallmark MYC targets:

Detailed report of MYC-driven 
Module 112:

functional characterization

http://software.broadinstitute.org/gsea/msigdb/cards/WEI_MYCN_TARGETS_WITH_E_BOX
http://software.broadinstitute.org/gsea/msigdb/cards/DANG_BOUND_BY_MYC
http://software.broadinstitute.org/gsea/msigdb/cards/SCHLOSSER_SERUM_RESPONSE_AUGMENTED_BY_MYC
http://software.broadinstitute.org/gsea/msigdb/cards/SCHLOSSER_SERUM_RESPONSE_AUGMENTED_BY_MYC
http://software.broadinstitute.org/gsea/msigdb/cards/BENPORATH_MYC_MAX_TARGETS
http://software.broadinstitute.org/gsea/msigdb/cards/BILD_MYC_ONCOGENIC_SIGNATURE
http://software.broadinstitute.org/gsea/msigdb/cards/HALLMARK_MYC_TARGETS_V2
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Hoshida_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 3.1e-12 1.1e-11 Statistic:53

Hoshida_Cluster_S2_vs_rest (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 6.9e-12 3.0e-11

Estimate: 0.581, 95% CI: [0.423 , 0.726],
Statistics: 6820

Hoshida_Cluster_S3_vs_rest (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 1.5e-11 6.5e-11 Estimate: -0.564, 95% CI: [-0.709 , -0.407],

Statistics: 1790

mRNA_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 6.8e-11 1.8e-10 Statistic: 53.5

DNA_Copy_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 1.1e-11 5.6e-10 Statistic: 54

miRNA_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 9.7e-7 0.0000028 Statistic:33.4

Hypomethylation_Cluster (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 0.000069 0.00041 Statistic:19.2

CDKN2A_Silencing (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.000021 0.00078

Estimate: 0.374, 95% CI: [0.207 , 0.54],
Statistics: 5800

Paradigm_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 0.00060 0.00085 Statistic:17.4

CTNNB1_Mutation_Status (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.00040 0.0016

Estimate: 0.362, 95% CI: [0.17 , 0.554],
Statistics: 4360

TERT_Promoter_Mutation_Status (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.00011 0.0041 Estimate: 0.33, 95% CI: [0.169 , 0.502],

Statistics: 5620

TP53_Mutation_Status (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.0028 0.013

Estimate: 0.3, 95% CI: [0.0977 , 0.496],
Statistics: 4620

Consensus_Clinical_and_RNA_Seq_Hepatitis_B_Virus  
(WILCOXONRANKSUMTEST)

Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.0014 0.019 Estimate: 0.323, 95% CI: [0.129 , 0.517],

Statistics: 4150

iCluster_Clusters_1_vs_rest (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.027 0.046

Estimate: 0.213, 95% CI: [0.0224 , 0.386],
Statistics: 4680

RPPA_Clusters (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.031 0.054 Estimate: -0.208, 95% CI: [-0.402 , -0.0173],

Statistics: 2370
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SurvivalTime (COXPROPHAZARDTIMETOEVENT),
SurvivalCensoring (COXPROPHAZARDRIGHTCENSORING)

Survival Analysis: Cox proportional  
hazards regression (Wald test) 0.0013 0.14

Beta: 0.64749, Hazard Ratio: 1.9107, 95% CI:
[1.2877,2.8352], Wald Statistic: 10.34
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Hoshida_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 3.1e-12 1.1e-11 Statistic:53

Hoshida_Cluster_S2_vs_rest (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 6.9e-12 3.0e-11

Estimate: 0.581, 95% CI: [0.423 , 0.726],
Statistics: 6820

Hoshida_Cluster_S3_vs_rest (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 1.5e-11 6.5e-11 Estimate: -0.564, 95% CI: [-0.709 , -0.407],

Statistics: 1790

mRNA_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 6.8e-11 1.8e-10 Statistic: 53.5

DNA_Copy_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 1.1e-11 5.6e-10 Statistic: 54

miRNA_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 9.7e-7 0.0000028 Statistic:33.4

Hypomethylation_Cluster (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 0.000069 0.00041 Statistic:19.2

CDKN2A_Silencing (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.000021 0.00078

Estimate: 0.374, 95% CI: [0.207 , 0.54],
Statistics: 5800

Paradigm_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 0.00060 0.00085 Statistic:17.4

CTNNB1_Mutation_Status (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.00040 0.0016

Estimate: 0.362, 95% CI: [0.17 , 0.554],
Statistics: 4360

TERT_Promoter_Mutation_Status (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.00011 0.0041 Estimate: 0.33, 95% CI: [0.169 , 0.502],

Statistics: 5620

TP53_Mutation_Status (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.0028 0.013

Estimate: 0.3, 95% CI: [0.0977 , 0.496],
Statistics: 4620

Consensus_Clinical_and_RNA_Seq_Hepatitis_B_Virus  
(WILCOXONRANKSUMTEST)

Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.0014 0.019 Estimate: 0.323, 95% CI: [0.129 , 0.517],

Statistics: 4150

iCluster_Clusters_1_vs_rest (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.027 0.046

Estimate: 0.213, 95% CI: [0.0224 , 0.386],
Statistics: 4680

RPPA_Clusters (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.031 0.054 Estimate: -0.208, 95% CI: [-0.402 , -0.0173],

Statistics: 2370
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SurvivalTime (COXPROPHAZARDTIMETOEVENT),
SurvivalCensoring (COXPROPHAZARDRIGHTCENSORING)

Survival Analysis: Cox proportional  
hazards regression (Wald test) 0.0013 0.14

Beta: 0.64749, Hazard Ratio: 1.9107, 95% CI:
[1.2877,2.8352], Wald Statistic: 10.34
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Hoshida_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 3.1e-12 1.1e-11 Statistic:53

Hoshida_Cluster_S2_vs_rest (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 6.9e-12 3.0e-11

Estimate: 0.581, 95% CI: [0.423 , 0.726],
Statistics: 6820

Hoshida_Cluster_S3_vs_rest (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 1.5e-11 6.5e-11 Estimate: -0.564, 95% CI: [-0.709 , -0.407],

Statistics: 1790

mRNA_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 6.8e-11 1.8e-10 Statistic: 53.5

DNA_Copy_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 1.1e-11 5.6e-10 Statistic: 54

miRNA_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 9.7e-7 0.0000028 Statistic:33.4

Hypomethylation_Cluster (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 0.000069 0.00041 Statistic:19.2

CDKN2A_Silencing (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.000021 0.00078

Estimate: 0.374, 95% CI: [0.207 , 0.54],
Statistics: 5800

Paradigm_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 0.00060 0.00085 Statistic:17.4

CTNNB1_Mutation_Status (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.00040 0.0016

Estimate: 0.362, 95% CI: [0.17 , 0.554],
Statistics: 4360

TERT_Promoter_Mutation_Status (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.00011 0.0041 Estimate: 0.33, 95% CI: [0.169 , 0.502],

Statistics: 5620

TP53_Mutation_Status (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.0028 0.013

Estimate: 0.3, 95% CI: [0.0977 , 0.496],
Statistics: 4620

Consensus_Clinical_and_RNA_Seq_Hepatitis_B_Virus  
(WILCOXONRANKSUMTEST)

Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.0014 0.019 Estimate: 0.323, 95% CI: [0.129 , 0.517],

Statistics: 4150

iCluster_Clusters_1_vs_rest (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.027 0.046

Estimate: 0.213, 95% CI: [0.0224 , 0.386],
Statistics: 4680

RPPA_Clusters (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.031 0.054 Estimate: -0.208, 95% CI: [-0.402 , -0.0173],

Statistics: 2370
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SurvivalTime (COXPROPHAZARDTIMETOEVENT),
SurvivalCensoring (COXPROPHAZARDRIGHTCENSORING)

Survival Analysis: Cox proportional  
hazards regression (Wald test) 0.0013 0.14

Beta: 0.64749, Hazard Ratio: 1.9107, 95% CI:
[1.2877,2.8352], Wald Statistic: 10.34
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Hoshida_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 3.1e-12 1.1e-11 Statistic:53

Hoshida_Cluster_S2_vs_rest (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 6.9e-12 3.0e-11

Estimate: 0.581, 95% CI: [0.423 , 0.726],
Statistics: 6820

Hoshida_Cluster_S3_vs_rest (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 1.5e-11 6.5e-11 Estimate: -0.564, 95% CI: [-0.709 , -0.407],

Statistics: 1790

mRNA_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 6.8e-11 1.8e-10 Statistic: 53.5

DNA_Copy_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 1.1e-11 5.6e-10 Statistic: 54

miRNA_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 9.7e-7 0.0000028 Statistic:33.4

Hypomethylation_Cluster (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 0.000069 0.00041 Statistic:19.2

CDKN2A_Silencing (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.000021 0.00078

Estimate: 0.374, 95% CI: [0.207 , 0.54],
Statistics: 5800

Paradigm_Clusters (KRUSKALWALLISTEST)
Nominal Multi-Class Analysis:  
Kruskal-Wallis test 0.00060 0.00085 Statistic:17.4

CTNNB1_Mutation_Status (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.00040 0.0016

Estimate: 0.362, 95% CI: [0.17 , 0.554],
Statistics: 4360

TERT_Promoter_Mutation_Status (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.00011 0.0041 Estimate: 0.33, 95% CI: [0.169 , 0.502],

Statistics: 5620

TP53_Mutation_Status (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.0028 0.013

Estimate: 0.3, 95% CI: [0.0977 , 0.496],
Statistics: 4620

Consensus_Clinical_and_RNA_Seq_Hepatitis_B_Virus  
(WILCOXONRANKSUMTEST)

Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.0014 0.019 Estimate: 0.323, 95% CI: [0.129 , 0.517],

Statistics: 4150

iCluster_Clusters_1_vs_rest (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.027 0.046

Estimate: 0.213, 95% CI: [0.0224 , 0.386],
Statistics: 4680

RPPA_Clusters (WILCOXONRANKSUMTEST)
Nominal Two-Class Analysis:  
Wilcoxon rank sum test 0.031 0.054 Estimate: -0.208, 95% CI: [-0.402 , -0.0173],

Statistics: 2370
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SurvivalTime (COXPROPHAZARDTIMETOEVENT),
SurvivalCensoring (COXPROPHAZARDRIGHTCENSORING)

Survival Analysis: Cox proportional  
hazards regression (Wald test) 0.0013 0.14

Beta: 0.64749, Hazard Ratio: 1.9107, 95% CI:
[1.2877,2.8352], Wald Statistic: 10.34
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Gene Set Name Gene Set Description
# Genes  
inGene  

Set

# Genes  
in    

Overlap
Genes in Overlap

%Genes  
in    

overlap
P-value FDR Q-

value

SF1, MTCH2, CWF19L2, MRPS17, RRP8, CPSF7, VPS37C, BANF1, EIF4G2, ZFP91, MAP4K2, PRMT3,  
FAU, DNAJC24, HNRNPA1L2, CDCA5, EIF1AD, EIF3M, ATF7IP, SSRP1, TAF6L, KAT5, FTSJ2,  
GTF3C4, TMEM41B, CLP1, MAD2L1BP, METTL12, CLPTM1L, FEN1, MARK2, TRIM41, COX8A,

PDHX, CSTF3, AHCTF1, NSUN2, UTP3, MGA, INTS5,  
RNF219, INCENP, DDB1, NAT10, HNRNPL, ZNHIT2,  
TUT1, MRPL49, HNRNPUL2, PDS5B, PDS5A, NDUFS3,

Encode_MYC_K562_hg19 Encode_MYC_K562_hg19 6800 70 NUP188, POLA2, WDR74, POM121C, IPO7, 
ZDHHC5, SAAL1, SNHG1, PRPF19, BAZ1B,
KBTBD4, XPO5, CAPRIN1, KDM3B, PSMC3,  
TIMM10, CKAP5, ZNF195

Encode_MYC_HeLa-S3_hg19 Encode_MYC_HeLa-S3_hg19 3080
MTCH2, MRPS17, RRP8, IPO7, ARFIP2, CS

43 EIF4G2, ZFP91, SNHG1, PRPF19,PRMT3,
EIF3M, NAT10, QSER1, ATF7IP, SSRP1, ZN

TF3, UBXN1, NSUN2, UTP3, MGA, INTS5, ZDHHC5,  
FAU, DNAJC24, BAZ1B, HNRNPA1L2, INCENP, DDB1,  
HIT2, KAT5, XPO5, KDM3B, PSMC3, TUT1,MRPL49,

GTF3C4, HNRNPUL2, PDS5A, TMEM41B, CLP1, ARFGAP2, FEN1, ZNF195

0.010 2.2e-33 2.2e-29

0.014 2.3e-23 4.6e-20

Encode_MYC_MCF-7_hg19 Encode_MYC_MCF-7_hg19 5003 50
SF1, SDHAF2, TRIM41, COX8A, MRPS17, NUP188, POLA2, RRP8, POM121C, IPO7, ARFIP2, CPSF7,  
VPS37C, UTP3, MGA, INTS5, ZDHHC5, SAAL1, PRPF19, FAU, DNAJC24, BAZ1B, HNRNPA1L2,  
CDCA5, DDB1, ZNF431, EIF1AD, TBC1D14, ATF7IP, SSRP1, ZNHIT2, KAT5, KBTBD4, KDM3B,  
TMEM33, TUT1, MRPL49, FTSJ2, GANAB, HNRNPUL2, PDS5B, PDS5A, NDUFS3, SF3B2, TIMM10,  
ZNF107, METTL12, ARFGAP2, CKAP5, ZNF195

0.010 3.4e-21 4.2e-18

Encode_MYC_GM12878_hg19 Encode_MYC_GM12878_hg19 2000 31
BAZ1B, HNRNPA1L2, RNF219, DDB1, EIF1AD, COX8A, MRPS17, NUP188, OTUB1, RRP8, ARFIP2,  
KAT5, KBTBD4, KDM3B, TUT1, UTP3, MRPL49, FTSJ2, MGA, INTS5, HNRNPUL2, PDS5A, NDUFS3,  
CLP1, SF3B2, TIMM10, SAAL1, FEN1, FAU, DNAJC24, ZNF195

0.015 8.7e-18 5.0e-15

ChEA_MYC_18358816_ChIP-
ChIP_MESCs_Mouse

ChEA_MYC_18358816_ChIP-
ChIP_MESCs_Mouse 3413 38

COX8A, NUP188, POLA2, WDR74, MTA2, IPO7, CSTF3, AHCTF1, DDAH1, NSUN2, MGA, INTS5,  
BANF1, TGFBRAP1, PCNXL3, MEN1, PRPF19, MAP4K2, FAU, FIZ1, CDCA5, INCENP, DDB1, NAT10,  
ATF7IP, OTUB1, ZNHIT2, XPO5, PSMC3, TMEM33, TUT1, MRPL49, GTF3C4, GANAB, TMEM41B,  
MAD2L1BP, TIMM10, FEN1

0.011 4.0e-17 2.0e-14

ChEA_MYC_19030024_ChIP-
ChIP_MESCs_Mouse

ChEA_MYC_19030024_ChIP-
ChIP_MESCs_Mouse 3868 40

MTCH2, COX8A, CWF19L2, NUP188, POLA2, WDR74, IPO7, ARFIP2, CSTF3, AHCTF1, DDAH1,  
NSUN2, MGA, ZDHHC5, BANF1, EIF4G2, ZFP91, PRPF19, PRMT3, FAU, FIZ1, BAZ1B, CDCA5,  
INCENP, DDB1, NAT10, ATF7IP, SSRP1, OTUB1, TAF6L, XPO5, CAPRIN1, TMEM33, GTF3C4,  
NDUFS3, TMEM41B, MAD2L1BP, TIMM10, CLPTM1L, FEN1

0.010 5.5e-17 2.7e-14

Consensus_MYC_ENCODE Consensus_MYC_ENCODE 1515 24 BAZ1B, NSUN2, TUT1, UTP3, DDB1, EIF1AD, GTF3C4, EIF3M, MGA, NAT10, MRPS17, HNRNPUL2,  
BANF1, WDR74, HNRNPL, CLP1, RRP8, IPO7, ZFP91, SNHG1, CSTF3, PRMT3, XPO5, CAPRIN1 0.016 5.3e-14 5.9e-12

ChEA_MYC_18555785_ChIP-
Seq_MESCs_Mouse

ChEA_MYC_18555785_ChIP-
Seq_MESCs_Mouse 1200 20 SF1, CDCA5, INCENP, DDB1, MTCH2, COX8A, NAT10, BANF1, NDUFS3, TGFBRAP1, WDR74, SF3B2,  

TAF6L, EIF4G2, CSTF3, PRPF19, PRMT3, XPO5, FAU, FIZ1 0.017 3.6e-12 6.3e-10

ChEA_MYCN_18555785_ChIP-
Seq_MESCs_Mouse

ChEA_MYCN_18555785_ChIP-
Seq_MESCs_Mouse 2261 25

DDB1, MTCH2, CWF19L2, NUP188, POLA2, SSRP1, OTUB1, IPO7, KBTBD4, XPO5, DDAH1, NSUN2,  
MRPL49, FTSJ2, GTF3C4, GANAB, ZDHHC5, TMEM41B, TIMM10, DGKZ, EIF4G2, CLPTM1L, FEN1,  
FIZ1, MARK2

0.011 3.7e-11 5.0e-9

Encode_MYC_MCF 10A_hg19 Encode_MYC_MCF 10A_hg19 3382 29
SDHAF2, MTCH2, MRPS17, POM121C, ARFIP2, CPSF7, VPS37C, INTS5, SAAL1, EIF4G2, PRPF19,  
FIZ1, HNRNPA1L2, CDCA5, RNF219, EIF3M, TMEM223, SNRNP35, KAT5, KBTBD4, TUT1, FTSJ2,  
GTF3C4, GANAB, PDS5B, NDUFS3, TMEM41B, ZNF107, METTL12

0.0086 3.1e-10 1.7e-8
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Gene Set Name Gene Set Description
# Genes  
inGene  

Set

# Genes  
in    

Overlap
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in    

overlap
P-value FDR Q-

value

SF1, MTCH2, CWF19L2, MRPS17, RRP8, CPSF7, VPS37C, BANF1, EIF4G2, ZFP91, MAP4K2, PRMT3,  
FAU, DNAJC24, HNRNPA1L2, CDCA5, EIF1AD, EIF3M, ATF7IP, SSRP1, TAF6L, KAT5, FTSJ2,  
GTF3C4, TMEM41B, CLP1, MAD2L1BP, METTL12, CLPTM1L, FEN1, MARK2, TRIM41, COX8A,

PDHX, CSTF3, AHCTF1, NSUN2, UTP3, MGA, INTS5,  
RNF219, INCENP, DDB1, NAT10, HNRNPL, ZNHIT2,  
TUT1, MRPL49, HNRNPUL2, PDS5B, PDS5A, NDUFS3,

Encode_MYC_K562_hg19 Encode_MYC_K562_hg19 6800 70 NUP188, POLA2, WDR74, POM121C, IPO7, 
ZDHHC5, SAAL1, SNHG1, PRPF19, BAZ1B,
KBTBD4, XPO5, CAPRIN1, KDM3B, PSMC3,  
TIMM10, CKAP5, ZNF195

Encode_MYC_HeLa-S3_hg19 Encode_MYC_HeLa-S3_hg19 3080
MTCH2, MRPS17, RRP8, IPO7, ARFIP2, CS

43 EIF4G2, ZFP91, SNHG1, PRPF19,PRMT3,
EIF3M, NAT10, QSER1, ATF7IP, SSRP1, ZN

TF3, UBXN1, NSUN2, UTP3, MGA, INTS5, ZDHHC5,  
FAU, DNAJC24, BAZ1B, HNRNPA1L2, INCENP, DDB1,  
HIT2, KAT5, XPO5, KDM3B, PSMC3, TUT1,MRPL49,

GTF3C4, HNRNPUL2, PDS5A, TMEM41B, CLP1, ARFGAP2, FEN1, ZNF195

0.010 2.2e-33 2.2e-29

0.014 2.3e-23 4.6e-20

Encode_MYC_MCF-7_hg19 Encode_MYC_MCF-7_hg19 5003 50
SF1, SDHAF2, TRIM41, COX8A, MRPS17, NUP188, POLA2, RRP8, POM121C, IPO7, ARFIP2, CPSF7,  
VPS37C, UTP3, MGA, INTS5, ZDHHC5, SAAL1, PRPF19, FAU, DNAJC24, BAZ1B, HNRNPA1L2,  
CDCA5, DDB1, ZNF431, EIF1AD, TBC1D14, ATF7IP, SSRP1, ZNHIT2, KAT5, KBTBD4, KDM3B,  
TMEM33, TUT1, MRPL49, FTSJ2, GANAB, HNRNPUL2, PDS5B, PDS5A, NDUFS3, SF3B2, TIMM10,  
ZNF107, METTL12, ARFGAP2, CKAP5, ZNF195

0.010 3.4e-21 4.2e-18

Encode_MYC_GM12878_hg19 Encode_MYC_GM12878_hg19 2000 31
BAZ1B, HNRNPA1L2, RNF219, DDB1, EIF1AD, COX8A, MRPS17, NUP188, OTUB1, RRP8, ARFIP2,  
KAT5, KBTBD4, KDM3B, TUT1, UTP3, MRPL49, FTSJ2, MGA, INTS5, HNRNPUL2, PDS5A, NDUFS3,  
CLP1, SF3B2, TIMM10, SAAL1, FEN1, FAU, DNAJC24, ZNF195

0.015 8.7e-18 5.0e-15

ChEA_MYC_18358816_ChIP-
ChIP_MESCs_Mouse

ChEA_MYC_18358816_ChIP-
ChIP_MESCs_Mouse 3413 38

COX8A, NUP188, POLA2, WDR74, MTA2, IPO7, CSTF3, AHCTF1, DDAH1, NSUN2, MGA, INTS5,  
BANF1, TGFBRAP1, PCNXL3, MEN1, PRPF19, MAP4K2, FAU, FIZ1, CDCA5, INCENP, DDB1, NAT10,  
ATF7IP, OTUB1, ZNHIT2, XPO5, PSMC3, TMEM33, TUT1, MRPL49, GTF3C4, GANAB, TMEM41B,  
MAD2L1BP, TIMM10, FEN1

0.011 4.0e-17 2.0e-14

ChEA_MYC_19030024_ChIP-
ChIP_MESCs_Mouse

ChEA_MYC_19030024_ChIP-
ChIP_MESCs_Mouse 3868 40

MTCH2, COX8A, CWF19L2, NUP188, POLA2, WDR74, IPO7, ARFIP2, CSTF3, AHCTF1, DDAH1,  
NSUN2, MGA, ZDHHC5, BANF1, EIF4G2, ZFP91, PRPF19, PRMT3, FAU, FIZ1, BAZ1B, CDCA5,  
INCENP, DDB1, NAT10, ATF7IP, SSRP1, OTUB1, TAF6L, XPO5, CAPRIN1, TMEM33, GTF3C4,  
NDUFS3, TMEM41B, MAD2L1BP, TIMM10, CLPTM1L, FEN1

0.010 5.5e-17 2.7e-14

Consensus_MYC_ENCODE Consensus_MYC_ENCODE 1515 24 BAZ1B, NSUN2, TUT1, UTP3, DDB1, EIF1AD, GTF3C4, EIF3M, MGA, NAT10, MRPS17, HNRNPUL2,  
BANF1, WDR74, HNRNPL, CLP1, RRP8, IPO7, ZFP91, SNHG1, CSTF3, PRMT3, XPO5, CAPRIN1 0.016 5.3e-14 5.9e-12

ChEA_MYC_18555785_ChIP-
Seq_MESCs_Mouse

ChEA_MYC_18555785_ChIP-
Seq_MESCs_Mouse 1200 20 SF1, CDCA5, INCENP, DDB1, MTCH2, COX8A, NAT10, BANF1, NDUFS3, TGFBRAP1, WDR74, SF3B2,  

TAF6L, EIF4G2, CSTF3, PRPF19, PRMT3, XPO5, FAU, FIZ1 0.017 3.6e-12 6.3e-10

ChEA_MYCN_18555785_ChIP-
Seq_MESCs_Mouse

ChEA_MYCN_18555785_ChIP-
Seq_MESCs_Mouse 2261 25

DDB1, MTCH2, CWF19L2, NUP188, POLA2, SSRP1, OTUB1, IPO7, KBTBD4, XPO5, DDAH1, NSUN2,  
MRPL49, FTSJ2, GTF3C4, GANAB, ZDHHC5, TMEM41B, TIMM10, DGKZ, EIF4G2, CLPTM1L, FEN1,  
FIZ1, MARK2

0.011 3.7e-11 5.0e-9

Encode_MYC_MCF 10A_hg19 Encode_MYC_MCF 10A_hg19 3382 29
SDHAF2, MTCH2, MRPS17, POM121C, ARFIP2, CPSF7, VPS37C, INTS5, SAAL1, EIF4G2, PRPF19,  
FIZ1, HNRNPA1L2, CDCA5, RNF219, EIF3M, TMEM223, SNRNP35, KAT5, KBTBD4, TUT1, FTSJ2,  
GTF3C4, GANAB, PDS5B, NDUFS3, TMEM41B, ZNF107, METTL12

0.0086 3.1e-10 1.7e-8

 

10 MYC
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Perturbation-AMARETTO report LIHC
Perturbation-AMARETTO v2: driver validation & discovery using genetic perturbations from LINCS/CMAP

https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drivers/

https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drivers/


Perturbation-AMARETTO report LIHC
Perturbation-AMARETTO v2: driver validation & discovery using genetic perturbations from LINCS/CMAP

https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drivers/

Experiment Cell line Gene perturbed KO or OE Validation status in LIHC

https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drivers/


Perturbation-AMARETTO report LIHC
Perturbation-AMARETTO v2: driver validation & discovery using genetic perturbations from LINCS/CMAP

https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drivers/

Search for drivers of Module 112 validated using genetic perturbations from LINCS/CMAP: MYC, BZW2, E2F5, EIF3H, NPM1

https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drivers/


AMARETTO report LIHC Enrichments of Drug Perturbations in Regulatory Module

Show 10 entries Search:CSV Excel PDF Print Column visibility

Gene Set Name Gene Set Description
# Genes  
inGene  

Set

# Genes  
in    

Overlap

Genesin  
Overlap

%Genes  
in    

overlap
P-value FDR Q-

value

teniposide-1.25_DN teniposide-1.25_DN

LINCSCMAP_ChemicalPerturbation_CPC007_A375_24H- LINCSCMAP_ChemicalPerturbation_CPC007_A375_24H- 127 6
CPSF7, HNRNPL,  
BAZ1B,CAPRIN1, 0.047 5.1e-7 0.00013

t5247673-10.0_DN t5247673-10.0_DN ZNHIT2, NDUFS3

LINCSCMAP_ChemicalPerturbation_CPC006_THP1_6H- LINCSCMAP_ChemicalPerturbation_CPC006_THP1_6H- 81 5
ATF7IP, BAZ1B,  
CAPRIN1, PDS5B, 0.062 0.0000013 0.00027
ZNHIT2

 

10

All All

Previous 1 2 3 4 5 … 217 Next

nisoxetine_hydrochloride-10.0_DN nisoxetine_hydrochloride-10.0_DN EIF3M, ZNHIT2

vu0418946-2-10.0_DN vu0418946-2-10.0_DN OTUB1, ZNHIT2

BRD-A90643929-10.0_DN BRD-A90643929-10.0_DN AGBL2,ZNHIT2

mitomycin_c-10.0_DN mitomycin_c-10.0_DN ATF7IP,ZNHIT2

wortmannin-10.0_DN wortmannin-10.0_DN IPO7, ZNHIT2

a-1065-10.0_DN a-1065-10.0_DN

Showing 1 to 10 of 2,167 entries (filtered from 9,505 total entries)

RRP8, ZNHIT2

LINCSCMAP_ChemicalPerturbation_CPC006_VCAP_24H- LINCSCMAP_ChemicalPerturbation_CPC006_VCAP_24H- 162 6
CPSF7, HNRNPL,  
FTSJ2,RRP8, 0.037 0.0000021 0.00041

piplartine-10.0_DN piplartine-10.0_DN ZNHIT2, KDM3B

LINCSCMAP_ChemicalPerturbation_LJP005_HT29_24H- LINCSCMAP_ChemicalPerturbation_LJP005_HT29_24H- 114 5
PDHX, WDR74,  
PRPF19,
NAT10,

0.044 0.0000068 0.0010
XMD16-144-3.33_DN XMD16-144-3.33_DN FEN1

LINCSCMAP_ChemicalPerturbation_CPC017_MCF7_24H- LINCSCMAP_ChemicalPerturbation_CPC017_MCF7_24H- 64 4 DNAJC24, ATF7IP, 0.063 0.000015 0.0018

LINCSCMAP_ChemicalPerturbation_CPC012_HA1E_6H- LINCSCMAP_ChemicalPerturbation_CPC012_HA1E_6H- 67 4 ATF7IP, CAPRIN1, 0.060 0.000018 0.0020

LINCSCMAP_ChemicalPerturbation_CPC013_NPC_24H- LINCSCMAP_ChemicalPerturbation_CPC013_NPC_24H- 67 4 HNRNPL, ATF7IP, 0.060 0.000018 0.0020

LINCSCMAP_ChemicalPerturbation_CPC004_VCAP_6H- LINCSCMAP_ChemicalPerturbation_CPC004_VCAP_6H- 70 4 PDHX, ARFIP2, 0.057 0.000021 0.0023

LINCSCMAP_ChemicalPerturbation_CPC012_HA1E_6H- LINCSCMAP_ChemicalPerturbation_CPC012_HA1E_6H- 71 4 ATF7IP, CAPRIN1, 0.056 0.000022 0.0024

LINCSCMAP_ChemicalPerturbation_CPC014_ASC_24H- LINCSCMAP_ChemicalPerturbation_CPC014_ASC_24H- 71 4 HNRNPL, EIF3M, 0.056 0.000022 0.0024

Detailed report of MYC-driven 
Module 112:

drug discovery
 Perturbation-AMARETTO v1



AMARETTO report LIHC Enrichments of Drug Perturbations in Regulatory Module

Show 10 entries Search:CSV Excel PDF Print Column visibility

Gene Set Name Gene Set Description
# Genes  
inGene  

Set

# Genes  
in    

Overlap

Genesin  
Overlap

%Genes  
in    

overlap
P-value FDR Q-

value

teniposide-1.25_DN teniposide-1.25_DN

LINCSCMAP_ChemicalPerturbation_CPC007_A375_24H- LINCSCMAP_ChemicalPerturbation_CPC007_A375_24H- 127 6
CPSF7, HNRNPL,  
BAZ1B,CAPRIN1, 0.047 5.1e-7 0.00013

t5247673-10.0_DN t5247673-10.0_DN ZNHIT2, NDUFS3

LINCSCMAP_ChemicalPerturbation_CPC006_THP1_6H- LINCSCMAP_ChemicalPerturbation_CPC006_THP1_6H- 81 5
ATF7IP, BAZ1B,  
CAPRIN1, PDS5B, 0.062 0.0000013 0.00027
ZNHIT2

 

10

All All

Previous 1 2 3 4 5 … 217 Next

nisoxetine_hydrochloride-10.0_DN nisoxetine_hydrochloride-10.0_DN EIF3M, ZNHIT2

vu0418946-2-10.0_DN vu0418946-2-10.0_DN OTUB1, ZNHIT2

BRD-A90643929-10.0_DN BRD-A90643929-10.0_DN AGBL2,ZNHIT2

mitomycin_c-10.0_DN mitomycin_c-10.0_DN ATF7IP,ZNHIT2

wortmannin-10.0_DN wortmannin-10.0_DN IPO7, ZNHIT2

a-1065-10.0_DN a-1065-10.0_DN

Showing 1 to 10 of 2,167 entries (filtered from 9,505 total entries)

RRP8, ZNHIT2

LINCSCMAP_ChemicalPerturbation_CPC006_VCAP_24H- LINCSCMAP_ChemicalPerturbation_CPC006_VCAP_24H- 162 6
CPSF7, HNRNPL,  
FTSJ2,RRP8, 0.037 0.0000021 0.00041

piplartine-10.0_DN piplartine-10.0_DN ZNHIT2, KDM3B

LINCSCMAP_ChemicalPerturbation_LJP005_HT29_24H- LINCSCMAP_ChemicalPerturbation_LJP005_HT29_24H- 114 5
PDHX, WDR74,  
PRPF19,
NAT10,

0.044 0.0000068 0.0010
XMD16-144-3.33_DN XMD16-144-3.33_DN FEN1

LINCSCMAP_ChemicalPerturbation_CPC017_MCF7_24H- LINCSCMAP_ChemicalPerturbation_CPC017_MCF7_24H- 64 4 DNAJC24, ATF7IP, 0.063 0.000015 0.0018

LINCSCMAP_ChemicalPerturbation_CPC012_HA1E_6H- LINCSCMAP_ChemicalPerturbation_CPC012_HA1E_6H- 67 4 ATF7IP, CAPRIN1, 0.060 0.000018 0.0020

LINCSCMAP_ChemicalPerturbation_CPC013_NPC_24H- LINCSCMAP_ChemicalPerturbation_CPC013_NPC_24H- 67 4 HNRNPL, ATF7IP, 0.060 0.000018 0.0020

LINCSCMAP_ChemicalPerturbation_CPC004_VCAP_6H- LINCSCMAP_ChemicalPerturbation_CPC004_VCAP_6H- 70 4 PDHX, ARFIP2, 0.057 0.000021 0.0023

LINCSCMAP_ChemicalPerturbation_CPC012_HA1E_6H- LINCSCMAP_ChemicalPerturbation_CPC012_HA1E_6H- 71 4 ATF7IP, CAPRIN1, 0.056 0.000022 0.0024

LINCSCMAP_ChemicalPerturbation_CPC014_ASC_24H- LINCSCMAP_ChemicalPerturbation_CPC014_ASC_24H- 71 4 HNRNPL, EIF3M, 0.056 0.000022 0.0024

Detailed report of MYC-driven 
Module 112:

drug discovery
 Perturbation-AMARETTO v1

Search:

Showing 1 to 2 of 2 entries (filtered from 9,505 total entries) Previous 1 Next

Gene Set Name Gene Set Description
#Genes  
inGene  

Set

#Genes  
in    

Overlap

Genesin  
Overlap

%Genes  
in    

overlap
P-value FDRQ-

value

LINCSCMAP_ChemicalPerturbation_LJP006_HEPG2_24H- LINCSCMAP_ChemicalPerturbation_LJP006_HEPG2_24H-
sorafenib-10_DN sorafenib-10_DN 91 2 DDAH1, FEN1 0.022 0.019 0.11

LINCSCMAP_ChemicalPerturbation_LJP009_MCF7_24H-
regorafenib-10_DN

LINCSCMAP_ChemicalPerturbation_LJP009_MCF7_24H-
regorafenib-10_DN 98 2 BANF1, FEN1 0.020 0.021 0.11

 

orafenib

All All

Search for current LIHC treatments Sorafenib and Regorafenib:



Perturbation-AMARETTO report LIHC
Perturbation-AMARETTO v2: drug discovery using chemical perturbations from LINCS/CMAP

https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drugs_Diseases/ (under development)

https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drugs_Diseases/


Perturbation-AMARETTO report LIHC
Perturbation-AMARETTO v2: drug discovery using chemical perturbations from LINCS/CMAP

https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drugs_Diseases/ (under development)

Data set, Module Experiment, Cell line, Compound, Statistics Phenotype: Survival Statistics Reversed?

https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drugs_Diseases/


Perturbation-AMARETTO report LIHC
Perturbation-AMARETTO v2: drug discovery using chemical perturbations from LINCS/CMAP

https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drugs_Diseases/ (under development)

Search drug treatments reversing survival-associated Module 112 using chemical perturbations from LINCS/CMAP, Query: Sorafenib, Erlotinib, Nizatidine

https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drugs_Diseases/


AMARETTO report LIHC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index.html

Summary of MYC-regulated Module 112:

MYC CNV amplification, associated with induced MYC 
expression, and MYC is activator of its target genes

Associated with survival: higher expression, poorer 
survival

Enriched for gene signature 
HOSHIDA_LIVER_CANCER_SUBCLASS_S2 (Genes from 
'subtype S2' signature of hepatocellular carcinoma 
(HCC): proliferation, MYC and AKT1 activation.)

Drivers validated:
• MYC: ENCODE and ChEA ChIP-Seq, bound to its 

target genes
• MYC, BZW2, E2F5, EIF3H, NPM1: LINCS/CMAP 

genetic perturbations, modulating drivers 
modulates its target genes

Drugs: Sorafenib, Regorafenib, Erlotinib, Nizatidine,… 
reverse survival-associated behavior of driver and 
target genes of Module 112

MYC-driven Module 112

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/TCGA_LIHC/AMARETTOhtmls/index.html


Community-AMARETTO report virus-induced LIHC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/index.html

Community Network Visualization

 Genes from 'subtype S1' signature of hepatocellular carcinoma (HCC): aberrant activation of the WNT signaling pathway
 Survival signature genes defined in adjacent liver tissue: genes correlated with poor survival of hepatocellular carcinoma (HCC) patients
 Polycomb Repression Complex 2 (PRC) targets; identified by ChIP on chip on human embryonic stem cells as genes that: possess the trimethylated 

H3K27 mark in their promoters and are bound by SUZ12 and EED Polycomb proteins
 IL8 pan-etiology driver of HCV and HBV virus-induced HCC associated with HCV and HBV viral load and HCC survival

Community 1

 Genes from 'subtype S2' signature of hepatocellular carcinoma (HCC): proliferation, MYC and AKT1 activation
 MYC targets; targets of c-Myc and Max identified by ChIP on chip in a Burkitt's lymphoma cell line; overlap set; and in cultured cell lines, focusing on E-box-containing genes; 

high affinity bound subset
 CORE stemness genes upregulated and identified by ChIP on chip as NOS (Nanog, OCT4, SOX2) transcription factor targets in human embryonic stem cells
 STX7 pan-etiology driver of HCV and HBV virus-induced HCC

Community 3

 Genes from 'subtype S3' signature of hepatocellular carcinoma (HCC): hepatocyte differentiation
 Survival signature genes defined in adjacent liver tissue: genes correlated with good survival of hepatocellular carcinoma (HCC) patients
 Liver specific genes from Human Gene Expression Index, the HuGE Index, http://www.hugeindex.org
 APOC3 pan-etiology driver of HCV and HBV virus-induced HCC validated in all 6 data sources using genetic perturbations of APOC3 in the HepG2 liver cancer cell line

Community 5

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Liver_6DS/index.html


Perturbation-AMARETTO report virus-induced LIHC:
Driver validation & discovery: across modules in tcHCV, scHCV, tcHBV, scHBV, CCLE and LIHC

https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drivers/

Experiment, Cell line, Gene perturbed, KO or OE Validation status in 6 liver disease data sets

CCLE TCGA scHBV scHCV tcHBV tcHCV

https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drivers/


Perturbation-AMARETTO report virus-induced LIHC:
Drug discovery: Nizatidine reverses disease-associated modules in scHCV & scHBV (viral load), and LIHC (survival)

https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drugs_Diseases/ (under development)

https://pochetlab.shinyapps.io/pAMARETTO_Liver_6DS_Drugs_Diseases/


Case Study 2

Glioblastoma Multiforme (GBM)
& Low-grade Glioma (LGG)



Community-AMARETTO report GBM/LGG

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/index_PhenoAssociation.html

Clinical, molecular and imaging-derived phenotypes from TCGA Imaging-derived phenotypes from TCGA/TCIA VASARI/Rembrandt

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/index_PhenoAssociation.html


Community-AMARETTO report GBM/LGG

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/index_PhenoAssociation.html

Clinical, molecular and imaging-derived phenotypes from TCGA Imaging-derived phenotypes from TCGA/TCIA VASARI/Rembrandt

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/index_PhenoAssociation.html


AMARETTO report GBM

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_GBM/AMARETTOhtmls/modules/module130.html

CDK4-driven Module 130
Module 130 regulated by CDK4

CDK4 amplifications/deletions, associated with 
induced/repressed CDK4 expression levels

CDK4 is activator of its target genes
Target genes CDKN2A and MDM2

Represents proneural molecular subclass of GBM 
(higher expression)

Enriched for functional categories:
• TCGA GLIOBLASTOMA COPY NUMBER UP (Genes up-regulated 

and displaying increased copy number in glioblastoma samples)
• KEGG GLIOMA (Glioma)
• PID RB 1 PATHWAY (Regulation of retinoblastoma protein)
• KEGG P53 SIGNALING PATHWAY (p53 signaling pathway)

Drivers validated (across GBM and related LGG 
modules): CDK4, CDKN2A, MDM2: LINCS/CMAP

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_GBM/AMARETTOhtmls/modules/module130.html


Perturbation-AMARETTO report GBM/LGG
Perturbation-AMARETTO v2: drug discovery using chemical perturbations from LINCS/CMAP

https://pochetlab.shinyapps.io/pAMARETTO_Brain_2DS_Drivers/ (under development)

https://pochetlab.shinyapps.io/pAMARETTO_Brain_2DS_Drivers/


AMARETTO report GBM

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_GBM/AMARETTOhtmls/modules/module90.html

Summary of methylation-driven GBM Module 90:

Drivers: methylation-driven RBP1, PNPLA4, NSUN7, 
SLC25A20, FBXO17, XKR8, RAB36

Hypermethylation of drivers, associated with their 
repressed gene expression levels

Drivers are activators of their targets

Associated with:
- Survival (lower expression, better survival)
- Molecular subclass G-CIMP (lower expression)
- Molecular markers IDH1 and MGMT

Enriched for NOUSHMEHR GBM SILENCED BY 
METHYLATION (Top 50 most differentially 
hypermethylated and down-regulated genes in 
proneural G-CIMP (a CpG island methylator 
phenotype) GBM (glioblastoma multiforme) 
tumors)

Methylation-driven Module 90

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_GBM/AMARETTOhtmls/modules/module90.html


AMARETTO report LGG

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_LGG/AMARETTOhtmls/modules/module150.html

Summary of methylation-driven LGG Module 150:

Drivers: methylation-driven, shared drivers with 
GBM module 90 (Community 1)

Hypermethylation of drivers, associated with their 
repressed gene expression levels

Drivers are activators of their targets

Associated with:
- Survival (lower expression, better survival)
- Imaging:

- Proportion nCET (f6): lower expression, 
higher proportion of non-enhancing 
tumor (not edema)

- Proportion Enhancing (f5): higher 
expression, higher proportion of 
enhancing tumor

Methylation-driven Module 150

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_LGG/AMARETTOhtmls/modules/module150.html


AMARETTO report LGG

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_LGG/AMARETTOhtmls/modules/module150.html

Summary of methylation-driven LGG Module 150:

Drivers: methylation-driven, shared drivers with 
GBM module 90 (Community 1)

Hypermethylation of drivers, associated with their 
repressed gene expression levels

Drivers are activators of their targets

Associated with:
- Survival (lower expression, better survival)
- Imaging:

- Proportion nCET (f6): lower expression, 
higher proportion of non-enhancing 
tumor (not edema)

- Proportion Enhancing (f5): higher 
expression, higher proportion of 
enhancing tumor

Methylation-driven Module 150

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_LGG/AMARETTOhtmls/modules/module150.html


AMARETTO report GBM

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_GBM/AMARETTOhtmls/modules/module77.html

Summary of methylation-driven GBM Module 77:

Drivers: methylation-driven

Hypermethylation of drivers, associated with their 
repressed gene expression levels

Drivers are activators of their targets

Associated with:
- Survival (higher expression, poorer survival)
- Molecular subclass Mesenchymal (higher 

expression)
- Molecular marker IDH1
- Imaging:

- Proportion nCET (f6): lower expression, 
higher proportion of non-enhancing 
tumor (not edema)

Enriched for VERHAAK GLIOBLASTOMA 
MESENCHYMAL (Genes correlated with 
mesenchymal type of glioblastoma multiforme 
tumors)

Methylation-driven Module 77

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_GBM/AMARETTOhtmls/modules/module77.html


AMARETTO report GBM

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_GBM/AMARETTOhtmls/modules/module77.html

Summary of methylation-driven GBM Module 77:

Drivers: methylation-driven

Hypermethylation of drivers, associated with their 
repressed gene expression levels

Drivers are activators of their targets

Associated with:
- Survival (higher expression, poorer survival)
- Molecular subclass Mesenchymal (higher 

expression)
- Molecular marker IDH1
- Imaging:

- Proportion nCET (f6): lower expression, 
higher proportion of non-enhancing 
tumor (not edema)

Enriched for VERHAAK GLIOBLASTOMA 
MESENCHYMAL (Genes correlated with 
mesenchymal type of glioblastoma multiforme 
tumors)

Methylation-driven Module 77

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/TCGA_GBM/AMARETTOhtmls/modules/module77.html


Community-AMARETTO report GBM/LGG

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/index.html

Community Network Visualization

 VERHAAK GLIOBLASTOMA MESENCHYMAL: Genes correlated with mesenchymal type of glioblastoma multiforme tumors
 Enriched for immune cell type-specific signatures
 Associated with imaging feature Proportion nCET (f6): lower expression, higher proportion of non-enhancing tumor (not edema)
 Survival analysis: induced expression of drivers and targets and association with poorer survival rates in the mesenchymal molecular subclass

 VERHAAK GLIOBLASTOMA PRONEURAL: Genes correlated with proneural type of glioblastoma multiforme tumors
 NOUSHMEHR GBM SILENCED BY METHYLATION: Top 50 most differentially hypermethylated and down-regulated genes in proneural G-CIMP (a CpG island methylator phenotype) GBM (glioblastoma 

multiforme) tumors
 Molecular markers: PDGFRA, IDH1 and MGMT
 Methylation-driven drivers shared between GBM (Module 90) and LGG (Module 77): FBXO17, XKR8, RAB34/36
 Survival analysis: hypermethylated drivers, repressed expression of drivers and targets, and association with better survival rates in the G-CIMP and proneural molecular subclasses

Community 1

Community 3

Perturbation-AMARETTO (under development):
- driver validation & discovery: 

https://pochetlab.shinyapps.io/pAMARETTO_Brain_2DS_Drivers/
- drug discovery: https://pochetlab.shinyapps.io/pAMARETTO_Brain_2DS_Drivers

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_Brain_2DS/index.html
https://pochetlab.shinyapps.io/pAMARETTO_Brain_2DS_Drivers/
https://pochetlab.shinyapps.io/pAMARETTO_Brain_2DS_Drivers


Case Study 3

Pan-squamous cell carcinoma (SCC)
across 5 SCC cancer sites: lung (LUSC), head and neck (HNSC), 

esophageal (ESCA), cervical (CESC) and bladder (BLCA)



Community-AMARETTO report SCC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index.html

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index.html


Community-AMARETTO report SCC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index.html

Run Information: links to AMARETTO reports 
combined in Community-AMARETTO report

Community Network Visualization

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index.html


Community-AMARETTO report SCC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index.html

Run Information: links to AMARETTO reports 
combined in Community-AMARETTO report

Community Network Visualization

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index.html


Community-AMARETTO report SCC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index_AllCommunities.html

Assignments of Regulatory Modules 
Shared or Distinct across Communities 
and Data Sets

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index_AllCommunities.html


Community-AMARETTO report SCC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index_AllGenes.html

Assignments of Genes to Communities

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index_AllGenes.html


Community-AMARETTO report SCC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index_Drivers.html

Assignments of Driver Genes 
Shared or Distinct across 
Communities and Data Sets

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index_Drivers.html


Community-AMARETTO report SCC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index_Drivers2.html

Assignments of Driver Genes 
to Communities

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index_Drivers2.html


Community-AMARETTO report SCC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index_GenesetsEnrichment.html

Enrichments of Functional Categories 
in Communities

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index_GenesetsEnrichment.html


Community-AMARETTO report SCC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index_PhenoAssociation.html

Association of Phenotypes 
to Communities

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index_PhenoAssociation.html


Community-AMARETTO report SCC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index_GenesetsEnrichment_gp.html

Enrichments of Driver Perturbations 
in Communities

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index_GenesetsEnrichment_gp.html


Community-AMARETTO report SCC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index_GenesetsEnrichment_cp.html

Enrichments of Drug Perturbations 
in Communities

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/index_GenesetsEnrichment_cp.html


Community-AMARETTO report SCC: Module(s) regulated by SOX2?

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/communities/Community_1.html

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/communities/Community_1.html


Community-AMARETTO report SCC: Module(s) regulated by SOX2?

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/communities/Community_1.html

Data Set Module Gene Gene Type
TCGA_BLCA Module 8 SOX2 Target
TCGA_CESC Module 14 SOX2 Target
TCGA_CESC Module 14 SOX2 Driver
TCGA_ESCA Module 83 SOX2 Target
TCGA_HNSC Module 51 SOX2 Target
TCGA_HNSC Module 51 SOX2 Driver
TCGA_HNSC Module 106 SOX2 Driver
TCGA_LUSC Module 18 SOX2 Target
TCGA_LUSC Module 18 SOX2 Driver
TCGA_LUSC Module 37 SOX2 Driver
TCGA_LUSC Module 41 SOX2 Driver
TCGA_LUSC Module 61 SOX2 Driver
TCGA_LUSC Module 94 SOX2 Driver

Community-AMARETTO Community 1

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/communities/Community_1.html


Community-AMARETTO report SCC: Module(s) regulated by SOX2?

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/communities/Community_1.html

Data Set Module Gene Gene Type
TCGA_BLCA Module 8 SOX2 Target
TCGA_CESC Module 14 SOX2 Target
TCGA_CESC Module 14 SOX2 Driver
TCGA_ESCA Module 83 SOX2 Target
TCGA_HNSC Module 51 SOX2 Target
TCGA_HNSC Module 51 SOX2 Driver
TCGA_HNSC Module 106 SOX2 Driver
TCGA_LUSC Module 18 SOX2 Target
TCGA_LUSC Module 18 SOX2 Driver
TCGA_LUSC Module 37 SOX2 Driver
TCGA_LUSC Module 41 SOX2 Driver
TCGA_LUSC Module 61 SOX2 Driver
TCGA_LUSC Module 94 SOX2 Driver

Community-AMARETTO Community 1

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/communities/Community_1.html


Community-AMARETTO report SCC: Module(s) regulated by SOX2?

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/communities/Community_1.html

Data Set Module Gene Gene Type
TCGA_BLCA Module 8 SOX2 Target
TCGA_CESC Module 14 SOX2 Target
TCGA_CESC Module 14 SOX2 Driver
TCGA_ESCA Module 83 SOX2 Target
TCGA_HNSC Module 51 SOX2 Target
TCGA_HNSC Module 51 SOX2 Driver
TCGA_HNSC Module 106 SOX2 Driver
TCGA_LUSC Module 18 SOX2 Target
TCGA_LUSC Module 18 SOX2 Driver
TCGA_LUSC Module 37 SOX2 Driver
TCGA_LUSC Module 41 SOX2 Driver
TCGA_LUSC Module 61 SOX2 Driver
TCGA_LUSC Module 94 SOX2 Driver

Community-AMARETTO Community 1

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/communities/Community_1.html


Community-AMARETTO report SCC: Module(s) regulated by SOX2?

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/communities/Community_1.html

Data Set Module Gene Gene Type
TCGA_BLCA Module 8 SOX2 Target
TCGA_CESC Module 14 SOX2 Target
TCGA_CESC Module 14 SOX2 Driver
TCGA_ESCA Module 83 SOX2 Target
TCGA_HNSC Module 51 SOX2 Target
TCGA_HNSC Module 51 SOX2 Driver
TCGA_HNSC Module 106 SOX2 Driver
TCGA_LUSC Module 18 SOX2 Target
TCGA_LUSC Module 18 SOX2 Driver
TCGA_LUSC Module 37 SOX2 Driver
TCGA_LUSC Module 41 SOX2 Driver
TCGA_LUSC Module 61 SOX2 Driver
TCGA_LUSC Module 94 SOX2 Driver

Community-AMARETTO Community 1

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/communities/Community_1.html


Community-AMARETTO report SCC: Module(s) regulated by SOX2?

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/communities/Community_1.html

Data Set Module Gene Gene Type
TCGA_BLCA Module 8 SOX2 Target
TCGA_CESC Module 14 SOX2 Target
TCGA_CESC Module 14 SOX2 Driver
TCGA_ESCA Module 83 SOX2 Target
TCGA_HNSC Module 51 SOX2 Target
TCGA_HNSC Module 51 SOX2 Driver
TCGA_HNSC Module 106 SOX2 Driver
TCGA_LUSC Module 18 SOX2 Target
TCGA_LUSC Module 18 SOX2 Driver
TCGA_LUSC Module 37 SOX2 Driver
TCGA_LUSC Module 41 SOX2 Driver
TCGA_LUSC Module 61 SOX2 Driver
TCGA_LUSC Module 94 SOX2 Driver

Community-AMARETTO Community 1

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/communities/Community_1.html


Community-AMARETTO report pan-SCC - AMARETTO report LUSC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_LUSC/AMARETTOhtmls/modules/module37.html

Summary of SOX2-regulated LUSC Module 37:

Drivers: SOX2, TP63, PIK3CA

SOX2 CNV amplification, associated with induced 
SOX2 expression

SOX2, TP63, PIK3CA are activators of their targets

Associated with survival (lower expression, poorer 
survival) and TCGA multi-omics clusters (CNV)

Enriched for PI3K pathway, stemness and 
squamous-specific gene signatures

Drivers validated:
• SOX2 and TP63: ENCODE and ChEA ChIP-Seq, 

bound to its target genes
• SOX2 and PIK3CA: LINCS/CMAP genetic 

perturbations, modulating drivers modulates its 
target genes

SOX2/TP63/PIK3CA-driven Module 37

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_LUSC/AMARETTOhtmls/modules/module37.html


Perturbation-AMARETTO report SCC/LUSC
Perturbation-AMARETTO v2: driver validation & discovery using genetic perturbations from LINCS/CMAP

https://pochetlab.shinyapps.io/pAMARETTO_AMARETTO_PanCancer_5DS_Drivers/ (under development)

https://pochetlab.shinyapps.io/pAMARETTO_AMARETTO_PanCancer_5DS_Drivers/


Community-AMARETTO report pan-SCC - AMARETTO report HNSC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_HNSC/AMARETTOhtmls/modules/module51.html

Summary of SOX2/GPX2-regulated HNSC Module 51:

SOX2 CNV amplification, associated with induced 
SOX2 expression

GPX2 hypo/hyper-methylation, associated with 
induced/repressed GPX2 expression

SOX2 and GPX2 are activators of their targets

Associated with smoking and HPV, and TCGA multi-
omics clusters (CNV and methylation)

Enriched for HNSC and SCC-specific gene signatures

SOX2 and GPX2 validated for HNSC/LUSC modules

SOX2/GPX2-driven Module 51

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_HNSC/AMARETTOhtmls/modules/module51.html


Community-AMARETTO report pan-SCC - AMARETTO report HNSC

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_HNSC/AMARETTOhtmls/modules/module79.html

Summary of GPX2-regulated HNSC Module 79:

GPX2 hypo/hyper-methylation, associated with 
induced/repressed GPX2 expression

GPX2 is an activator of its target genes

Associated with smoking (lower expression ~non-
smoking) and HPV (lower expression ~HPV), and 
TCGA multi-omics clusters (methylation)

Enriched for HNSC and SCC-specific gene 
signatures

SOX2 and GPX2 validated using KD experiments in 
A549 cell line for HNSC/LUSC modules

GPX2-driven Module 79

http://portals.broadinstitute.org/pochetlab/demo/cAMARETTO_PanCancer_5DS/TCGA_HNSC/AMARETTOhtmls/modules/module79.html


*AMARETTO source code, tools & notebooks
*AMARETTO is available via:
 GitHub

 Bioconductor
 Jupyter Notebook
 GenePattern

 GenomeSpace
 GenePattern Notebook

Tools and resources:
http://portals.broadinstitute.org/pochetlab/amaretto.html

http://portals.broadinstitute.org/pochetlab/amaretto.html


…

*AMARETTO GenePattern Notebook

https://notebook.genepattern.org/services/sharing/notebooks/334/preview/

https://notebook.genepattern.org/services/sharing/notebooks/334/preview/


https://colab.research.google.com/drive/1JfnRoNgTVX_7VEGAAmjGjwP_yX2tdDxs

*AMARETTO R Jupyter Notebook

…

https://colab.research.google.com/drive/1JfnRoNgTVX_7VEGAAmjGjwP_yX2tdDxs


*AMARETTO R Jupyter Notebook Use Case 1

https://colab.research.google.com/drive/17GieTfYriTVlbKchl-OEb5nI_NA2vvjQ#scrollTo=uMfrol3e-0NU

…

https://colab.research.google.com/drive/17GieTfYriTVlbKchl-OEb5nI_NA2vvjQ#scrollTo=uMfrol3e-0NU


*AMARETTO R Jupyter Notebook Use Case 2

https://colab.research.google.com/drive/11Q0GH6YHCoTZrDfHrUavixAi_f_qGBau#scrollTo=LujO14znmO0J

…

https://colab.research.google.com/drive/11Q0GH6YHCoTZrDfHrUavixAi_f_qGBau#scrollTo=LujO14znmO0J


*AMARETTO R Jupyter Notebook Use Case 3

https://colab.research.google.com/drive/17RwBxwWWnXJMRI_VZl-X-hztJTwvlFjl#scrollTo=WY-C5lDxdDYw

…

https://colab.research.google.com/drive/17RwBxwWWnXJMRI_VZl-X-hztJTwvlFjl#scrollTo=WY-C5lDxdDYw
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