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Outline 
• The Cancer Genome Atlas (TCGA) 
• Genomic Data Commons (GDC) 
• COSMIC database (mutations database) 
• cBioPortal for cancer genomics 
• GTEX 
• Precision Medicine in Cancer  
• Single-cell RNA-Seq 
• Proteomics 
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The Cancer Genome Atlas (TCGA) 

 

Reusing the slides from Kenna Shaw’s presentation 
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TCGA core objectives 
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TCGA multiple data types 
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Rare tumors projects initiated in 2012 
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Genomic Data Commons - GDC 
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Genomic Data Commons 

● A NCI repository for The Cancer Genome Atlas 
and Genomics data.  

● It consists of data from 68 primary sites 
● >33,605 cases 
● >Three million mutations 
● 374,699 files  
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Genomic data commons 
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Projects 
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Exploration 
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Analysis 
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Repository 
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COSMIC 
“COSMIC, the Catalogue Of Somatic Mutations In Cancer, is 
the world's largest and most comprehensive resource for 
exploring the impact of somatic mutations in human cancer.” 
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Expert curated database 
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Drug Resistance and tissue distribution 
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Cell Lines Project 
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Cell lines project  

● Mutation profiles of over 1,000 cell lines used in 
cancer research 

● MCF7 

21 



©2017 MFMER  |  3702274-22 

COSMIC-3D 
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COSMIC-3D 
● A platform for understanding cancer mutations in 

the context of 3D protein structure. 
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COSMIC 
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Gene Tiers in Cancer Gene Census  

● Census tiers – 723 genes 
● Tier 1 – A gene must possess a documented 

activity relevant to cancer, along with evidence of 
mutations in cancer which change the activity of 
the gene product in a way that promotes 
oncogenic transformation.  

● Tier 2 - Consists of genes with strong indications 
of a role in cancer but with less extensive 
available evidence.  
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Breakdown of Genes/mutations 
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cBioPortal 
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Somatic mutations in different cancer types 

Lawrence MS et al., Nature 2013 
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Public cancer genomics data for mining 

● Cbioportal 
● Visualization of multi-omics data 
● Conduct simple analysis 
● Summary of mutations and other data types 
● Walkthrough simple queries 

○ Glioma example 
○ Breast cancer example 
○ Pan-can analysis 
○ Other examples 

http://www.cbioportal.org/index.do 

Barrowed few slides from cbioportal  
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http://www.cbioportal.org/index.do?session_id=59690649498e5df2e292870c&show_samples=false&clinicallist=AGE&#enrichementTabDiv
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Overview 
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Overview of Tabs in a Single Study Query  

http://www.cbioportal.org/index.do 31 

http://www.cbioportal.org/index.do?session_id=59690649498e5df2e292870c&show_samples=false&clinicallist=AGE&#enrichementTabDiv
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Glioma example 
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Query overview 

Browse 
available 

datasets and 
initiate 
queries 

Number of 
studies for 
each organ 

system (click 
to filter) 

List of all 
studies, 

organized by 
organ system 

Search 
studies 

Click here for a 
drop-down menu 

with some 
common 

searches and 
examples of 

advanced search 
features 

http://www.cbioportal.org/index.do 

Download 
data 

33 

http://www.cbioportal.org/index.do?session_id=59690649498e5df2e292870c&show_samples=false&clinicallist=AGE&#enrichementTabDiv


©2017 MFMER  |  3702274-34 

34 



©2017 MFMER  |  3702274-35 

35 



©2017 MFMER  |  3702274-36 

Glioma Query 
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Annotations and Filtering 
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Mutually exclusive – alterations in one gene tend to not have alterations in 
other genes 
Patients with alterations in EGFR tend to be older than patients with IDH1/2 
alterations. 

40 
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Mutual Exclusivity with Glioblastoma example 
All pairwise combinations of query 

genes analyzed for mutual 
exclusivity or co-occurrence in the 

queried samples. 

On the OncoPrint tab we could see 
visually that alterations in these three 

query genes tended to be mutually 
exclusive. Here we can address that 

same question with a statistical 
analysis. 

p-Value comes from Fisher 
Exact Test. Note that this is 
an unadjusted p-value and 
may need to be corrected 

for multiple hypothesis 
testing. 

A positive value here suggests that 
alterations in these genes co-occur in the 

same samples, while a negative value 
suggests that alterations in these genes 

are mutually exclusive and occur in 
different samples. 

log2(                                               ) 
odds of alteration in B given alteration in A 

odds of alteration in B given lack of alteration in A 

Click on any 
column 

header to 
sort. Hover 

over the 
column 

names for 
more details 
about how 
values are 
calculated. 

http://www.cbioportal.org/index.do 
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http://www.cbioportal.org/index.do?session_id=59690649498e5df2e292870c&show_samples=false&clinicallist=AGE&#enrichementTabDiv
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Plots Depending on available data types for a given 
study, this tab allows for plots comparing copy 

number, gene expression, protein levels and DNA 
methylation of query genes, along with any 

available clinical attributes. 

Select a query 
gene 

Choose genetic or 
clinical 

Select data type 
and processing 

Swap horizontal & 
vertical axis 

If checked, 
vertical axis will 
automatically 

show the same 
gene as 

horizontal axis. 

Each dot 
is a 

sample, 
color-

coded by 
mutation 
status. 

http://www.cbioportal.org/index.do 
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Mutations 

Q: What are the hotspots for EGFR 
mutation in glioma?A: Look at the lollipop 

diagram: G598V is the most common 
alteration. The Furin-like domain also 

appears to be frequently mutated. 

http://www.cbioportal.org/index.do 
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Mutations 

Mutations are drawn as lollipops along the domain 
structure of the gene. The height of the lollipop 
reflects how many times that mutation was detected. 
This plot will update based on any filters applied to 
the table below. Hover over any lollipop for additional 
details. 

Download 
figure as 
SVF or 
PDF 

Adjust y-axis 

http://www.cbioportal.org/index.do 
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Mutations 

      This mutation is in OncoKB as 
a Level 3 variant. Hover over this 

symbol to see additional 
information, including that this is a 

known oncogenic mutation. 

     This mutation is in 
My Cancer Genome. 

     This mutation is a recurrent hotspot 
based on a statistical analysis of 

mutation frequency. 
 

You may also see this symbol       which 
means the mutation is a recurrent 

hotspot based on a statistical analysis 
of 3D protein conformation. 

        This mutation is 
annotated in CIViC. Hover 

over this symbol for 
additional information. 

http://www.cbioportal.org/index.do 
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http://oncokb.org/#/gene/IDH1
https://www.mycancergenome.org/content/disease/glioma/idh1/260/
http://cancerhotspots.org/#/home
https://www.ncbi.nlm.nih.gov/pubmed/26619011
https://www.ncbi.nlm.nih.gov/pubmed/26619011
http://3dhotspots.org/3d/#/home
http://3dhotspots.org/3d/#/home
https://www.ncbi.nlm.nih.gov/pubmed/28115009
https://www.ncbi.nlm.nih.gov/pubmed/28115009
https://civic.genome.wustl.edu/events/genes/26/summary/variants/59/summary#variant
http://www.cbioportal.org/index.do?session_id=59690649498e5df2e292870c&show_samples=false&clinicallist=AGE&#enrichementTabDiv
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Breast cancer example 
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http://www.cbioportal.org/index.do 
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CNV 
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mRNA overexpressed 
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Co-Expression 
Compares mRNA/protein level 
expression of your query genes 

against all other genes. Only genes 
with Pearson and Spearman 
correlations >0.3 or <-0.3 are 

shown. 

Select from 
available 

data types 

Click on a 
gene 

name to 
see 

correlation 
plot 

Check boxes to color-
code sample dots by 

mutation status or 
change x- or y-axis to 

log scale 

Each gene 
appears on 
a separate 

tab 

http://www.cbioportal.org/index.do 
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http://www.cbioportal.org/index.do 
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CN Segments 
View copy number for each sample at each 

query gene via the Integrated Genomics Viewer 
(IGV). 

Click      for track settings, 
including expanding the height 

of each sample (see below) 

Plots for each gene appear on a 
separate tab. 

Toggle track labels, a vertical line 
marking the center of the viewing 

screen, and a vertical line that 
moves with your cursor. Use          

to zoom in or out. 

Gene 
structures 

Each row is a single 
sample 

Click on a read for sample 
ID and copy number value 

Link to this page 
52 

http://software.broadinstitute.org/software/igv/
http://www.cbioportal.org/index.do?session_id=59690649498e5df2e292870c&show_samples=false&clinicallist=AGE&#igv_tab
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Download 
Download data or copy lists of 

samples. 

Download mutations and copy 
number 

Frequency of gene alteration 
for each gene in the query 

List of all samples with status of 
each query gene (blank = no 

alteration) 

List of all samples with summary classification: 
0 = no alteration in any query gene 

1 = alteration in one or more query genes 

List of samples that have an 
alteration in one or more query 

genes  

Advanced 
feature: use this 
list as a custom 

sample list to run 
a new query in 

only the subset of 
samples with a 

particular genetic 
alteration. Link to this page 
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PAN-can example 
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https://www.sciencedirect.com/science/article/pii/S0092867418303027 

PAN-Can datasets and analyses 
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https://www.sciencedirect.com/science/article/pii/S0092867418303027
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PAN-Can datasets and analyses 
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PAN-Can datasets and analyses 
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PAN-Can datasets and analyses 
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PAN-Can datasets and analyses 
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PAN-Can datasets and analyses 
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Clustering example 
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Clustering example 
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Clustering example 
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Ovarian – multi-omics example 
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Ovarian – CNV (GISTIC) -mRNA 
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Ovarian – mRNA-CNV (linear data) (scatter plot) 
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Ovarian – TP53 mRNA,CNV and mutations 
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Ovarian – mRNA-mutation 
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Ovarian – mRNA-protein 
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Breast Cancer (TP53 + and TP53 -  
analysis) 
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Breast Cancer (TP53+/TP53-) analysis 
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Breast Cancer (TP53 high and TP53 low) 
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Breast Cancer (TP53 high and TP53 low) 

74 



©2017 MFMER  |  3702274-75 

Breast Cancer (TP53 high and TP53 low) 
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Long-noncoding RNA example 
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Long-noncoding RNA example 
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miRNA example 
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RNA and miRNA example 
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RNA and miRNA example 

80 



©2017 MFMER  |  3702274-81 

RNA and miRNA example 
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miRNA correlation with mRNA example 
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Cbioportal.org 

Slide borrowed from cbioportal website 
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AACR Project GENIE 
• Clinical sequencing data from 19 cancer 

centers worldwide. 
• It consists of primary and metastatic tumor 

unlike TCGA where they only have primary and 
untreated tumors 

• For some samples, GENIE also consists of pre 
and post treatment. 

• Targeted gene panels (# of genes targeted 
varied across the cancer centers) 

• Majority of them have mutations and some have 
CNV 
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GENIE cbioportal 
• https://genie.cbioportal.org/ 
• It consists of  
more 79K  
samples  
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Search cancer types 
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GTEX 

87 



©2017 MFMER  |  3702274-88 

Genotype Tissue-Expression Project 

● Genome-wide association studies (GWAS)  
● Cases vs controls 
● ~95% of SNPs located in non-coding regions 
● 53 tissue sites 
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https://storage.googleapis.com/ashg-workshop-files/GTEx_ASHG_workshop_101817_final.pdf 
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https://storage.googleapis.com/ashg-workshop-files/GTEx_ASHG_workshop_101817_final.pdf 
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https://storage.googleapis.com/ashg-workshop-files/GTEx_ASHG_workshop_101817_final.pdf 
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https://storage.googleapis.com/ashg-workshop-files/GTEx_ASHG_workshop_101817_final.pdf 
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ESR1 query 
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Exon expression 

95 



©2017 MFMER  |  3702274-96 

ESR1 - eQTLs 
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No splice QTLs and protein truncating 
variants found for ESR1 
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WebQTL software 

98 



©2017 MFMER  |  3702274-99 

GeneNetwork WebQTL 
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Precision medicine for cancer patients 
using clinical and molecular data 
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Multi-dimensional data to individual patient 
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PANOPLY – Precision cancer genomics report: 
single sample inventory  
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Integration of multi-omics data for precision 
medicine 
• PANOPLY- Precision Cancer Genomic Report: 

Single Sample Inventory 
• PANOPLY: Omics-Guided Drug Prioritization 

Method  
Tailored to an Individual Patient. 
DEMO PANOPLY 
 
Kalari KR, Sinnwell JP, Thompson KJ, Tang X, Carlson EE, Yu J, Vedell PT, 
Ingle JN, Weinshilboum RM, Boughey JC, Wang L, Goetz MP, Suman V. 
JCO Clin Cancer Inform. 2018 Dec;(2):1-11. doi: 10.1200/CCI.18.00012. 

• http://www.kalarikrlab.org/Software/Panoply.html 
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Integration of 17 non-responder PANOPLY reports 

Kalari KR, Sinnwell JP, Thompson KJ, Tang X, Carlson EE, Yu J, Vedell PT, Ingle JN, Weinshilboum RM, 
Boughey JC, Wang L, Goetz MP, Suman V.JCO Clin Cancer Inform. 2018 Dec;(2):1-11. doi: 
10.1200/CCI.18.00012. 
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Oncomatch – matching best cancer 
cell line to a patient 
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OncoMatch 
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Non-coding reads 
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Unmapped host reads  

Under review 
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Single-cell RNA-Sequencing 
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Single Cell vs. Bulk Samples 

David Cook, SlideShare, 2017 

- Important for answering 
biological questions where 
cell-specific changes in 
transcriptome are important 

- New protocols and lower 
sequencing cost 
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Two scRNA-Seq Platforms at MGF 

Fluidigm C1 
(fluidic circuits) 

(non-UMI) 

Chromium 
10X Genomics 
Single cell gene 

expression  
(Droplet) 

(UMI) 

MAPRSeq  
pipeline 

10X  
Genomics  
Pipeline 

Sequencing 

Tertiary 
analysis 

Chromium Controller 

UMI=Unique Molecular Identifier 
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Fluidigm C1 vs. Chromium 10X Genomics 
Instrument Fluidigm C1 Chromium 10x Genomics 
Launched in 2012 10/2016 

Principles (Reference) Integrated fluidic circuits Droplet-based 
RNA-Seq solution Full transcript 3’-tag 

Throughput (# of cells 
analyzed) Low-medium (48-800) High (100-10,000+) 

Visual Inspection Yes No 
Cell Selection Yes (C1 size based) No 

Starting Amount of 
Cells Medium-low High 

Flexibility (Own 
Protocols) Yes No 

Advantage 
Allows visual inspection of captured 

cells 
customizable protocols 

High cell capture efficiency, cell 
size <50µm, nuclei suspensions 

can be studied, lower system cost 

Limitation Size-based cell selection (C1) 
(5-10, 10-17, 17-25 µm) 

High initial cell concentration 
required, no users modification 

possible 
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Customized Tertiary Analysis 

Bushra Arif, SlideShare, 2016 
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Unsupervised clustering 

Unsupervised hierarchical clustering after gene expression analysis of single blood cells isolated from the whole kidney 
marrow. Heat map shows high transcript expression in red and low/absent expression in blue. Four major clusters were 
identified, including the following: erythroid (red), myeloid (green), B cells (light blue), and T cells (dark blue).  

http://jem.rupress.org/content/213/6/979 
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Unsupervised clustering 

• Violin plots show the distribution of gene expression of single cells. Cells types were assigned based on hierarchical 
clustering and assessed for transcript expression of well-known blood cell lineage genes 

http://jem.rupress.org/content/213/6/979 
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Proteomics datasets 

• http://proteomecentral.proteomexchange.org/cgi
/GetDataset 
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Impact 
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Questions & Discussion 
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