
 
 

 

TRAINING: A practical approach for analysis and interpretation of         
NGS cancer data 
 
Teachers​ : Antonio Colaprico and Catharina Olsen 
Academic supervisor​ : Gianluca Bontempi 
 
 
Please feel free to contact me by skype if necessary before the workshop 
skype account: antonio.colaprico 
 
TCGAbiolinks module introduces practical, real-world bioinformatics applications, going        

beyond the TCGAbiolinksGUI graphical interface using of TCGAbiolinks R bioconductor          

package published in   

http://nar.oxfordjournals.org/content/early/2015/12/23/nar.gkv1507.full 

The module is focused on the theme of data analysis: when a large-scale experiment is               

performed, and bioinformatics analysis is required, how is it done? The module is organised              

into three units.  

 

In the “​TCGA Data Access and Integration​ ” unit, students will learn how to distinguish              

databases and integrate data from different datatypes from The Cancer Genome Atlas            

(TCGA), including microRNA expression, gene expression, copy number, mutation,         

methylation, protein expression clinical’s data.  

 

In the “​Genomics and NGS​ ” unit, students will learn practical analysis of microarray and              

next-generation sequencing (NGS) data. Students will learn how to map sequencing data to             

genomes in a variety of problem settings, how to analyse differential expression studies             

from whole-genome experiments, and more.  

In this section, the student will be learning how to analyse RNA-seq count data, using               

TCGAbiolinksGUI. This will include reading the data into shiny, quality control and            

performing differential expression analysis and gene set testing, with a focus on the edgeR              

analysis workflow.  

 

The last, unit is “​Integrative Analysis​ ”. Students will learn how bringing disparate data types 

together can add enormous power to analyses. Cases will include pathway analysis of 

expression data, and analysis of dna methylation. 
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Read me first 
 

● You will be mainly working with a graphical interface of TCGAbiolinks within Rstudio. A 
short introduction will be given at the beginning of the workshop. Practical experience will 
be obtained by applying the given information on different given cancer data sets. 

 
● For this workshop you require: 
➔ This manual 
➔ Look previous presentation of TCGAbiolinks 

https://www.youtube.com/watch?v=eP9C3kKA8eo 
➔ Read TCGAbiolinks paper: 

 
http://nar.oxfordjournals.org/content/early/2015/12/23/nar.gkv1507.full  
 
https://www.researchgate.net/publication/287996967_TCGAbiolinks_An_RBioconductor_package
_for_integrative_analysis_of_TCGA_data  
 
 

➔ TCGAbiolinksGUI vignette / Tutorial (​TCGAbiolinks GUI_vignette.pdf​ attached) 
➔ In order to know the web address of the application please connect to 

http://litpc45.ulb.ac.be  
 
 
You can ask questions during the workshop. 

Citation 

Please cite TCGAbiolinks package: 

● “TCGAbiolinks: an R/Bioconductor package for integrative analysis of TCGA data.” Nucleic acids            
research (2015): ​gkv1507​. (Colaprico, Antonio and Silva, Tiago C. and Olsen, Catharina and             
Garofano, Luciano and Cava, Claudia and Garolini, Davide and Sabedot, Thais S. and Malta,              
Tathiane M. and Pagnotta, Stefano M. and Castiglioni, Isabella and Ceccarelli, Michele and             
Bontempi, Gianluca and Noushmehr, Houtan 2016) 

Related publications to this package: 

● “TCGA Workflow: Analyze cancer genomics and epigenomics data using Bioconductor          
packages”. F1000Research ​10.12688/f1000research.8923.1 (Silva, TC and Colaprico, A and         
Olsen, C and D’Angelo, F and Bontempi, G and Ceccarelli, M and Noushmehr, H 2016) 
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Also, if you have used ELMER analysis please cite: 

● Yao, L., Shen, H., Laird, P. W., Farnham, P. J., & Berman, B. P. “Inferring regulatory element                 
landscapes and transcription factor networks from cancer methylomes.” Genome Biol 16 (2015):            
105. 

● Yao, Lijing, Benjamin P. Berman, and Peggy J. Farnham. “Demystifying the secret mission of              
enhancers: linking distal regulatory elements to target genes.” Critical reviews in biochemistry            
and molecular biology 50.6 (2015): 550-573. 
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How to install TCGAbiolinks 

source("https://bioconductor.org/biocLite.R") 
biocLite("TCGAbiolinks") 

 
How to install TCGAbiolinks last / beta version (only expert) 
 
devtools::install_github(repo="BioinformaticsFMRP/TCGAbiolinks") 
 

How to install TCGAbiolinksGUI 
devtools::install_github(repo="BioinformaticsFMRP/TCGAbiolinksGUI") 
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2. Introduction to TCGA’s data and TCGAbiolinks 30 min  
 
2.1 Presentation: ​https://www.youtube.com/watch?v=eP9C3kKA8eo 
2.2 Overview of TCGAbiolinksGUI 15min 
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1. TCGAbiolinksGUI  interface  
 
After loading TCGAbiolinksGUI you will see a web-page showing: 
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QUESTIONS that will be addressed  

Q1. Which data can be downloaded from TCGAbiolinksGUI? 

Q2. Which analysis can be performed by TCGAbiolinksGUI? 

Q3. How to run a survival analysis with Kaplan-Meier plot? 

Q4. How to produce an oncoprint plot ? 

Q5. How to run a DEA differentially expression analysis using gene expression’s 
data? 

Q6. How to produce a volcano plot using differentially expressed genes? 

Q7. How to produce heatmap plot using differentially expressed genes? 

Q8. How to perform an enrichment analysis? 

Q9. How to plot a pathway graph enriched by a list of genes? 

Q10. How to produce an oncoprint plot? 

Q11. How to run a DMR differentially methylation region analysis? 

Q12. How to produce a mean DNA methylation plot? 

Q13. How to perform an integrative analysis using gene expression data and 
methylation data and showing the results in a starburst plot? 
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DATA that will be used can be found in folder ./Data_Workshop 

● D1_TCGA_BRCA_clinical.csv  
● D2_TCGA_CHOL_maf.csv 
● D3_short_GDC_TCGA_BRCA_Illumina HiSeq.rda 
● D4_GDC_TCGA_BRCA_Illumina Human Methylation 27.rda 
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How to generate DATA that will be used?  

D1_TCGA_BRCA_clinical.csv 
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D2_TCGA_CHOL_maf.csv 
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D3_short_GDC_TCGA_BRCA_Illumina HiSeq.rda 
 
Barcode: 
 
TCGA-E2-A105-01A-11R-A10J-07,TCGA-E9-A1R7-11A-42R-A14M-07,TCGA-AN-A0XU-01
A-11R-A109-07,TCGA-B6-A0IN-01A-11R-A034-07,TCGA-BH-A0BQ-11A-33R-A115-07,TCG
A-A2-A0ES-01A-11R-A115-07,TCGA-A7-A4SC-01A-12R-A266-07,TCGA-E2-A15H-01A-11R
-A12D-07,TCGA-LL-A442-01A-11R-A24H-07,TCGA-AC-A2QI-01A-12R-A19W-07,TCGA-BH
-A0HW-01A-11R-A034-07,TCGA-E2-A1BC-11A-32R-A12P-07,TCGA-E9-A1RI-11A-41R-A16
9-07,TCGA-E9-A1ND-11A-43R-A144-07,TCGA-BH-A0BC-11A-22R-A089-07,TCGA-AC-A23
H-11A-12R-A157-07,TCGA-BH-A18P-11A-43R-A12D-07,TCGA-BH-A18K-11A-13R-A12D-0
7,TCGA-BH-A1FG-11B-12R-A13Q-07,TCGA-AC-A3OD-01A-11R-A21T-07 
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D4_GDC_TCGA_BRCA_Illumina Human Methylation 27.rda 
 
 
Barcode:  
 
TCGA-B6-A0IM-01A-11D-A032-05,TCGA-E2-A15P-01A-11D-A112-05,TCGA-A8-A07G-01A-
11D-A032-05,TCGA-A8-A07I-01A-11D-A00Y-05,TCGA-A8-A096-01A-11D-A00Y-05,TCGA-
A2-A0CU-01A-12D-A032-05,TCGA-BH-A0DL-01A-11D-A112-05,TCGA-A8-A09A-01A-11D-
A00Y-05,TCGA-E2-A15O-01A-11D-A112-05,TCGA-C8-A12K-01A-21D-A112-05,TCGA-BH-
A0B7-11A-34D-A112-05,TCGA-BH-A18Q-11A-34D-A12E-05,TCGA-BH-A0DL-11A-13D-A11
2-05,TCGA-BH-A18S-11A-43D-A12E-05,TCGA-BH-A18F-11A-22D-A12E-05,TCGA-E2-A15
L-11A-31D-A12E-05,TCGA-BH-A0BO-11A-11D-A12E-05,TCGA-BH-A18L-11A-42D-A12E-0
5,TCGA-BH-A0BL-11A-12D-A112-05,TCGA-BH-A18J-11A-31D-A12E-05 
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1. GDC data introduction and overview  

1.1.  (A) Cancer Projects  
 
From https://gdc-portal.nci.nih.gov/projects/t 
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1.2.  (B) Sample types  
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1.3.  (C) Molecular data  
 
Molecular data can be grouped in gene expression, copy number, methylation, microRNA. 

1.4.  (D) Mutation data  
The GDC provides access to DNA sequence data and generates associated Variant Calling Format 
(VCF) and Mutation Annotation Format (MAF) files that identify somatic mutations such as point 
mutations, missense mutations, nonsense mutations, and insertions and deletions (indels) of 
nucleotides in the DNA. 

1.5.  (E) Clinical data  
GDC clinical data represent many categories of information, including vital status at time of report,               
disease-specific diagnostic information, and initial treatment regimens. Some but not all disease            
studies have additional clinical follow up information for some or all participants. 

1.6.  (F) Subtype data  
The Cancer Genome Atlas (TCGA) Research Network has reported integrated genome-wide studies            
of various diseases. We have added some of the subtypes defined by these report in our package.                 
The ACC(Cancer Genome Atlas Research Network and others 2016), BRCA (Cancer Genome Atlas             
Research Network and others 2012c), COAD (Cancer Genome Atlas Research Network and others             
2012b), GBM (Ceccarelli, Michele and Barthel, Floris P and Malta, Tathiane M and Sabedot, Thais S                
and Salama, Sofie R and Murray, Bradley A and Morozova, Olena and Newton, Yulia and               
Radenbaugh, Amie and Pagnotta, Stefano M and others 2016), HNSC (Cancer Genome Atlas             
Research Network and others 2015a), KICH (Davis, Caleb F and Ricketts, Christopher J and Wang,               
Min and Yang, Lixing and Cherniack, Andrew D and Shen, Hui and Buhay, Christian and Kang, Hyojin                 
and Kim, Sang Cheol and Fahey, Catherine C and others 2014), KIRC(Cancer Genome Atlas              
Research Network and others 2013a), KIRP (Linehan, W Marston and Spellman, Paul T and Ricketts,               
Christopher J and Creighton, Chad J and Fei, Suzanne S and Davis, Caleb and Wheeler, David A and                  
Murray, Bradley A and Schmidt, Laura and Vocke, Cathy D and others 2016), LGG (Ceccarelli,               
Michele and Barthel, Floris P and Malta, Tathiane M and Sabedot, Thais S and Salama, Sofie R and                  
Murray, Bradley A and Morozova, Olena and Newton, Yulia and Radenbaugh, Amie and Pagnotta,              
Stefano M and others 2016), LUAD (Cancer Genome Atlas Research Network and others 2014b),              
LUSC(Cancer Genome Atlas Research Network and others 2012a), PRAD(Cancer Genome Atlas           
Research Network and others 2015c), READ (Cancer Genome Atlas Research Network and others             
2012b), SKCM (Cancer Genome Atlas Research Network and others 2015b), STAD (Cancer Genome             
Atlas Research Network and others 2014a), THCA (Cancer Genome Atlas Research Network and             
others 2014c), UCEC (Cancer Genome Atlas Research Network and others 2013b) tumors have data              
added.  
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2. Clinical Analysis 

2.1.  (A) Survival Plot  
 
The Kaplan–Meier estimator also known as the product limit estimator, is a non-parametric 
statistic used to estimate the survival function from lifetime data. In medical research, it is often 
used to measure the fraction of patients living for a certain amount of time after treatment. 
 
Data selected file (csv or rda) → D1_TCGA_BRCA_clinical.csv 
 
Group column → tumor stage 
 

 
 
 
We can observe that samples with stages I or II have higher probability to survive compared to 
samples with stages III or IV. 
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3. Genomic Analysis 

3.1.  (A) Oncoprint Plot  
 
OncoPrint is a way to visualize multiple genomic alteration events by heatmap. 
 
Select MAF file → ​D2_TCGA_CHOL_maf.csv 
 
Genes by selection → Select the genes as shown in the following screenshot  
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4. Transcriptomics Analysis 

4.1.  (A) Differential expression analysis 
 
DEA is a way to find differentially expressed genes between normal and tumor samples 
 
Select SummarizedExperiment Data file → ​D3_short_GDC_TCGA_BRCA_Illumina HiSeq.rda 
Pre-analysis options → Select both normalization of genes and quantile filter of genes 
Threshold selected as mean for filtering"--> 0.25 
Analysis parameter → LogFC threshold = 1, P-value adj cut-off = 0.05 
Group column →shortLetterCode Group 1 --> TP 
Group2 → NT 
DEAtest method → glmLRT 
 
After selecting all above parameters you can click on ‘​dea analysis​ ’.  

Panel A 

 
Panel B                                Panel C 
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4.2.  (B) Volcano plot 
 
In statistics, a volcano plot is a type of scatter-plot that is used to quickly identify changes in 
large data sets composed of replicate data[1]. It plots significance versus fold-change on the 
y and x axes, respectively. 
 
Select results file → ​DEA_results_shortLetterCode_TP_NT_pcut_0.05_logFC.cut_1.csv 
Save file with results → Yes 
 
After selecting all above parameters you can click on ‘​volcano plot​ ’​ .  
 
 

 
 
The volcano plot shows 3309 DEGs with |logFC| >=1 and FDR < 0.05. 
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4.3.  (C) Heatmap plot  
 
Select file → D3_short_GDC_TCGA_BRCA_Illumina HiSeq.rda  
Select results → Select file output from section 3.2 Volcano plot, the same as previous 
step→ ​DEA_results_shortLetterCode_TP_NT_pcut_0.05_logFC.cut_1.csv 
Annotation options​: 
Column annotations →shortLetterCode  
Sort by columns →Yes  
Color options​ / Set colors  → Yes 
Other options​: 
Scale data → row 
Take the log2(matrix +1) → Yes 
Cluster rows → Yes 
Cluster columns → Yes 
Show rownames → Yes 
Show colnames → Yes 
Plot height px → 600 
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4.4.  (D) Enrichment analysis 
 
Gene Selection → Genes by file →  Select file with genes → 
DEA_results_shortLetterCode_TP_NT_pcut_0.05_logFC.cut_1_filtered.csv  

 
Plot height px → 600 
 
After selecting all above parameters you can click on ‘​EA barplot​ ’​ .  
 

 
 
The figure shows canonical pathways significantly overrepresented (enriched) by the DEGs 
(differentially expressed genes). The most statistically significant canonical pathways identified in 
DEGs list are listed according to their p value corrected FDR (-Log) (colored bars) and the ratio of 
list genes found in each pathway over the total number of genes in that pathway (Ratio, red line). 
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4.5.  (E) Pathview plot 
 
Analysis → Differential expression analysis → Pathway graph 
 
DEA results → ​DEA_results_shortLetterCode_TP_NT_pcut_0.05_logFC .cut_1_filtered.csv  

 
Pathway ID → Pathways in cancer  
 
Plot width px → 650 
 
Plot height px → 550 
 
After selecting all above parameters you can click on ‘​Create pathway file’​ .  
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5. Epigenetic Analysis 

5.1.  (A) Differential methylation analysis 
 
We will search for differentially methylated CpG sites.  
In order to find these regions we use the beta-values (methylation values ranging from 0.0 to 
1.0) to compare two groups. 
 
Select SummarizedExperiment Data file → ​D4_GDC_TCGA_BRCA_Illumina Human 
Methylation 27.rda  
 
DNA methylation threshold → 0.1 
P-value adj cut-off →  0.05 
Group column →shortLetterCode 
Groups --> TP, NT 
 
After selecting all above parameters you can click on ‘​DMR analysis’​ .  
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5.2.  (B) Mean DNA methylation  
 
Analysis → Epigenetic analysis → Mean DNA methylation plot  
Data → Select file →  ​D4_GDC_TCGA_BRCA_Illumina Human Methylatio n 27_results.rda  

Parameters control → Group column → ​shortLetterCode 
Plot width → 100% 
Plot height px → 600 
After selecting all above parameters you can click on ‘​DNA mean methylation plot​ ’​ .  
 

 
 
The figure shows 10 normal samples (NT) and 10 cancer samples (TP). 
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5.3.  (C) Volcano plot 
 
In statistics, a volcano plot is a type of scatter-plot that is used to quickly identify changes in 
large data sets composed of replicate data.[1] It plots significance versus fold-change on the 
y and x axes, respectively. 
 
Select results file → ​DMR_results_shortLetterCode_TP_NT_pcut_0.05_meancut_0.2.csv 
DNA methylation threshold → 0.2 
P-value adj cut-off → 0.05 
Save file with results → Yes 
 
After selecting all above parameters you can click on ‘​volcano plot​ ’​ .  
 
 

 
 
The volcano plot shows 2082 DMRs with |DNA methylation threshold| > 0.2 and FDR < 0.05. 
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6. Integrative Analysis 

6.1.  (A) Starburst plot  
 
The starburst plot is proposed to combine information from two volcano plots, and is applied 
for a study of DNA methylation and gene expression. It first introduced in 2010 (Noushmehr, 
H., Weisenberger, D.J., Diefes, K., Phillips, H.S., Pujara, K., Berman, B.P., Pan, F., Pelloski, 
C.E., Sulman, E.P., Bhat, K.P. et al. 2010). 
The function creates Starburst plot for comparison of DNA methylation and gene expression. 
The log10 (FDR-corrected P value) for DNA methylation is plotted in the x axis, and for gene 
expression in the y axis, for each gene. The black dashed line shows the FDR-adjusted P 
value of 0.01. 
 
DMR result → ​DMR_results_shortLetterCode_TP_NT_pcut_0.05_meancut_0.1.csv 
DEA result → ​DEA_results_shortLetterCode_TP_NT_pcut_0.05_logFC.cut_1.csv 
 
LogFC threshold → 3 
Expression FDR cut.off → 0.05 
Mean DNA methylation difference threshold → 0.3 
Methylation FDR cut-off →  0.05 
Save result → Yes 
 
After selecting all above parameters you can click on ‘​starburst plot’​ .  
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