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Reproducibility—the ability to recompute
results—and replicability—the chances other
experimenters will achieve a consistent
result—are two foundational characteristics
of successful scientific research. Consistent
findings from independent investigators
are the primary means by which scientific
evidence accumulates for or against a hy-
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been some very public failings of reproduc-
ibility across a range of disciplines from can-
cer genomics (3) to economics (4), and the
data for many publications have not been
made publicly available, raising doubts
about the quality of data analyses. Popular
press articles have raised questions about the
reproducibility of all scientific research (5),

computational tools such as knitr, iPython
notebook, LONI, and Galaxy (8) have
simplified the process of distributing repro-
ducible data analyses.

Unfortunately, the mere reproducibility of
computational results is insufficient to ad-
dress the replication crisis because even a re-
producible analysis can suffer from many
problems—confounding from omitted varia-
bles, poor study design, missing data—that
threaten the validity and useful interpretation
of the results. Although improving the repro-
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Reproducibility, the ability to recompute results, and
replicability, the chances other experimenters will achieve a
consistent result, are two foundational characteristics of
successful scientific research...of late there has been a crisis
of confidence among researchers worried about the rate at
which studies are either reproducible or replicable. In order to
maintain the integrity of science research and maintain the
public's trust in science, the scientific community must ensure
reproducibility and replicability by engaging in a more
preventative approach that greatly expands data analysis
education and routinely employs software tools.



Bioconductor is a large, NIH-funded
open source software community
dedicated to the analysis and
comprehension of high throughput
biological data.



Bioconductor by the numbers

e Project started in 2002

e Built on and in R, the open source software platform for data science

o An estimated 2,000,000 users worldwide
o 14,376 contributed software libraries (like plugins)
o Runs on laptops to the largest computer systems in the world

e More than 50,000 unique downloads per month

e More than 22,000 PubmedCentral citations

e Bioconductor Release: more than 2000 individual, biomedical and ‘omic data
science software packages
Receiving submissions of 3-6 new packages per week
Hundreds of active developers
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e Specialized data import and
export
e Data management leveraging
FAIR data principles
e Data integration and
interpretation, including access to
Ca pabl I ItIeS millions of “public” datasets
e Context-specific analysis and
statistics
e Visualization and publication-
quality plotting
e Efficiency and reproducibility
(human in the loop), even at
scale
e Reproducible, literate reporting

Bioconductor supports all
phases of the biomedical data
science workflow
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DOI: 10.18129/B9.bioc. GEOquery 'i

Get data from NCBI Gene Expression Omnibus (GEO)

Bioconductor version: Release (3.6)

The NCBI Gene Expression Omnibus (GEO) is a public repository of microarray data. Given the rich and
varied nature of this resource, it is only natural to want to apply BioConductor tools to these data.
GEOquery is the bridge between GEO and BioConductor.

Author: Sean Davis <sdavis2 at mail.nih.gov>
Maintainer: Sean Davis <sdavis2 at mail.nih.gov>
Citation (from within R, enter ):

Davis S and Meltzer P (2007). “"GEOquery: a bridge between the Gene Expression Omnibus (GEO) and
BioConductor.” Bioinformatics, 14, pp. 1846-1847.

Installation

To install this package, start R and enter:
## try http:// if https:// URLs are not supported

source("https://bioconductor.org/biocLite.R")
biocLite("GEOquery")
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Sean Davis & Martin Morgan

Monday, October 30, 2017

Abstract

The National Cancer Institute (NCI) has established the Genomic Data Commons (GDC). The
GDC provides the cancer research community with an open and unified repository for sharing and
accessing data across numerous cancer studies and projects via a high-performance data transfer
and query infrastructure. The GenomicDataCommons Bioconductor package provides basic
infrastructure for querying, accessing, and mining genomic datasets available from the GDC. We
expect that the Bioconductor developer and the larger bioinformatics communities will build on the
GenomicDataCommons package to add higher-level functionality and expose cancer genomics
data to the plethora of state-of-the-art bioinformatics methods available in Bioconductor.

Contents

1 What is the GDC?

2 Quickstart
2.1 Installation
2.2 Check basic functionality
2.3 Find data
2.4 Download data
2.5 Metadata queries

3 Usage

3.1 Querying metadata
3.1.1 Creating a query
3.1.2 Retrieving results
3.1.3 Fields and Values
3.1.4 Facets and aggregation
3.1.5 Filtering

3.2 Authentication

3.3 Datafile access and download
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DOI: 10.18129/B9.bioc.BiocParallel n

Bioconductor facilities for parallel evaluation

Bioconductor version: Release (3.6)

This package provides modified versions and novel implementation of functions for parallel evaluation,
tailored to use with Bioconductor objects.

Author: Bioconductor Package Maintainer [cre], Martin Morgan [aut], Valerie Obenchain [aut], Michel
Lang [aut], Ryan Thompson [aut]

Maintainer: Bioconductor Package Maintainer <maintainer at bioconductor.org>
Citation (from within R, enter ):

Morgan M, Obenchain V, Lang M and Thompson R (2017). BiocParallel: Bioconductor facilities for
parallel evaluation. R package version 1.12.0, https://github.com/Bioconductor/BiocParallel.
Installation
To install this package, start R and enter:
## try http:// if https:// URLs are not supported

source("https://bioconductor.org/biocLite.R")
biocLite("BiocParallel")
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D e I I a b | e mtmorgan add instructions to confirm web hook on creation

O C u l I l e n te d [E) CONTRIBUTING.md add instructions to confirm web hook on creation

[#) README.md first commit

S u p p O rte d =) issue_template.md Update the template to new source control material
| nteg rated EZ README.md

Connected Table of Contents

S Ca | a b | e Contributing a Bioconductor Package

Starting the Submission Process

State-of-the-art et Expect

Adding a Web Hook

Comm unity-driven Submitting Related Packages

Additional Actions

Branch: master v New pull request Create new file Upload files

Resources

Contributing a Bioconductor Package




g search: |

B] O CO n d U C to r Install Developers About

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

Home » Developers » Packages: New Submissions

Source Code & Build Reports

a Source code is stored in Git.
Software packages are built and
checked nightly. Build reports:

Introduction - All
- = Release
Chec
Development

Submission -
Review Process Package Download Statistics

Additional Support
Introduction

Bioconductor Packages should

= Address areas of high-throughput genomic analysis where Bioconductor already makes significant Development Version
contributions, e.g., sequencing, expression and other microarrays, flow cytometry, mass spectrometry,
image analysis; see biocViews. Bioconductor packages under
Interoperate with other Bioconductor packages, re-using common data structures (S4 classes and development:
methods) and existing infrastructure (e.g., for input of common genomic
files). = Analysis software packages.
Adopt software best practices that enable reproducible research and use, such as full documentation = Annotation packages
and vignettes (including fully evaluated code) as well as commitment to long-term user support = Illustrative experiment data packages
through the Bioconductor support site.

Core value: open and engaged
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Core Value: se <-SummarizedExperiment (

assays,

Reproducible research

colData,
exptData

e Recognize complexity in high-
throughput biological data colDaka jas)
Version control everything | ‘
Continuous testing and
integration

e Text-based workflow (no GUI)

e Literate programming
approaches and documentation
Education on tooling
Numerous mechanisms for
FAIR data sharing
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Not just analysis packages

e AnnotationHub: More than 30,000 curated public reference datasets
o ENCODE
o UCSC tracks
o Organism databases for dozens of species

e ExperimentHub: User-submitted, curated data, code, documentation

o CuratedTCGAData
o CuratedMetagenomicsData

e Microarray annotation resources (more than 100 platforms, standardized)
e APl access to dozens of cancer and biological databases

For free: versioning, information provenance, FAIR,
marketing, interoperability across the project



The data from your data.frame - Morilla Firefox (on gamay)

The data from yourd... x | % <- query(ah, c("ChainFile", "UCSC", "Drosophila melanogaster"))
@127.0.0.1:5758

elected rows: AH14107 AH14109

Return rows to R session

AnnotationHub with 45 records
snapshotDate(): 2019-05-20
$dataprovider: UCSC

Show| 10 -] entries

idx dataprovider = species genome = description rdataclass sourcetype . .
$species: Drosophila melanogaster

#
#
#
fiax ] f [ehainFile # $rdataclass: ChainFile
#
#
#
#

AH14107 UCSC UCSC iiftOver . UCSC, genome, homology ~ ChainFile Chain
chain file from
hg38to
canFam3

additional mcols(): taxonomyid, genome, description,
coordinate_1_based, maintainer, rdatadateadded, preparerclass,
tags, rdatapath, sourceurl, sourcetype

AH14108 ::;:ns ixhcmsnc”\‘\gtz\;: liftOver, chain, UCSC, genome, homology ChainFile Chain retrieve records with, e.g., 'object[["AH15102"]]"

hg38 to hg19

AH14109 Homo UCSC liftOver  lftOver, chain, UCSC, genome, homology ~ ChainFile title
sapiens chain fle from
hg38 to mm10 AH15102 dm3ToAnoGaml.over.chain.gz

AH14110 Homo UCSC liftOver  liftOver, chain, UCSC, genome, homology ChainFile Chain AH15103 dm3 ToApiMe13 .over.chain. gz
sapiens chain file from

hg38 to AH15104 dm3ToDm2.over.chain.gz

monDomS .
AH15105 dm3ToDmé6 .over.chain.gz
AH14111 Homo UCSC liftOver liftOver, chain, UCSC, genome, homology ChainFile Chain
sapiens chain file from AH15106
hg38 to
panTro4

dm3ToDp3.over.chain.gz
AH15142 dm2ToDroVir3.over.chain.gz

AH14112 Homo UCSC lftOver  liftOver, chain, UCSC, genome, homology ~ ChainFile Chain K K
sapiens chain file from AH15143 dm2ToDroWill.over.chain.gz

hg38 to .
rheMac3 AH15144 dm2ToDroYakl.over.chain.gz
AH14113 Homo UCSC liftOver  liftOver, chain, UCSC, genome, homology ~ ChainFile AH15145 dm2ToDroYak2.over.chain.gz

D f‘““" Ll AH15146 dmlToDm2.over.chain.gz
1938 to M5

AH14114 Homo UCSC iftOver  lftOver, chain, UCSC, genome, homology ~~ ChainFile
sapiens chain file from
hg19 to ailMel1

AH14115  UCSC Homo UCSC iftOver  lftOver, chain, UCSC, genome, homology ~ ChainFile DataFrame with 6 rows and 5 columns
S2piens anRelon) title dataprovider species
hg19 to allMist
<character> <character> <character>
AHiane Lo ?;;:ns fhcmsfﬂ‘“:%z {fOver. hain LUGSC, genome. homology CrainFie AH15102 dm3ToAnoGaml.over.chain.gz UCSC Drosophila melanogaster
2212::1 AH15103 dm3ToApiMel3.over.chain.gz UCSC Drosophila melanogaster
AH15104 dm3ToDm2.over.chain.gz UCSC Drosophila melanogaster
Showing 1 to 10 of 1,113 enries (itered from 19,268 total entries P 2 3 4 Next AH15105 dm3ToDmé . over.chain.gz ucsc Drosophila melanogaster
AH15106 dm3ToDp3.over.chain.gz UCSC Drosophila melanogaster
AH15107 dm3ToDp4.over.chain.gz UCSC Drosophila melanogaster
taxonomyid genome
<integer> <character>
O AH15102 7227
AH15103 7227
AnnotationHub
AH15105 7227
AH15106 7227
AH15107 7227




ExperimentHub with 2223 records
snapshotDate(): 2019-04-29
$dataprovider: Eli and Edythe L. Broad Institute of Harvard and MIT, NA...
$species: Homo sapiens, Mus musculus, Saccharomyces cerevisiae, human g...
$rdataclass: ExpressionSet, SummarizedExperiment, SummarizedBenchmark,
additional mcols(): taxonomyi¢ ~—-=-—- Ho-omieorio-

coordinate_1_based, maintair

tags, rdatapath, sourceurl,
retrieve records with, e.g.,

head(unique(eh$dataprovider))

HORH R R R R R R

## [1] "GEO"

title ## [2] "GEUVADIS"
EH1 RNA-Sequencing and cl ## [3] "Allen Brain Atlas"
EH166 ERR188297 ## [4] "ArrayExpress"
EH167 ERR188088 ## [5] "Department of Psychology, Abdul Haq Campus, Federal Urdu University for
EH168 ERR188204 Arts, Science and Technology, Karachi, Pakistan. shahiq_psy@yahoo.com"
EH169 ERR188317 ## [6] "Department of Chemical and Biological Engineering, Chalmers University
of Technology, SE-412 96 Gothenburg, Sweden."

EH2539 LAML_GISTIC_Peaks-201
EH2540 LAML_GISTIC_Thresholc
EH2541 | SKCM_GISTIC_AL1ByGene In the same way, you can also see data from different species inside the hub by looking at the
EH2542 | SKCM_GISTIC_Peaks-20] contents of species like this:

EH2543 | SKCM_GISTIC_Thresholc

head(unique(eh$species))

## [1] "Homo sapiens" "Mus musculus"”

EXper/mentHUb ## [3] "Mus musculus (E18 mice)" NA

## [5] "Rattus norvegicus" "human gut metagenome"




Valerie Obenchain and Lori Shepherd

Modified: November 2017. Compiled: 02 May 2019
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Core value: reuse and interoperability
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Type
BC
CRC
NSCLC
PCA

Normal
® no
A vyes

Example: PCA plot from public data (10 lines of code)

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE103512



https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE103512

Filter gene expression by variance to find most informative genes.

sds = ( (gse),1,sd)
dat = (gse)[ (sds, )[1:500],]

Perform multidimensional scaling and prepare for plotting.

mdsvals = ( (“(dat)))
mdsvals = (mdsvals)
mdsvals:Type= ( (gse) [, 1)
mdsvalsSNormal = ( (gse) [, 1)

And do the plot.

(ggplot2)
(mdsvals, (x=V1,y=V2, Normal, Type))

( 4, 0.6) ( ( 18))



Type
BC
CRC
NSCLC
PCA

Normal
® no
A vyes

Example: PCA plot from public data (10 lines of code)

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE103512



https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE103512

NATIONAL CANCER INSTITUTE
GDC Data Portal

Adrenal Gland W

Bile Duct
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Data Portal Summary  pata Release 57.0 - March 20, 2023 vary
Pancreas

Pleura

\ Prostate

PROJECTS PRIMARY SITES CASES \ Skin

| Soft Tissue

78 68 86,962 » Stomach

’ Testis

Thymus

\ Thyroid

FILES MUTATIONS Uterus

931,947 2,885,293

GDC Applications
The GDC Data Portal is a robust data-driven platform that allows cancer
researchers and bioinformaticians to search and download cancer data for analysis. The GDC applications include:

Data Portal Website Data Transfer Tool Documentation Data Submission Portal

GDC Data Portal

1

2 3 45 6 7 8 9 10 11 1Zin 1000s)

Publications
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. : Mutation Somatic
DNA Reads Variant Calling (oF: 111 ; ;
Aggregation Mutation
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Bl Data File [l Analysis
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RNA Reads xpr_ef_ssno_n Expression
(BAM) Quantification Counts
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[l Data File Il Analysis

miRNA

Aligned expression
miRNA Expression
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[l Data File Il Analysis

B DataFile B Analysis
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[l Data File
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https://gdc.cancer.gov/about-data/data-harmonization-and-generation/genomic-data-harmonization-0#Pipelines
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GDC Data Model

Complex, flexible, and growing.

@ data fle

@ enaiysis

@ indoc_ile

@ metadata fie
@ rotation

@ biospecimen
@ cirical

@ aminisiative

Exposure

Treatment

Diagnosis

Tissue Source
site

‘Copy Number
Liftover

Genomic

Profile
Harmonization

Aligned Reads.
Index

Somatic
Annotation

Somatic
Aggregation

Program

Project

Aliquot

Read Group

Germiine
Variant Calling

‘Somatic
Mutation
Index

Family History.

Demographic

Analyte

Methylation
Liftover

Read Group
ac

Alignment +
Cocleaning

mIRNA ANA
Expression Expression



B] O CO n d U C O r Install Developers About

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

Home » Bioconductor 3.17 » Software Packages » GenomicDataCommons

Documentation
Bioconductor

Package vignettes and manuals.

Workflows for learning and use.

Several online books for

comprehensive coverage of a

particular research field, biological

question, or technology.

Course and conference material.
deos.

Community resources and tutorials.

NIH / NCI Genomic Data Commons Access

R / CRAN packages and documentation
Bioconductor version: Release (3.17)
Programmatically access the NIH / NCI Genomic Data Commons RESTful service.

Author: Martin Morgan [aut], Sean Davis [aut, cre], Marcel Ramos [ctb]
Support
Maintainer: Sean Davis <seandavi at gmail.com>
- - Please read the posting guide. Post
Citation (from within R, enter ) questions about Bioconductor to one of

Morgan M, Davis S (2023). GenomicDataCommons: NIH / NCI Genomic Data Commons Access. the following locations:

https://bioconductor.org/packages/GenomicDataCommons, = Support site - for questions about

http://github.com/Bioconductor/GenomicDataCommons, Bioconductor packages

http://bioconductor.github.io/GenomicDataCommons/. = Bioc-devel mailing list - for package
developers

GenomicDataCommons



Goal: Explore somatic
variants seen in the TCGA
cutaneous melanoma cohort
In a reproducible, reusable
way building on Bioconductor

tools.



Use the GenomicDataCommons package to find and download
variants from the TCGA cutaneous melanoma dataset.

(GenomicDataCommons)
fnames = ()
GenomicDataCommons (- cases.project.project_id
data_type
data_format
analysis.workflow_type )

0)
()

And now take those data directly to maftools for analysis and
visualization.

(maftools)
melanoma = ( fnames[1])
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Use the GenomicDataCommons package to find and download
variants from the TCGA cutaneous melanoma dataset.

(Cnnnm-i cDat+aCommons )
fnames = ()
Genomicratacommons (- cases.project.project_id
data_type
data_format
analysis.workflow_type )
()
()

And now take those data directly to maftools for analysis and
visualization.

(maftools)
melanoma = ( fnames[1])



m) EAI;?:N[‘;;:;NPC(E)‘:'IZ:TITUTE # Home @ Projects % Exploration & Analysis Q Quick Search ~ Manage Sets %) Login = Cart [[J

Show More
v Program
Showing 1 - 20 of 11,265 files = H
TCGA [0 ] 9 5 = If JsoN  Tsv
- Access File Name Cases Project Data Category Data Format  File Size Annotations
v Project QD ™  @Qcontrolled e88adcbf-de10-4fac-a303-86e3cad93386.vef.gz 1 TCGA-SKCM Simple Nucleotide Variation VCF 137.25 KB 0
FM-AD 18,004 ™ @&controlled 826d1ac1-66dd-43f5-8787-eb181de3ae88.vep.vcf.gz 1 TCGA-SKCM Simple Nucleotide Variation VCF 666.91 KB 0
TARGET-NBL m =™ &open 78ae36c4-8de7-41b6-88bc-9357cf8e4060.mirbase21.mirnas.quantification. txt 1 TCGA-SKCM Transcriptome Profiling TSV 50.48 KB 0
TCGA-BRCA ™ @&controlled 128661.bam 1 TCGA-SKCM Raw Sequencing Data BAM 329.92 MB 0
TARGET-AML ™ &open fc163e29-39e5-4064-ab4f-ba741ac115cc.htseq.counts.gz 1 TCGA-SKCM Transcriptome Profiling TXT 248.21 KB 0
TARGET-WT m ™ &controlled C828.TCGA-D3-A1Q3-06A-11D-A196-08.2 gdc realn.bam 1 TCGA-SKCM Raw Sequencing Data BAM 10.38 GB 1
=™ &open nationwi 1 1s.0rg_bi imen.TCGA-D3-A1QB.xml 1 TCGA-SKCM Biospecimen BCR XML 61.32 KB 0
TCGA-GBM [ 617 ]
™ A&controlled 03891b68-acb2-4a63-839c-2e56f35846db.vep.vcf.gz 1 TCGA-SKCM Simple Nucleotide Variation VCF 367.83 KB 0
TCGA-OV
m ™ &open ALANG p TCGA 180 SNP 1N GenomeWideSNP 6 H03 895878.grch38.seg.txt 1 TCGA-SKCM Copy Number Variation TXT 36.14 KB 0
TCGA-LUAD m ™ &@open 1d0ed301-414c-4945-a65b-5bfbad360d65.FPKM.txt.gz 1 TCGA-SKCM Transcriptome Profiling TXT 535.3 KB 0
TCGA-UCEC o } ™  @controlled 28acee18-95¢5-4690-8ata-814655395ca7.vef 1 TCGA-SKCM Simple Nucleotide Variation VCF 330.14 KB 0
TCGA-KIRC [ 57 | = &open 4667aded-fad8-493e-8cec-308648b0bbab.htseq.counts.gz 1 TCGA-SKCM Transcriptome Profiling TXT 245.78 KB 0
TCGA-HNSC ™  @controlled f916f49e-8037-4f34-8ae3-d79674c8660e gdc realn rehead.bam 1 TCGA-SKCM Raw Sequencing Data BAM 8.13GB 0
TCGA-LGG m = &open 393d326f-f2ad-4e0a-83bc-d41421dbd25e. FPKM.xt.gz 1 TCGA-SKCM Transcriptome Profiling TXT 501.64 KB 0
TCGA-THCA m w™  Qcontrolled 5c81b09d-7f0a-461c-aaad-bbff51461313.vep.vef.gz 1 TCGA-SKCM Simple Nucleotide Variation VCF 1.69 MB 0
TCGA-LUSC m ®  &open ac6098f3-b03b-4fd2-a214-cab070b2ccbd.htseq.counts.gz 1 TCGA-SKCM Transcriptome Profiling TXT 245.69 KB 0
- ™ @Qcontrolled 98f9a513-85f9-4f5b-8540-2d37d8482f2c.vcf.gz 1 TCGA-SKCM Simple Nucleotide Variation VCF 78.87 KB 0
™ @Qcontrolled C828.TCGA-EE-A17X-10A-01D-A199-08.2 gdc realn.bam 1 TCGA-SKCM Raw Sequencing Data BAM 9.86 GB 0
TCGA-SKCM [ 470 ]
®™  @controlled 29bd9ed6-f0a8-4ff3-bb1c-79766f2e2dbe.vep.vcf.gz 1 TCGA-SKCM Simple Nucleotide Variation VCF 968.66 KB 0
TESRCORD ® @controlled 2da8ef88-ba32-49bf-8d25-a85fc93975d9.vcr.gz 1 TCGA-SKCM Simple Nucleotide Variation VCF 130.31 KB 0
TCGA-STAD [ 3 ]
Show 20~ entries « e 2 3 4 5 6 7 8 9 10 - =
TCGA-BLCA B
TARGET-0S 221 ]
TCGA-LIHC E3
TCGA-CESC E3

Choose patients based on project



Use the GenomicDataCommons package to find and download
variants from the TCGA cutaneous melanoma dataset.

(GenomicDataCommons)
fnames = ()
GenomicDataCommons (- cases.project.project_id
data_type
data_format
analysis.workflow_type )

0)
()

And now take those data directly to maftools for analysis and
visualization.

(maftools)
melanoma = ( fnames[1])



m) EASISNS;:;\NEZT,{:?TITUTE A Home [iProjects %% Exploration & Analysis [EREecItg Q Quick Search  Manage Sets %) Login = Cart ]  iii GDC Apps

Files Cases «

oject Id n TCGA-SKCM u MuTect2 Variant Aggregation and Masking
% Advanced Search
Data Format | 15 | MAF | AND | OeaTpe | 1 | Mesked Somac Motaon

= Add All Files to Cart View 470 Cases in Exploration (# Browse Annotations

Add a File Filter

v File (2]

Q e.g. 142682.bam, 4f6e2e7a-b...

v Data Category
Simple Nucleotide Variation (1] Files (1) Cases (470) 89.38 MB
« Data Type ) Primary Site Project Data Category Data Type Data Format
Masked Somatic Mutation
v Experimental Strategy
WXS n Show More
v Workflow Type 0 Showing 1 - 1 of 1 files = IF JUSON Tsv
MuSE Variant Aggregation and Maskin: n G' Access File Name Cases Project Data Category Data Format File Size Annotations
MuTect2 Variant Aggregation and Masking ™ &open TCGA.SKCM.mutect.4b7a5729-b83e-4837-9b61-a6002dcelc0a.DR-10.0.somatic.maf.gz 470 TCGA-SKCM Simple Nucleotide Variation MAF 89.38 MB 48

™ =S

Show 20~ entries « e - , »

VarScan2 Variant Aggregation and Masking n

O

MAF P

R L YORPE S

Choose Data Type and Workflow to select files



Use the GenomicDataCommons package to find and download
variants from the TCGA cutaneous melanoma dataset.

(GenomicDataCommons)
fnames = ()
GenomicDataCommons (-~ cases.proiject.proiject id
data_type
data_format
analysis.workflow_type )
O
()

And now take those data directly to maftools for analysis and
visualization.

(maftools)
melanoma = ( fnames[1])



m) EASISNS;:;\NEZT,{:?TITUTE A Home [iProjects %% Exploration & Analysis [EREecItg Q Quick Search  Manage Sets %) Login = Cart ]  iii GDC Apps

Files Cases «
oject Id n TCGA-SKCM u MuTect2 Variant Aggregation and Masking
Add a File Filter % Advanced Search
Dat Fomat | 1 ' ] Maskd Somato Mutaton

= Add All Files to Cart View 470 Cases in Exploration (# Browse Annotations

Files (1) Cases (470) 89.38 MB

v File (2]

Q e.g. 142682.bam, 4f6e2e7a-b...

v Data Category

Simple Nucleotide Variation

Primary Site Project Data Category Data Type Data Format

BeB8J A

v Data Type
Aggregated Somatic Mutation
Masked Somatic Mutation

v Experimental Strategy ‘ ‘ ‘ ‘

WXS

Show More

~ Workflow Type Showing 1 - 1 of 1 files = |F JSON TSV

MUuSE Variant Aggregation and Masking ~ Access File Name Cases Project Data Category Data Format File Size Annotation:

™ f@open TCGA.SKCM.mutect.4b7a5729-b83e-4837-9b61-a6002dcel1c0a.DR-10.0.somatic.maf.gz 470 TCGA-SKCM Simple Nucleotide Variation MAF 89.38 MB 48

MuTect2 Variant Aggregation and Masking

SomaticSniper Variant Aggregation and M...

VarScan2 Variant Aggregation and Masking

v Data Format

80 aEEAEBRC B

MAF

R L YORPE S

Files, like all entities in the GDC, have an associated UUID



Use the GenomicDataCommons package to find and download
variants from the TCGA cutaneous melanoma dataset.

(GenomicDataCommons)
fnames = ()
GenomicDataCommons (- cases.project.project_id
data_type
data_format
analveie workflow_ type )
()
)

And now take those data directly to maftools for analysis and
visualization.

(maftools)
melanoma = ( fnames[1])



m) EASISNS;:;\NEZT,{:?TITUTE A Home [iProjects %% Exploration & Analysis [EREecItg Q Quick Search  Manage Sets %) Login = Cart ]  iii GDC Apps

Files Cases «
oject Id n TCGA-SKCM u MuTect2 Variant Aggregation and Masking
Add a File Filter % Advanced Search
— i | Moote Samac Motaton
v File (2]
Q e.g. 142682.bam, 4f6e2e7a-b...
= Add All Files to Cart l/iew 470 Cases in Exploration (# Browse Annotations
v Data Category
Simple Nucleotide Variation (1] Files (1) Cases (470) 89.38 MB
« Data Type ) Primary Site Project Data Category Data Type Data Format
Aggregated Somatic Mutation n
Masked Somatic Mutation n
v Experimental Strategy
WXS n Show More
v Workflow Type 0 Showing 1 - 1 of 1 files = IF JUSON Tsv
MuSE Variant Aggregation and Masking [ 1] G' Access File Name Cases Project Data Category Data Format File Size Annotations
MuTect2 Variant Aggregation and Masking n ™ &open TCGA.SKCM.mutect.4b7a5729-b83e-4837-9b61-a6002dcelc0a.DR-10.0.somatic.maf.gz 470 TCGA-SKCM Simple Nucleotide Variation MAF 89.38 MB 48

SomaticSniper Variant Aggregation and M...

VarScan2 Variant Aggregation and Masking

v Data Format
MAF
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Use the GenomicDataCommons package to find and download
variants from the TCGA cutaneous melanoma dataset.

(GenomicDataCommons)
fnames = ()
GenomicDataCommons (- cases.project.project_id
data_type
data_format
analysis.workflow_type )
)
()

And now take those data directly to maftools for analysis and
visualization.

(maftools)
melanoma = ( fnames[1])



Visualization

Oncoplot (encoploft)
Oncostrip (oncostrip)

Compare two cohorts (coOncoplot,
forestPlot)

Lollipop plot
(lollipopPlot)

TiTv plot (titv, plotTiTv)
Rainfall plot (rainfallPlot)
Genecloud (geneCloud)

GISTIC plots (gisticBubblePlot,
gisticChromPlot, gisticOncoPlot)

APOBEC and Signature plots
(plotApobecDiff, plotSignatures)

MAF summary (plotmafSummary)

Input MAF

read.maf

readGistic*
|

MAF object
Ml

Analysis

v

Set operation

Subset
(subsetMaf)

A

¢ 1

MAF object
|

Variant Annotations

Variant annotations via oncotator
API (oncotate)

Annovar output to MAF
conversion (annovarToMaf)

ICGC simple somatic to MAF
(icgcSimpleMutationToOMAF)

Driver gene detection (oncodrive)

Mutual exclusive and co-occuring
events (somaticinteractions)

Differentially mutated genes
(mafCompare)

De-novo Mutational Signature analysis
(trinucleotideMatrix,
extractSignatures)

APOBEC enrichment estimation
(trinucleotideMatrix)

Pan Cancer comparison
(pancanComparision)

Survival analysis (mafSurvival)
Heterogeneity estimation
(inferHeterogeneity, math.score)

Pfam domain summarization
(pfamDomains)

MutSig gene symbol correction
(prepareMutSig)

GDC Programmatic access example:
Somatic profiles from TCGA melanoma samples (8 lines of code)




Use the GenomicDataCommons package to find and download
variants from the TCGA cutaneous melanoma dataset.

(GenomicDataCommons)
fnames = ()
GenomicDataCommons (- cases.project.project_id
data_type
data_format
analysis.workflow_type )

0)
()

And now take those data directly to maftools for analysis and
visualization.

(maftools)
melanoma = ( fnames[1])



Altered in 424 (90.79%) of 467 samples.
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# of Variants

SNP 1

INS 1

DEL 1

Variant Type

Variant Classification SNV Class
e |

12000

9000

6000

3000

500

Val

Each with 1-2

50%
49%
45%
38%
36%
34%
34%
33%
33%
33%
33%
32%
32%
31%
31%
31%
31%
31%

Altered in 424 (90.79%) of 467 samples.
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Abstract

< Share
Biotechnological advances in sequencing have led to an explosion of publicly available data via large
international consortia such as The Cancer Genome Atlas (TCGA), The Encyclopedia of DNA
Elements (ENCODE), and The NIH Roadmap Epigenomics Mapping Consortium (Roadmap). These
projects have provided unprecedented opportunities to interrogate the epigenome of cultured cancer cell lines as well as
normal and tumor tissues with high genomic resolution. The Bioconductor project offers more than 1,000 open-source
software and statistical packages to analyze high-throughput genomic data. However, most packages are designed for
specific data types (e.g. expression, epigenetics, genomics) and there is no one comprehensive tool that provides a
complete integrative analysis of the resources and data provided by all three public projects. A need to create an
integration of these different analyses was recently proposed. In this workflow, we provide a series of biologically focused
integrative analyses of different molecular data. We describe how to download, process and prepare TCGA data and by
harnessing several key Bioconductor packages, we describe how to extract biologically meaningful genomic and
epigenomic data. Using Roadmap and ENCODE data, we provide a work plan to identify biologically relevant functional
epigenomic elements associated with cancer. To illustrate our workflow, we analyzed two types of brain tumors: low-
grade glioma (LGG) versus high-grade glioma (glioblastoma multiform or GBM). This workflow introduces the following
Bioconductor packages: AnnotationHub, ChIPSeeker, ComplexHeatmap, pathview, ELMER, GAIA, MINET,
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Bioconductor: Education, Training, and Community
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Bioconductor -
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Bioconductor provides tools for the
analysis and comprehension of high-
throughput genomic data
Bioconductor uses the R statistical
programming language, and is open
source and open development. It
has two releases each year,

es, and an active
user community. Bioconductor is
also available as an AMI (Amazon
Machine Image) and a series of
Docker images.
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Bioconductor 3.6 is available.
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available.

Orchestrating high-throughput genomic
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Questions? https://bioconductor.org

https://seandavi.github.io
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