
Bioinformatics for cancer research

Bing Zhang, Ph.D.
Professor of Molecular and Human Genetics

Lester & Sue Smith Breast Center

Baylor College of Medicine

bing.zhang@bcm.edu



What is bioinformatics

Bio informatics

Data

§ Hypotheses
§ Questions
§ Samples
§ Experiments

§ DNA
§ RNA
§ Protein
§ Metabolite
§ Phenotype

§ Sequence
§ Expression
§ Structure
§ Interaction

§ Storage/retrieval
§ Visualization
§ Computational methods
§ Statistical methods

Bioinformatics
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Why now?

Bio informatics

Data

§ Hypotheses
§ Questions
§ Samples
§ Experiments

§ DNA
§ RNA
§ Protein
§ Metabolite
§ Phenotype

§ Sequence
§ Expression
§ Structure
§ Interaction

§ Storage/retrieval
§ Visualization
§ Computational methods
§ Statistical methods

informatics
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Roles for different investigators in bioinformatics

n Algorithm developer

q Statisticians

q Mathematicians

q Computer scientists

n Tool developer

q Bioinformaticians

n Data provider/consumer

q Biologists
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Comprehensive list of bioinformatics resources

n October 2016

q 176 Resources

q 621 Databases

q 1548 Tools

http://bioinformatics.ca/links_directory/
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Sequence and structure databases

n Genbank: http://www.ncbi.nlm.nih.gov/genbank/

q Annotated collection of all publicly available DNA sequences

q 220,731,315,250 bases in 197,390,691 sequences as of October 2016

q Whole Genome Sequencing (WGS) data: ftp://ftp.ncbi.nih.gov/ncbi-
asn1/wgs ftp://ftp.ncbi.nih.gov/genbank/wgs

q WGS: 1,676,238,489,250 bases in 363,213,315 sequences as of October 2016

n UniProt: http://www.uniprot.org/

q Comprehensive resource for protein sequences and functional information

q 552,259 reviewed entries as of October 2016

n PDB: http://www.rcsb.org/

q 3D structures of large biological molecules, including proteins, nucleic acids, and complex 
assemblies

q 123,870 structures as of October 2016

n Pfam: http://pfam.xfam.org/

q Collection of protein families, each represented by multiple sequence alignments and hidden 
Markov models (HMMs)

q 16,306 families as of October 2016
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Genome browsers

n UCSC genome browser
q http://genome.ucsc.edu/cgi-bin/hgGateway

n Ensembl genome browser
q http://www.ensembl.org/index.html
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Base position

GenCode annotation

RefSeq annotation

OMIM Alleles
Human mRNAs

Tissue expression

Regulatory elements

Comparative genomics

n Integrative Genomics Viewer (IGV)
q http://software.broadinstitute.org/software/igv/

UCSC genome browser screenshot

Graph interface for browsing and visualizing genome-wide sequence and annotation data. 



Genome browsers

Translational Breast Cancer Research, 2016
24 VOLUME 29   NUMBER 1   JANAURY 2011   NATURE BIOTECHNOLOGY

multiple data types, including clinical data. 
However, the sheer volume and scope of 
data pose a significant challenge to the 
development of such tools.

To address this challenge, we have 
developed the Integrative Genomics 
Viewer (IGV), a lightweight visualization 
tool that enables intuitive real-time 
exploration of diverse, large-scale genomic 
data sets on standard desktop computers. 
It supports flexible integration of a wide 
range of genomic data types including 
aligned sequence reads, mutations, copy 
number, RNA interference screens, gene 
expression, methylation and genomic 
annotations (Supplementary Fig. 1). 
The IGV makes use of efficient, multi-
resolution file formats to enable real-time 
exploration of arbitrarily large data sets 
over all resolution scales, while consuming 
minimal resources on the client computer 
(Supplementary Notes). Navigation 
through a data set is similar to that of 
Google Maps, allowing the user to zoom 
and pan seamlessly across the genome 
at any level of detail from whole genome 
to base pair (Supplementary Fig. 2). 
Data sets can be loaded from local or 
remote sources, including cloud-based 
resources, enabling investigators to view 
their own genomic data sets alongside 
publicly available data from, for example, 
The Cancer Genome Atlas1, 1000 
Genomes2 (http://www.1000genomes.
org/) and ENCODE3 (http://www.genome.
gov/10005107) projects. In addition, IGV 
allows collaborators to load and share data 
locally or remotely over the internet.

IGV supports concurrent visualization 
of diverse data types across hundreds, 
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introduction of transgenic maize developed 
for pharmaceutical or other non-food 
purposes, and its impact on landraces9,10.

Mexico needs to be able to define what kind 
of transgenic materials (for maize and any 
other relevant crop) it needs for its ecological, 
social and economic requirements. This 
responsibility must be carefully analyzed in 
order to provide farmers with adequate and 
necessary elements to help achieve a level of 
food security for the present and future of 
Mexican society, while conserving genetic 
diversity and helping develop adequately the 
social structures of the rural economy and 
society.
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Integrative genomics viewer
To the Editor:
Rapid improvements in sequencing 
and array-based platforms are resulting 
in a flood of diverse genome-wide 
data, including data from exome and 
whole-genome sequencing, epigenetic 
surveys, expression profiling of coding 
and noncoding RNAs, single nucleotide 
polymorphism (SNP) and copy number 
profiling, and functional assays. Analysis 

of these large, diverse data sets holds 
the promise of a more comprehensive 
understanding of the genome and its 
relation to human disease. Experienced 
and knowledgeable human review is 
an essential component of this process, 
complementing computational approaches. 
This calls for efficient and intuitive 
visualization tools able to scale to very 
large data sets and to flexibly integrate 
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Figure 1  Copy number, expression and mutation 
data grouped by tumor subtype. This figure 
illustrates an integrated, multi-modal view of 
202 glioblastoma multiforme samples from The 
Cancer Genome Atlas (TCGA). Copy number data 
are segmented values from Affymetrix (Santa 
Clara, CA, USA) SNP6.0 arrays. Expression 
data are limited to genes represented on all 
TCGA-employed platforms and displayed across 
the entire gene locus. Red shading indicates 
relative upregulation of a gene and the degree 
of copy gain of a region; blue shading indicates 
relative downregulation and copy loss. Small 
black squares indicate the position of point 
missense mutations. Samples are grouped by 
tumor subtype (2nd annotation column) and data 
type (1st sample annotation column) and sorted 
by copy number of the EGFR locus. Linking 
by sample attributes ensures that the order of 
sample tracks is consistent across data types 
within their respective tumor subtypes.

CORRESP ON DE NCE

Robinson et al. Nat Biotechnol, 2011

IGV: copy number, expression and mutation data grouped by tumor subtype

EGFR



Genome browsers
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IGV: view of aligned reads at 20Kb resolution



Gene-centric databases

n Entrez Gene

q http://www.ncbi.nlm.nih.gov/gene

q NCBI/NIH

q All completely sequenced genomes

q One gene per page

n Ensembl BioMart

q http://www.ensembl.org/biomart/martview

q EMBL-EBI and Sanger Institute

q Vertebrates and other selected eukaryotic species

q Batch information retrieval
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Gene/protein expression data repositories

n Gene Expression Omnibus (GEO)

q http://www.ncbi.nlm.nih.gov/geo/

n ArrayExpress

q http://www.ebi.ac.uk/arrayexpress/

n PRIDE

q https://www.ebi.ac.uk/pride/archive/
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Pathway and network databases

n Gene Ontology (GO): http://www.geneontology.org/

n Pathway databases

q KEGG: http://www.genome.jp/kegg/pathway.html

q Reactome: http://www.reactome.org/

q WikiPathways: http://www.wikipathways.org/

n Protein-protein interaction databases
q DIP: http://dip.doe-mbi.ucla.edu/
q MINT: http://mint.bio.uniroma2.it/mint/

q BioGRID: http://www.thebiogrid.org/

q HPRD: http://www.hprd.org
q iRef: http://wodaklab.org/iRefWeb

n Protein-DNA interaction database
q Transfac: http://www.gene-regulation.com

q Jaspar: http://jaspar.genereg.net/
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n Genomics
q Genome Wide Association Study (GWAS)

q Whole genome or exome sequencing
q Copy number analysis

n Epigenomics
q DNA methylation

n Transcriptomics
q mRNA profiling

n Microarray
n RNA-Seq

q Protein-DNA interaction

n Chromatin immunoprecipitation (ChIP)-Seq

n Proteomics
q Protein profiling

n LC-MS/MS

q Protein-protein interaction
n Yeast two hybrid
n Affinity pull-down/LC-MS/MS

Pathway and network analysis: motivation

………..
………..
………..
………..
……….
……….
……….
……….
………
………
………



Pathway and network analysis: tools

n Pathway analysis

q WebGestalt: http://www.webgestalt.org

q DAVID: https://david.ncifcrf.gov/

q GSEA: http://software.broadinstitute.org/gsea

n Network analysis

q Cytoscape: http://www.cytoscape.org/

q NetGestalt: http://www.netgestal.org

q STRING: http://string-db.org

q GeneMANIA: http://genemania.org/

q Gene2Net: http://www.gene2net.org
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WebGestalt: http://www.webgestalt.org

WebGestalt 

8 organisms 
Human, Mouse, Rat, Dog, Fruitfly, Worm, Zebrafish, Yeast 

Microarray Probe IDs 
•  Affymetrix 
•  Agilent 
•  Codelink 
•  Illumina 

Gene IDs 
•  Gene Symbol 
•  GenBank 
•  Ensembl Gene 
•  RefSeq Gene 
•  UniGene 
•  Entrez Gene 
•  SGD 
•  MGI 
•  Flybase ID 
•  Wormbase ID 
•  ZFIN 

Protein IDs 
•  UniProt 
•  IPI 
•  RefSeq Peptide 
•  Ensembl Peptide 

196 ID types with mapping to Entrez Gene ID 

59,278 functional categories with genes identified by 
Entrez Gene IDs   

Gene Ontology 
•  Biological Process 
•  Molecular Function 
•  Cellular Component 

Pathway 
•  KEGG 
•  Pathway Commons 
•  WikiPathways 

Network module 
•  Transcription factor targets 
•  microRNA targets 
•  Protein interaction modules 

Disease and Drug 
•  Disease association genes 
•  Drug association genes 

Chromosomal location 
•  Cytogenetic bands 

Genetic Variation IDs 
•  dbSNP 

http://www.webgestalt.org

Jan. 1, 2015 – Dec. 31, 2015
63,932 visits from 27,409 visitors
>300 citations

~200 
ID types

~60K 
Functional 
categories

Analysis/
visualization

Zhang et.al. Nucleic Acids Res. 33:W741, 2005
Wang et al. Nucleic Acids Res. 41:W77, 2013

Gene list

Pathways/
functional categories

Daily Unique Visitors (Jan 2015 – Dec 2015)



Cancer-specific resources

n Pavlopoulou et al., Human cancer 
databases (Review), Oncology 
Reports, 33:3-18, 2015

n Yang et al., Databases and web tools 
for cancer genomics study, Genomics 
proteomics bioinformatics, 13: 46-50, 
2015

n https://www.oxfordjournals.org/our_journ
als/nar/database/subcat/8/33
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Catalogue of somatic mutations in cancer (COSMIC)

n COSMIC is designed to store and display somatic mutation information and related
details and contains information relating to human cancers

n Wellcome Trust Sanger Institute

n http://cancer.sanger.ac.uk/cosmic

n Expert curation data and genome-wide screen data

n Search by gene, cancer type, mutation, or sample
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COSMIC: breast cancer
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n Understanding mutation frequency
q What mutation detection method was

employed

q Was the whole gene screened

q Has the sample been screened before

q Are all mutations real?



COSMIC: getting help
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http://cancer.sanger.ac.uk/cosmic/help



Cancer Gene Census

n Futreal et al. A census of
human cancer genes.
Nature Reviews Cancer,
4:2004

n The Cancer Gene Census
is an ongoing effort to
catalogue those genes for
which mutations have
been causally implicated in
cancer.

n 602 genes as of October
2016.
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Genomics of Drug Sensitivity in Cancer (GDSC)

n A collaboration between the Cancer Genome Project at the
Wellcome Trust Sanger Institute (UK) and the Center for Molecular
Therapeutics, Massachusetts General Hospital Cancer Center
(USA), funded by the Wellcome Trust.

n Goal: to identify molecular features of cancers that predict response
to anti-cancer drugs.
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http://www.cancerrxgene.org/



GDSC: drug sensitivity vs Her2 amplification
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http://www.cancerrxgene.org/



The Cancer Genome Atlas (TCGA)

n A collaboration between the National Cancer 
Institute (NCI) and National Human Genome 
Research Institute (NHGRI)

n To accelerate the understanding of the molecular 
basis of cancer through the application of genome 
analysis technologies, including large-scale 
genome sequencing.

Translational Breast Cancer Research, 2016



NCI Genomic Data Commons (GDC)

n A product of the NCI Center for Cancer Genomics (CCG)

n Mission: to provide the cancer research community with a unified data repository
that enables data sharing across cancer genomic studies in support of precision
medicine

n Associated projects: TCGA, Therapeutically Applicable Research to Generate
Effective Treatments (TARGET) initiative, and Cancer Genome Characterization
Initiative (CGCI)
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https://gdc.cancer.gov/



GDC: TCGA breast cancer
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https://gdc-portal.nci.nih.gov/projects/TCGA-BRCA



NCI Genomic Data Commons
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https://gdc.cancer.gov/



cBioPortal for Cancer Genomics

n http://www.cbioportal.org/

n Visualization, analysis and download of large-scale cancer
genomics data sets

n 147 cancer genomics studies as of October 2016

n References

q Gao et al., Sci Signal 2013

q Cerami et al. Cancer Discov, 2012
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cBioPortal: TCGA breast cancer overview
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cBioPortal: query interface
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Select cancer study

Select genomic profiles

Select patient/case set

Enter gene set



cBioPortal: oncoprint

n Compact visualization of distinct genomic alterations, including somatic
mutations, copy number alterations, and gene expression changes across a
set of cases.
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ERBB2

p53 signaling



cBioPortal: mutual exclusivity
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Mutual exclusivity => functional link
• Alteration to the second gene within the same pathway offers no further selective advantage
• Alteration to the second gene within the same pathway leads to a disadvantage for the cell, i.e., 

synthetic lethality.

Ciriello et al., Genome Res, 2012



cBioPortal: copy number vs mRNA expression
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cBioPortal: mutations
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cBioPortal: survival
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cBioPortal: exploring the interactome

Translational Breast Cancer Research, 2016



International Cancer Genome Consortium (ICGC)

n To obtain a comprehensive description of genomic, transcriptomic and epigenomic
changes in 50 different tumor types and/or subtypes which are of clinical and societal 
importance across the globe.
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http://www.icgc.org/



ICGC Data Portal
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https://dcc.icgc.org/



ICGC Data Portal: cancer projects
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ICGC Data Portal: breast cancer
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ICGC Data Portal: BRAF
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ICGC Data Portal: BRAF mutations
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ICGC Data Portal: BRAF targeting compounds
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Clinical Proteome Tumor Analysis Consortium
(CPTAC)

n Goals

q Global proteomic characterization of TCGA tumors

q Proteogenomic data integration

n Five centers established in 2011

q Broad Institute

q John Hopkins University

q Pacific Northwest National Laboratory

q Washington University

q Vanderbilt University

n Tumor samples

q Breast (Broad and Wash U)

q Colon and Rectal (Vanderbilt)

q Ovarian (JHU and PNNL)

n CPTAC data portal

q https://cptac-data-portal.georgetown.edu



Clinical Proteome Tumor Analysis Consortium
(CPTAC)



LinkedOmics: cross-omics association analysis
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LinkedOmics: cross-omics association analysis

LinkInterpretor
GO (Gene Ontology)                     KEGG (KEGG Pathways)
WP (Wikipathways)                       PC (Pathway Commons)
TFT (Trascription Factor Target)    MRT (MicroRNA Target)
PIN (Protein Network Interaction)  CBA (Cytogenic Band)

LinkCompare
Between cancer types
Between platforms

Metaanalysis Scatter plot
Venn diagram                   Heat map

omicsSnapshot

User query
Proteins associated with patient survival?
Proteins associated with a genomic alteration?
Transcripts associated with a protein phosphorylation event?
mRNAs and proteins associated with a miRNA?

TCGA
LAML, ACC, BLCA, LGG, BRCA, CESC, CHOL,
COAD, COADREAD, ESCA, GBM, HNSC, KICH,
KIRC, KIRP, LIHC, LUAD, LUSC, DLBC, MESO
OV, PAAD, PCPG, PRAD, READ, SARC, SKCM
STAD, TGCT, THYM, THCA, UCS, UCEC, UVM

CPTAC
BRCA, COADREAD, OV

Output
- Significant associations (table)
- Global visualization (Volcano plot)
- Visualization of each gene association 

(various statistical plots)

Output
- Significantly enriched pathways, biological 

process, and networks
- Visualization of enrichment
- Visualization of pathways/networks

Output
- Significant genes in multiple cancer types
- Significant genes unique to a cancer type
- Significant genes supported by multiple 

platforms
- Significant genes unique to a platform

Multi-omics Data
Clinical
miRNA expression (miRNA)  miRNA expression (isoform)   RPPA (gene)
mNA expression (gene)         mRNA expression (isoform)    RPPA (analyte)
Methylation 27 (CpG)            Methylation 27 (gene)             SCNA (gene)
Mutation (site)                        Mutation (gene)                      SCNA (focal)

Output
Visualization of multi-omics profiles 

Clinical
Methylation

Mutation

CNVmRNA

RPPA

Proteomics

miRNA

LinkFinder



Become a superuser

n Algorithm developer

q Statisticians

q Mathematicians

q Computer scientists

n Tool developer

q Bioinformaticians

n Data provider/consumer

q Biologists

Graph courtesy of http://www.incogen.com/
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