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● Large amount of biological data 
are currently available for 
researchers

● How we can use this large amount 
of information in our research?

● We can use it easily?

● We can integrate these information 
with other biological knowledges?

From: PLoS biology, 13(7), 2015, e1002195.
https://doi.org/10.1371/journal.pbio.1002195

https://doi.org/10.1371/journal.pbio.1002195


● A biological  phenotype 
is the result of the 
combination of multiple 
molecular layers

● The contribution of 
these layers can be 
measured by 
high-throughput  
technologies

● Most of results of these 
experiments are largely 
available to researchers 
through web-based 
resources and data 
repositories

From: https://medicine.umich.edu/dept/dcmb/research

https://medicine.umich.edu/dept/dcmb/research


Main data types

● Raw: Sequencing reads (Fastq), microarray signals (CEL), proteomic spectra (mzML), ...
● Processed: Expression tables, ChIP-Seq peaks (BED), lists of genomic variants (VCF), ...

● Integrated: Genome browsers, interactive web platforms, JAVA graphical interfaces, ...



● Level: Genome

● Project: 1000 Genome Project

● Aim: Creation of a catalog of 
human genetic variations

● Samples: primary lymphoblastoid 
cell lines

● Technologies: WGS, WES

● Data: Raw, processed, integrated

Nature Collection

http://www.internationalgenome.org/
https://www.nature.com/collections/dcfqmlgsrw


Data access: http://www.internationalgenome.org/data

Variant Call Format (VCF)

Sequence Alignment Map (SAM) Format

http://www.internationalgenome.org/data
http://www.internationalgenome.org/wiki/Analysis/vcf4.0/
https://samtools.github.io/hts-specs/SAMv1.pdf


Data visualization and integration (e.g. Ensembl Genome Browser)

https://www.ensembl.org/index.html


Brief. in Functional Genomics, 16(3), 2017, 163-70,
https://doi.org/10.1093/bfgp/elw027

What else?

- Exome Aggregation Consortium (ExAC)
- European Genome-phenome Archive (EGA)
- The database of Genotypes and Phenotypes
(dbGaP)

- 10K Genomes project (Non human)
- 1000 Plant Genomes Project (Non human)

What’s next?

100,000 Genomes 
Project

AstraZeneca
2 million genomes

https://doi.org/10.1093/bfgp/elw027
http://exac.broadinstitute.org/
https://www.ebi.ac.uk/ega/datasets
https://www.ncbi.nlm.nih.gov/gap
https://genome10k.soe.ucsc.edu/
https://sites.google.com/a/ualberta.ca/onekp/
https://www.genomicsengland.co.uk/the-100000-genomes-project/
https://www.genomicsengland.co.uk/the-100000-genomes-project/
https://www.nature.com/news/astrazeneca-launches-project-to-sequence-2-million-genomes-1.19797
https://www.nature.com/news/astrazeneca-launches-project-to-sequence-2-million-genomes-1.19797


● Level: Epigenome

● Project: Roadmap Epigenomics

● Aim: Characterization of healthy 
human tissue epigenomes

● Samples: tissues / cell types

● Technologies: DNA methylation, 
Histone modification ChIP-Seq, 
DNase-Seq, and RNA-Seq

● Data: Raw, processed, integrated

Nature Collection

http://www.roadmapepigenomics.org/
https://www.nature.com/collections/vbqgtr/


Data access: http://egg2.wustl.edu/roadmap/web_portal/ 

Processed data for single dataset:

- Cell line, dataset Metadata
- Quality control results
- Read Alignments
- Signal peaks
- Genome-wide signal coverage
- Expression quantification

Integrated data from multiple datasets

- Chromatin states
- Comparison between epigenomes
- Predicted promoters and enhancers
- Tissue-specific regulators
- Prediction of disease variant 

functional effect

http://egg2.wustl.edu/roadmap/web_portal/


Data visualization and integration

Processed data for single dataset / tissue                                         Integrated data from multiple datasets / tissues

WashU Genome Browser

https://epigenomegateway.wustl.edu/


 
Nature, 518, 2015, 317-330,
http://doi.org/10.1038/nature14248

(Cell special issue)

What else?

● Blueprint
● CEEHRC

● modENCODE (Non-human model 
organisms)

What’s next?

NIH 4D Nucleome

http://doi.org/10.1038/nature14248
http://www.cell.com/consortium/IHEC
http://www.blueprint-epigenome.eu/
http://www.epigenomes.ca/
http://www.modencode.org/
https://www.4dnucleome.org/


 

● Level: Transcriptome

● Project: GTEx

● Aim: Large scale analysis of 
expression Quantitative Traits 
Loci (eQTL)

● Samples: Post-mortem tissues

● Technologies: WES, WGS, 
SNP microarray, RNA-Seq

● Data: Processed and integrated

Nature Collection

https://www.gtexportal.org/home/
https://www.nature.com/collections/dcfzxywzby


 

Nature, 550, 2017, 204-213.
http://doi.org/10.1038/nature24277

What else?

● FANTOM5 (Nature Collection paper)
● Human Developmental Biology Resource 

 (HDBR)

What’s next?

Human Cell Atlas

http://doi.org/10.1038/nature24277
http://fantom.gsc.riken.jp/5/
https://www.nature.com/collections/jcxddjndxy
http://www.hdbr.org/
https://www.humancellatlas.org/


 

● Level: Proteome

● Project: The Human Protein 
Atlas

● Aim: Analysis of protein tissue 
expression and localization

● Samples: Tissues, cell lines

● Technologies: Protein array, 
IHC, Immunofluorescence, 
Western blot, RNA-Seq,

● Data: Processed and integrated

https://www.proteinatlas.org/
https://www.proteinatlas.org/


 

Data access

Publication Data

- Antibody response
- Protein array expression data - Tissue
- Protein array expression data - Cells
- Immunofluorescence expression data
- RNA isoform expression data

Downloadable Data

- Normal tissue data (level and 
reliability)

- Pathology data (level, reliability, 
correlation with survival)

- Subcellular localization data 
(reliability, level, between cell 
variations, cell cycle dependency)

- RNA-Seq data (gene/isoform 
level in TPM)

https://www.proteinatlas.org/about/publicationdata
https://www.proteinatlas.org/about/download


 

Data visualization and integration



 

Science. 2015, 347(6220), 1260419.
http://doi.org/10.1038/nature24277

What else?

● Human Proteome Map
● Human Metabolome Project
● Clinical Proteomic Tumor Analysis 

Consortium (CPTAC)

What’s next?

http://doi.org/10.1038/nature24277
http://www.humanproteomemap.org/
http://www.wishartlab.com/projects/the-human-metabolome-project
https://proteomics.cancer.gov/programs/cptac
https://proteomics.cancer.gov/programs/cptac


 

● Level: Multi omics - cellular level

● Project: ENCODE

● Aim: Functional annotation of 
human genome

● Samples: Cell lines, primary cells, 
tissue (non human), whole 
organism

● Technologies: ChIP-Seq, 
RNA-Seq, CLIP/RIP-Seq, WGBS, 
RRBS, DNase-seq, ChIA-PET, 5C, 
FAIRE-Seq, Repli-Seq, WGS, Hi-C

● Data: Raw, processed, integrated
Nature Collection

https://www.encodeproject.org/
http://www.nature.com/encode/#/threads


Data access: https://www.encodeproject.org/matrix/?type=Experiment

 

https://www.encodeproject.org/matrix/?type=Experiment


 

Data access: https://www.encodeproject.org/matrix/?type=Experiment

Available files:
- Experiment protocols and QC
- Raw reads (Fastq)
- Alignment files (BED, SAM, BAM)
- Genomic coverage files (BIGWIG)
- Peaks coordinates (BED, BIGBED)

https://www.encodeproject.org/matrix/?type=Experiment


 

Data visualization and integration

WashU Genome Browser

UCSC Genome Browser

Search Candidate cis-Regulatory Elements by ENCODE 
(SCREEN)

https://epigenomegateway.wustl.edu/
https://genome.ucsc.edu/encode/
http://screen.encodeproject.org/


 

Trends Genet. 2016, 32(4), 238-249.
https://doi.org/10.1016/j.tig.2016.02.002

What else?

● Cancer Cell Line Encyclopedia (CCLE)
● BD2K-LINCS project
● NCI60
● GDSC
● Project Achilles and DRIVE

What’s next?

https://doi.org/10.1016/j.tig.2016.02.002
https://portals.broadinstitute.org/ccle
http://lincs-dcic.org/
https://discover.nci.nih.gov/cellminer/home.do
https://www.cancerrxgene.org/
https://portals.broadinstitute.org/achilles
https://oncologynibr.shinyapps.io/drive/


 

● Level: Multi omics - tissue level

● Project: TCGA

● Aim: Molecular characterization 
and classification of tumors and 
their vulnerability

● Samples: Healthy and primary 
cancer tissue samples

● Technologies: WES, WGS, 
RNA-Seq, protein array, DNA 
Methylation array

● Data: Processed and integrated

Publication list

https://cancergenome.nih.gov/publications


 

Data access: https://portal.gdc.cancer.gov/

Available files:
- Gene / miRNA expression quantification
- VCF and MAF file
- CNV data
- Methylation data
- Protein level data
- Clinical data

https://portal.gdc.cancer.gov/


 

Data visualization and integration

cBioPortal 

http://www.cbioportal.org/


Cell. 2018, 173(2), 305-320
https://doi.org/10.1016/j.cell.2018.03.033

What else?

● International Cancer Genome Consortium (ICGC)
● Pediatric Cancer Genome Project (PGCP)
● TARGET Project

What’s next?

Pre-Cancer Atlas

Cancer Moonshot

 

https://doi.org/10.1016/j.cell.2018.03.033
http://icgc.org/
http://explore.pediatriccancergenomeproject.org/
https://ocg.cancer.gov/programs/target
https://prevention.cancer.gov/news-and-events/news/pre-cancer-atlas-pca-and
https://www.cancer.gov/research/key-initiatives/moonshot-cancer-initiative


 

● Level: Multi omics - organ level

● Project: Allen Brain Atlas

● Aim: Integrated analysis of cell 
line drug responsiveness

● Samples: Human and mouse 
brain biopsies

● Technologies: Microarray, ISH, 
RNA-Seq, MRI

● Data: Raw, processed and 
integrated

http://www.brain-map.org/


 

Data access: http://www.brain-map.org/

Human Brain data: Microarray and RNA-Seq data, MRI scan
Developing Human Brain data: Microarray, RNA-Seq, Exon microarray data
Glioblastoma Atlas: RNA-Seq, Clinical data  
Aging, Dementia, TBI: RNA-Seq, Clinical data, IHC

Non-human primate data: Microarray data

Mouse Brain data: ISH data
Developing Mouse Brain data: ISH data
Mouse Spinal Cord: ISH data
Mouse Brain Connectivity: Reconstruction 
using transgenic mice data
Cell Type: RNA-Seq data, Morphology and 
Electrophysiology data
Brain observatory: Physiological data 
transgenic mice

http://www.brain-map.org/
http://human.brain-map.org/static/download
http://www.brainspan.org/static/download.html
http://glioblastoma.alleninstitute.org/static/download.html
http://aging.brain-map.org/download/index
http://www.blueprintnhpatlas.org/static/download
http://mouse.brain-map.org/
http://developingmouse.brain-map.org/
http://mousespinal.brain-map.org/
http://connectivity.brain-map.org/
http://celltypes.brain-map.org/
http://observatory.brain-map.org/visualcoding


 

Data visualization and integration



 

Trend in Neuros. 2012, 35(12), 711-714
https://doi.org/10.1016/j.tins.2012.09.005

What else?

● Human Connectome Project
● Human Brain Project
● iPOP and P100

What’s next?

100K Wellness
Project

https://doi.org/10.1016/j.tins.2012.09.005
http://www.humanconnectomeproject.org/
https://www.humanbrainproject.eu/en/
http://snyderlab.stanford.edu/iPOP.html
https://www.systemsbiology.org/news/2017/07/17/pioneer-100-study/
https://www.systemsbiology.org/research/100k-wellness-project/
https://www.systemsbiology.org/research/100k-wellness-project/


● A large amount of high-throughput data derived 
from small scale omic project and research

● These data are stored in repositories like Gene 
Expression Omnibus (GEO) and ArrayExpress or 
provided as supplementary material of publications

https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
https://www.ebi.ac.uk/arrayexpress/


● A large number of 
biological systems and 
phenotypes were studied 
using high-throughput 
technologies

● Most of these data are 
freely available and easy to 
retrieve and visualize

● Any biological studies can 
be improved by integrating 
these public omic 
information. 

● Then exploit them and stay 
updated (e.g. pubmed 
“save” function) 

From: https://medicine.umich.edu/dept/dcmb/research

https://www.ncbi.nlm.nih.gov/books/NBK53592/#savesearch.Setting_up_Automatic_Email_Up
https://medicine.umich.edu/dept/dcmb/research

