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All living things are made from the same stuff: 
DNA, RNA, protein…

…and agriculture, and the environment

Real-time genomics in the field
Measuring DNA, RNA, protein…

Imaging: new technologies change the game

EM tomography,
Atomic-scale models from EM

Super-resolution
light microscopy

High-resolution MRI and CT
Light sheet microcopy
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What is EMBL-EBI?

• Europe’s home for biological data services, research 
and training

• Part of EMBL, an intergovernmental research 
organisation

• A trusted data provider for the life sciences

• 120 Petabytes of storage (0.1 exabytes)

• >40,000 CPU Cores

• 20 Gbit Internet connection

• International: 600 members of staff from 60 nations

• Home of the ELIXIR Technical hub.

Data resources at EMBL-EBI
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What services do we provide? 
Labs around the 
world send us 
their data and 

we…

Archive it

Classify it
Share it with 
other data 
providers

Analyse, add 
value and 
integrate it

…provide 
tools to help 
researchers 

use it

A collaborative
enterprise

Principles of FAIR data 

• Findable

• identifiers, metadata, indexed

• Accessible

• retrievable by identifier using open, free protocol

• Interoperable

• formal, accessible language using FAIR vocabularies

• Re-usable

• clear, accessible license, provenance, community standards

The UniProt model:  from data to knowledge
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• Exponential growth of data to annotate: 

• Increasing imbalance between 
labelled data (in red)  and 
data to annotate (in green) 

Challenges: data growth + data imbalance

Y = A + Be(C(t-1998))

A = 0.78 
B = 0.18 
C = 0.32

Labelled data

Stored data

Annotated data

Blending intelligent algorithms with 
Big Data technologies

Association-Rule-Based Annotator (ARBA)

• A multi-class predictor to annotate protein entries

• Theoretical paper: 
International Journal on Artificial Intelligence Tools (2014)

• Generates representative rules

• Extracts association rules (exhaustive knowledge)

• Filter them and build concise models 
(representative and concise knowledge)

• Provides techniques and structures to 
evaluate the prediction 

• Cross-validation, confusion matrix, 
ROC curve, experiment, visualisation

Cancer lifetime risk

50%

Cancer mortality

29%

Cancer is a genetic disease

TCAGCAGTGTGCCCTGTCACCTATGAAACGATAACAACAACGGTGTACTGATTCCACTCGAGGC
CGGAACAGCCACCGTAACGAGACCCAATCACGAAACCCTATTCACTCGTGAGCACCGCAGTCAA
GATGTAAGATTCAGGCGGATCATACTGATCAGTGGCAGAGTTATGCAAACCAGGACCCGTGGAT
CTCGGCGACTTACCAGGTAAATAAAATCGGCCTGTATTCGTTACCGTGCACGGTGTAAACCTTA
ATGCGACTGCTCAGTATTCTCCTCGGTCCTCCACCTTTTGCGACCAGATAGGCGGACAACACCC
AAGCACGCAACGTGCACAAGTTCAGATTGTGTTAATGGCATACTGTCGCCTGGAAAGCACTGAA
CCGGTATAACTGTCCTTCAACATACATTGACATTGATTCTCCCGTTGCTCCAGACTCATTATGA
TTTTATTAGGGCCAGCAGTAAGCAATTGCCGTCCTGGCGCAACTAGTGTCAATCATTCTGCACA
TTTTCGTAAACATTCGGGCCAGAGCCGTATAGACACGAAAGATCCACATGTCGTATGTTCTAGT
GTCTCGTCTCGGATACATACCGACCCGGTTCCACTGTACCATCTCATTGTGCCTGTTCGGGTTG
CACACTTTCAGCCAAATGGAAAGAGTCAACCTCCCTATGAGGCGTGAAAAGTGACCATATGCTA
GATTTTAGTCTAGATGTCCAAGGGAAACAGGCACCGGCGCGCTATCTACTTCACATTTTTGCCC
TGCCACCGCTACACCGAGCAATAACCATGGTGCATTCTATTCTTGAACCAGCTTGAAGTGACAT
GTTTGTAGACCAACTCCGATCGTGCTTGTCCTTGATTACCAGATTTCTTAATGCATGCCATTCG
CTGAACTTCCCCAATATTAGCAAACTCCGCTGCCTAGTACAATAAAGAGCCCAAACGGGTGAAG
TAAGTTCATAGCATCAGTGGGATAGCGCTGCTGGAACGGA

Structural abnormalities Point mutations
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Prevalence of 554 different 
cancer-causing mutations

Pan-Cancer Analysis of Whole Genomes

• 2,778 tumour types

• 39 cancer types

• 300 scientists

• 650 TB of data

• 3 mutation-calling pipelines

• 46,197,106 point mutations

• 288,416 structural variants

• 32 papers on bioRxiv.org

PCAWG Data Processing Lessons Learned

• Infrastructure fails

• Disk failures

• Network events

• Bioinformatics tools fail

• Bad data

• Software defects

• End user must be self-reliant in diagnosis 
and resolution of issues

• Manual investigation and resolution of failure 
is a major contributor to project costs 
and timeline slip

PCAWG Pipelines vs. Butler Big data (multi-omics) association genetics: 
statistical challenges and opportunities

Variants=106

Samples
N=105

Phenotypes
G=10..105

• Challenge:  large-scale multiple testing problem
• need to consider potentially millions 

of loci
• account for confounding

• need appropriate corrections 
(e.g. false discovery rate)

• scalability to large cohorts

• Opportunity:  large datasets allow testing of modelling 
assumptions/fit better models

• inference of confounding structures

• not possible before large-scale 
hypothesis testing/large datasets

• more power from large datasets

• modelling rich and high-dimensional 
molecular phenotypes
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Scalable linear mixed models to account for 
known and unknown confounding factors

Scalable multi-phenotype methods 

Accelerated, exact

Accelerated, approximate

UK Biobank

Growing phenotype space: 
multi-omics matrix factorisation
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