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European Molecular Biology Laboratory - EMBL

Europe’s centre
of excellence in life 
sciences research, 
services and training

Founded in 1974 by 10 states 
as an intergovernmental 
organisation to promote the 
molecular life sciences in Europe 
and beyond First Director General 

Sir John Kendrew 
Nobel Prize in 1962

"I believe that international activity is 
very important in building world peace." 
Sir John Kendrew, EMBL’s 1st DG



EMBL member states in 2022

Member states (27)

Austria 1974
Denmark 1974
France 1974
Germany 1974
Israel 1974
Italy 1974
Netherlands 1974
Sweden 1974
Switzerland 1974
United Kingdom 1974
Finland 1984
Greece 1984
Norway 1985
Spain 1986

Belgium 1990
Portugal 1998
Ireland 2003
Iceland 2005
Croatia 2006
Luxembourg 2007
Czech Republic 2014
Malta 2016
Hungary 2017
Slovakia 2018
Montenegro 2018
Lithuania 2019
Poland 2019

Associate 
member states

Australia 2008

Prospect 
member states

Estonia 
Latvia



Six sites with almost 1900 people and >90 nationalities

EMBL-EBI

Bioinformatics

Grenoble

Structural 
biology

Barcelona
Tissue biology 
and disease 

modelling

Hamburg

Structural 
biology

Heidelberg

Life sciences

Rome
Epigenetics 

and neurobiology



Wellcome Genome Campus in Hinxton, near Cambridge, UK



What is EMBL-EBI?

• World leading source of public biomolecular 
data

• Cutting edge research in bioinformatics and 
computational biology

• Part of the European Molecular Biology 
Laboratory (EMBL), Europe’s flagship 
laboratory for the life sciences. 



Bioinformatics is interdisciplinary field that develops 
methods and software tools for understanding biological 

data (Wikipedia 2022)

Data science in biology
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Bioinformatics: from fringe to mainstream 
science 

First mention of “bioinformatics”. 
Cold Spring Harb Symp Quant 
Biol. 1958;23:327-35.

R Bach, Y Iwasaki, P Friedland, Intelligent computational 
assistance for experiment design, Nucleic Acids Res. 1984
Abstract. We have developed an automated system for the 
design of laboratory experiments in molecular biology. …

Sputnink
1957

Moon-landing
1968

EMBL
1974

EMBL-EBI
1994

PCR
1983

Dot-com crash RNA vaccines

A computer wins Nobel Prize 
for developing a new drug

φX174 
sequenced

According to 
Wikipedia

Nr. of 
publications 
including term 
"bioinformatics" 
in Pubmed



Central dogma of molecular biology and OMICs

• OMICs:

• Genomics  

• Transcriptomics 

• Proteomics

DNA 
(genome)

RNA 
(transcriptome)

Proteins 
(proteome)

gene 1 gene 3gene 2

...gatgatgatgatgatgatgatgatgatgatgatgaggacaactctctttttccaacaagagagccaagaagccatttttttccatttgatctgtttccaatg... 



Human Genome project was an epic 
• 1990 – 2003 about 85% of the 3 billion letters of human genome sequenced 
• The first ”gapless” human genome sequence was achieved only in 2022

• HGP budget over the 13 years was $ 3 billion, though the actual sequencing costs 
were considerably less 

• Some lessons from HGP
• There are 20,000 protein coding genes and some other genes (most shared with other 

mammals)

• Less than 2% of the human genome codes for proteins (other parts are interesting too)

• Over a half of human genome consist of repeated sequences of different length 
apparently not having any function (junk genome)

• Sequencing one human genome in 2022 is < $1000

• Genomes of two unrelated individuals differ in 1 ”letter” per 3000 on average 



Ensembl Genome 
Browser
at EBI

www.ensemble.org



Personalized genomics - assembling a new genome vs. 
mapping sequencing “reads” to a reference genome 

• The output of a DNA sequencing machine is a set of many ~100 letter long 
sequences that jointly cover (most of the genome) 10 to 50 times on average 
• Current sequencing technologies output pairs of such ~100 letter sequences with 

approximately known distance between them 

• Once we have one – reference – genome, to get another we can “map” these 
“reads” onto the reference to obtain the new one

• Mismatches of letters in the “read” can be genome variation or errors  

• If we can ”trust” the reference? Many references for different populations

~100 ~100
200 - 800

The “insert” may help to deal 
with repeated sequences in 
the genome

...gatg... ...atga...

insertread read



Personal genomics: what do genomes tell us? 

How and why 
do we differ 

from one 
another?

What causes 
susceptibility 
to disease?

What do we 
have 

common with 
other 

animals?

What makes 
some people 

more sensitive 
to drugs?

How 
important are 

lifestyle 
choices?



“Kate Palmer and Simon Wright were in despair. Their four-year-old daughter 
Jessica was suffering from epilepsy, poorly co-ordinated movement and slow 
mental development, but doctors had been unable to pinpoint the rare disorder 
causing these problems.” 

Rare 
diseases



• Jessica was enrolled in the UK 100,000 genome project

• By analysing Jessica’s genome, a mutation in a gene called 
SLC2A1 was found starving her brain of the sugar 

• This condition is extremely rare, but there is a treatment in 
the form of a diet that enables the brain to maximise
glucose production

• After a month on the new diet, Jessica’s parents “noticed a 
big increase in her speech, energy levels and general 
steadiness”



Sharing personal genome data

• While reference are an average of many genomes, individual genomes are unique 
and can be linked to person and other information

• Implication to privacy, health insurance, etc

• Pseudonymisation (or even anonymization) is not sufficient to be sure that one’s 
genome identity is not revealed – linking to health records, etc

• Consent and law

• Controlled access by bone-fide researchers 

• In many countries personal genome data are not allowed to leave the country by 
law

• Solutions: federation of data, common standards, cloud computing 



Know your genome

• Figuring out which regions are involved in disease –
and what they do – is a major challenge.



European Genome-Phenome Archive 

• Resource for permanent 
secure archiving and sharing 
of all types of potentially 
identifiable human genetic 
and phenotypic data

• Distributed data access 
model

• Access to bona-fide 
researchers controlled by 
Data Access Committees 



Federated European Genome-phenome Archive (FEGA) 

Federated EGA node

Central EGA node>20 countries / national 
initiatives and counting!



Beyond 1 Million Genomes Project B1MG



Data generated for research project vs. data generated as a 
part of healthcare 

Cohort of Patients

Iceland; Denmark; Faroe; Finland;
Dundee; UK BioBank; (others)

Healthcare genomics 
data and electronic 
health records

Feedback to patients
Actionable variants

Research data:
Disease Associations
Molecular biology
resource



The Global Alliance for Genomics and Health (GA4GH) is an 
international, nonprofit alliance formed in 2013 to accelerate the 
potential of research and medicine to advance human health. 
Bringing together 600+ leading organizations working in healthcare, 
research, patient advocacy, life science, and information 
technology, the GA4GH community is working together to create 
frameworks and standards to enable the responsible, voluntary, 
and secure sharing of genomic and health-related data.

https://www.ga4gh.org/



Not only humans 

To sequence a 1.5 million known eukaryotic species in 10 years



100-fold 
increase in 
10 years

2-fold  increase 
every 2 years 
(Moore’s law)



Cancer Genomics 

• Cancer is a genome disease 

• Human has ~1013 cells, many growing and dividing, there are 2-3 mutations per 
every cell division 

• As important genes, such as DNA-repair genes, get mutated, more mutations 
accumulate, and genomes get increasingly changed

• Roughly 300 cancer genes are known, mutation in which can lead to cancer

• Some cells escape control and start proliferate – tumors 

• Some go on to migrate – metastasis 



The International Cancer Genome Consortium (ICGC) was launched to 
coordinate large-scale cancer genome studies in tumours from 50 
different cancer types and/or subtypes that are of clinical and societal 
importance across the globe. Systematic studies of more than 25,000 
cancer genomes at the genomic, epigenomic and transcriptomic levels 
will reveal the repertoire of oncogenic mutations, uncover traces of the 
mutagenic influences, define clinically relevant subtypes for prognosis 
and therapeutic management, and enable the development of new 
cancer therapies



Pan-Cancer Analysis of Whole Genomes of ICGC completed 2020 



Cancer Genomics 

• Cancer genomics is complicated
• Because of clonality there is not longer one genome 

• To find what is changed in cancer cells we compare normal genome (e.g., from blood 
cells) to tumor genomes – personalized genome becomes the rererence



Cancer related genome rearrangements cause 
genes to fuse creating ”cancer genes” 

• Hybrid genes formed from two previously separate genes as a
result from of genomic rearrangements, read-through
transcription and trans-splicing.

§ Fusion genes are tumor-specific and therefore important targets for therapy.

Figure adapted from Edgren et al, Genome Biol. 2011

Fusion gene X -> Y



Central dogma of molecular biology - transcriptomics

• Human genome  

• Transcriptome

• different genes are expressed in different 
cells under different conditions (disease vs 
normal)

• RNA abundance levels can be assessed by 
sequencing (RNA-seq)

• There is at least 1000-fold dynamic range

• Proteome – there is no straight-forward 

DNA 
(genome)

RNA 
(transcriptome)

Proteins 
(proteome)

gene 1 gene 3gene 2

...gatgatgatgatgatgatgatgatgatgatgatgaggacaactctctttttccaacaagagagccaagaagccatttttttccatttgatctgtttccaatg... 







Tissues consists of cells of different types

It is often said that human has ~200 different cell types



Human body contains >1013 cells of 200 different types



From looking at gene expression in tissues to individual cells

Single-cell genomics



Single Cell 
RNA 
sequencing 





Single Cell Expression Atlas 

Gene expression

Acinar cells

REG1B expression in human pancreas

TSN plots (non-liner PCR)



Human body contains >1013 cells of 200 different types



What is a cell type?

• A cell type is a classification traditionally used to distinguish 
between morphologically or phenotypically distinct cell forms within 
a species

• Nowadays cell types are typically defined through sets of genes 
specifically expressed there, called marker genes 

• Both definitions are only proxies and there is no generally agreed 
definition of this concept



Marker genes for immune cells



Automated approaches using known marker genes

Clustering

Look for marker genes 
in each cluster

Merge clusters of 
same type

These methods do not allow for discovering new cell “types” of states



We wanted to automate the cell type identification process in 
a way that allows for discovery of new cell “types” as well as 
new marker genes automatically 

• Problem of finding the cell clusters corresponding to biologically meaningful cell 
groups (cell “types”)

• Building gene expression “models” for each group – which are the genes that 
are differentially expressed for the group? 

• Single Cell Clustering Assessment Framework - SCCAF



Normalise 
and 
discretise

cells

ge
ne

s

Machine 
learning

Split

Forget 
the 
clusters

Test

Compare

Cluster confusion matrix
Self-projection accuracy

c1
c2
c3
c4

c1
c2
c3
c4

c1'

c3
c4

Cluster connection graph

Step 1 – computing the 
confusion matrix
Step 2 – compute the cluster 
connection graph and merge 
the clusters

Iterate Step 1 and Step 2 
while self-projection accuracy 
is increasing
Can be viewed as a type of 
hierarchical clustering

Cluster

c1 c2 c3 c4

scRNA-
seq
data

SCCAF produces a model for each 
cluster discriminating it from the rest of 
the training data (e.g., a weighted list of 
genes)

c1' c3 c4

Miao et al, Nature Methods, 2020

SCCAF in a nutshell:

10



Comparison with expert annotation of the mouse retina dataset  
from Shekhar et al. 2016

Adjusted Rand index >0.99.
11



Annotating human brain data based on model trained on 
mouse (Allen Brain Atlas) 

Allen Cell Types Database

SCCAF has been implemented in the Expression Atlas Galaxy pipeline 

13

http://paperpile.com/b/itrd1q/CcSRR


The Human Cell Atlas (HCA) is a global partnership of scientists 
who are actively working to create an exhaustive guidebook of 
the types and properties of all human cells. 



Anatomograms



Central dogma of molecular biology

• Human genome  

• Transcriptome 

• Proteome 

• Protein abundance is what really matters but 
it is difficult to assess

• The dynamic range is in 1,000,000s

• There is no straight-forward correlation 
between RNA and protein abundances

• Can we predict the proteome 
computationally? 

DNA 
(genome)

RNA 
(transcriptome)

Proteins 
(proteome)

gene 1 gene 3gene 2

...gatgatgatgatgatgatgatgatgatgatgatgaggacaactctctttttccaacaagagagccaagaagccatttttttccatttgatctgtttccaatg... 



Proteomics data comes from PRIDE



What can we say about protein expression from RNA?

Correlation between RNA and protein abundances are not all that high 
but can we predict protein abundances from RNA abundances? 
Moreover, can we predict proteins that are difficult to measure diretly? 





But what about predicting protein expression from RNA and 
other data?

Barzine et al, Proteomics, Nov 2020 



Deep learning allows to make good predictions



Conclusions 

• Biology is increasingly becoming a data science (like in most human activities, 
there is a shift from material processing to data processing)

• Biological and health data are growing faster than Moore’s law creating 
challenges and opportunities for computer and data scientists

• Growing importance of AI and ML to biological data analysis 

• Personalized genomics is having an impact on healthcare now


