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How it all started



Gibbs motif finding

• Initialization

o Sequences

o Random motif matrix

• Iteration

o Sequence scoring

o Alignment update

o Motif instances

o Motif matrix

• Termination

o Convergence of the alignment 
and of the motif matrix



How it all started











Disease gene discovery 
in rare congenital disorders
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Patients with congenital
& acquired disorders

Discover new disease 
causing genes and 
explain their function

Prioritized candidate genes Validation

Databasing

Location of chromosomal 
imbalances

CGH microarrays
NGS sequencing Statistical analysis

• Map chromosomal

abnormalities
• Improved diagnosis





Candidate gene prioritization
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High-throughput
genomics

Data analysis Candidate genes

Array CGH – CNVs
Exome seq.

GWAS – SNPs
Expression

Information sources

Candidate prioritization

Validation



Data fusion with order statistics

Aerts et al. Nature Biotech. 2006

Endeavour



Kernel data fusion

Kernel 
functions
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Data source
(multiple DBs,
multiple organisms)

Formatted
data

Kernel
matrix

Kernel
combination

Prioritization

Clustering

Classification

Contextua-
lization





Patient #1, Leuven, BE
6 de novo mutations
Chr 11, ~66Mb: PACS1?

T
TAC AAG AAT CGG ACC ATC
Tyr.Lys.Asn.Trp.Thr.Ile

Arg

Patient #2, Nijmegen, NL
7 de novo mutationstions
Chr 11, ~66Mb: PACS1!

T
TAC AAG AAT CGG ACC ATC
Tyr.Lys.Asn.Trp.Thr.Ile

Arg

Federated analytics
1,000,000 genomes



Federated analytics



Federated machine learning
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Liquid biopsies

• Cell-free genomic DNA can 
be shed into the blood 
stream or other bodily fluids 
for different reasons and via 
different pathways.

• Cell-free genomic DNA can 
provide a non-invasive way 
of detecting genomic 
imbalances within the body.



Circular fingerprints

each fingerprint 
represents a central 
atom and its neighbors

for each molecule, there are as 
many fingerprints as (heavy) atoms 
in the molecule

bitstrings representing 
presence or absence of 
particular substructures

Path/key-based fingerprints
FP2 & MACCS

for each molecule, 
there is only one 
fingerprint

MNA & MPD

Machine learning for drug discovery



Bayesian matrix factorization 

IC50

Comp.

Latent
U

Protein

Latent 
V

Fingerprints

βcomp



Private 
for
Partner 1

Shared

Privacy-preserving machine learning

Y1

U

V1
T

X
ECFP 

features

β

Broker

Private 
for
Partner 2

Y2

V2
T

Private 
for
Partner 3

Y3

V3
T

Initialization
Broker receives X 
from each partner 
and aligns them

Iteration
1. Partners privately 

update V
2. Partners send 

contributions for 
U to broker

3. Broker computes 
and shares U

4. Broker updates β



Federated analytics of real-world clinical data

Over 80 countries are participating in this 
initiative

A large number of partners were involved



Put up in a place

where it is easy to see

the cryptic admonishment

T.T.T.

When you feel how depressingly

slowly you climb

it's well to remember that

Things Take Time.

— Piet Hein



Thank you to so many people!


