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Research

Statistics/ML

Bayesian statistics ® Evidence synthe-
sis @ Gaussian processes ® Bayesian
nonparametrics ¢ MCMC e Varia-
tional inference e Time series ® Active
learning e Deep learning e Network
inference e Graphical models e Dy-
namical Systems

Biology/Medicine

Neural decoding e Nerve stimulation e
Gene regulation e Protein structure e
Stem cells e Single cells @ Biomarkers
e Intensive care data

Computer science
Combinatorial optimisation e Algorith-
mic geometry e Graph theory

Education

Professional Accreditation of
Teaching in Higher Education
2002 — University of London

PhD in Mathematics

1990-1994 — Freie Universitat Berlin
Dominance order on point sets and
aligned rectangles

BSc/MSc in Mathematics
1983-1989 — Universitat Wien
Dimensions of posets and comparabil-
ity graphs

Skills

Leadership

O 18 years experience in leading research groups

O 7 years experience as a MSc course (Bioinformatics) director

0 12 years leading a Medical Research Council programme of research

Research

O Broad range of expertise in mathematical, computational, and statis-
tical modelling, theoretical as well as applied

o Applications in neural signal decoding, structural biology, gene expres-
sion/regulation, genomics, health care

o Contributions to conceptual advances in Bayesian statistics

O 30+ years experience in algorithm and software development and im-
plementation in a variety of frameworks (Bugs, Stan, Cuda, Tensorflow,
Pytorch) and languages (Assembler, C++, Java, R, Python)

Teaching

O 254 years experience in teaching mathematics, statistics, bioinformat-
ics, computing

o For 7 years principal lecturer on an MSc course in Bioinformatics, Birk-
beck College, London, also contributing to the MPhil Computational
Biology course at Cambridge University

O Supervision of 12 successful PhD students and numerous MSc students

Management

o Grant management as principal investigator

o Collaborative research projects with biologists, medical researchers
and clinicians

Experience

Senior machine learning researcher
since 4/2019 — BIOS Health Ltd — Cambridge
Analysis of peripheral nerve signals, optimization of nerve stimulation

Programme leader, statistical genomics
4/2007-3/2019 — Medical Research Council, Biostatistics — Cambridge
Programme on computational biology and statistical genomics

Lecturer/Reader/Professor in Computational Biology
10/1999-3/2007 — Birkbeck College — University of London
Research programmes on protein structure analysis, microarray analysis,
gene regulation and network inference

Research scientist

10/1996-9/1999 — European Bioinformatics Institute — Hinxton
Algorithms and software for the analysis of protein structure interfaces
and optimisation of peptide binding

Research assistant/postdoctoral fellow

5/1990-9/1996 — Department of mathematics, Freie Universitat Berlin
Algorithmic geometry and discrete optimisation problems, teaching on
undergraduate computer science courses


https://www.linkedin.com/in/lwernisch
https://lwernisch.github.io
https://scholar.google.com/citations?user=1Ed4ZMYAAAAJ

Selected research themes

Decoding and optimizing nerve signalling

At BIOS Health we focus on neural signalling in the vagus
nerve. Systematic bioelectronic stimulation of the vagus
nerve can have drastic physiological effects. Careful mod-
elling of the response by Gaussian processes and Bayesian
optimization enables us to hone in on a desired effect
quickly and efficiently Wernisch et al., 2024, (pdf, also
this talk at Bayes4Health2021). The complex relationship
between various nerve fibre stimulations and physiological
effects is explored in Berthon et al., 2023. Decoding
signals in whole nerve recordings is a challenging task
which we approach with a variety of statistical and ML
methods.

Evidence synthesis

While at the BSU, we proposed a principled framework
to merge separate Bayesian models, each tailored to a
specific data set, into one model through common pa-
rameters (Goudie et al., 2018). A key requirement is
the ability to estimate densities. We are exploring the
potential of deep learning approaches, such as normal-
ising flows, to provide detailed density estimates even
for sparse data in high dimensions and the integration
of such estimations into Monte Carlo sampling from or
variational optimisation of Bayesian models.

Design of experiments using active learning
Controlled differentiation of stem cells is driven by careful
administration of stimulating factors to cell cultures. The
exact amount and timing of such stimulation is largely a
matter of trial and error. We propose an active learning
framework implemented in Tensorflow to optimise such
dynamic experiments. Since, unlike the typical situation
for many tasks in reinforcement learning, the number
of possible experiments is extremely limited, modelling
of the dynamics through Gaussian process state space
models (instead of a vanilla neural networks) is crucial.
In simulations of realistic systems we achieve remarkable
optimisation results with only a limited number of experi-
ments (see this talk at Costnet18). Some earlier work on
active learning for gene networks is described in Pournara
and Wernisch, 2004.

Prediction in intensive care

With the increasing availability of health care data, in-
cluding measurements of biomarkers, there is growing
interest in the prediction and the understanding of ad-
verse events such as a secondary infection of patients in
intensive care. Modeling of trajectories as well as the
dynamics through Gaussian processes is a promising route
we apply to the prediction of secondary infections as well
as the long-term effect of traumatic brain injury. A key

step is the understanding of the causal relationship of
components of the immune response. Details can be
found in a tutorial on ML for ICU data.

Nonparametric approaches to single cell data

Transcriptomics data from single cells pose a unique chal-
lenge in that, although measurements from thousands
of samples are available knowledge of their temporal or-
dering is typically very limited. In a series of studies
(StrauB et al., 2018, Gabasova et al., 2017, Reid and
Wernisch, 2016, Penfold et al., 2018) we derive pseudo-
time orderings and clusterings using Gaussian processes
and Dirichlet process priors. We explored how far such re-
constructed gene expression trajectories can be exploited
for network inference (some examples given in a talk
on single cell analysis). We have also expanded the ap-
proach of Gabasova et al., 2017, to a generic framework
for clustering using hierarchical Dirichlet distributions.

For a full list of publications see Google Scholar, for a
list with links see Iwernisch.github.io/publications

Selected invited talks

Bayesian optimization of protocols for neurostimulation,
Bayes4Health 2021, Bayesian Data Science for Health
Research, Cambridge, 2021

Improving protocols for cell differentiation through rein-
forcement learning, Workshop Statistical Network Sci-
ence, Brunel University, 2018

Improving protocols for cell differentiation through rein-
forcement learning, Costnet2018, Warsaw, 2018

Gene regulatory networks from single cell data,
SMPGD2017, Statistical Methods for Postgenomic Data,
Imperial College, 2017
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