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“Thank you for
being a part of it!”

Reading this last X-Letter, you will see that
SystemsX.ch has experienced many high-
lights, big and small, over the past 10 years.
One of the overarching achievements is
surely the long-term anchoring of the sys-
tems approach in Swiss life science re-
search. This has helped transform biology
into a quantitative science, with which we
can make predictions about the behavior
of complex biological systems.

One of the most recent high points was
the SystemsX.ch documentary film, “The
Human Body,” which succeeded in giving
the public an insight into this type of inter-
disciplinary research. Further highlights are
set out in this X-Letter, for example in the
interview with René Imhof and the personal
statements from some of the involved sci-
entists, who describe the initiative’s impact
from their personal point of view.

As part of the comprehensive evaluation of
SystemsX.ch’s impact, we commissioned a
bibliometric analysis, carried out by Leiden
University (Netherlands). The link to their
report is shown on page 23.

We would like to thank all those who made
SystemsX.ch possible. First and foremost,
the State Secretariat for Education, Re-
search and Innovation and the Swiss Na-
tional Science Foundation (SNSF). Without
the support of the SNSF, which provided

Editorial

indispensable expertise in the project se-
lection process as well as the scientific and
financial reporting, SystemsX.ch would not
exist in the form it takes today.

Our thanks also go out to our international
partners, who enabled collaboration be-
tween international and Swiss research
groups to flourish, thus broadening the
SystemsX.ch network. For example, the
German Federal Ministry of Education and
Research, which contributed the funds for
the German groups within SystemsX.ch
consortia with minimal bureaucracy.

Special thanks are also due to the mem-
bers of the SystemsX.ch boards. In partic-
ular, we would like to thank the chairmen
of the Board of Directors, Ralph Eichler
and Detlef Glnther, as well as the chair-
men of the Scientific Executive Board,
Ruedi Aebersold and Lucas Pelkmans.

And last but not least, we would like to
thank our collaborators at the 15 partner
institutions, particularly all of the research-
ers involved, who, over the past 10 years,
have made the Swiss Initiative in Systems
Biology what it was: a great adventure with
many highlights. Thank you for being a part
of itl

Daniel Vonder Muhll,
SystemsX.ch Managing Director 2007-2017
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An insight into the technological developments within the SystemsX.ch initiative

Technological innovation drives creative

scientific breakthroughs

Progress in systems biology often goes hand in hand with novel technological achievements. This is why
SystemsX.ch has supported projects that incorporate the development of new technologies from the outset.
Since then, a number of high-impact innovations have emerged from within the SystemsX.ch community.

Novel technologies and approaches are of vital importance for new
discoveries in the field of systems biology. The ability to analyze a
single cell, and to characterize not only its genes but also its pro-
teins and lipids, is increasingly crucial for research projects in the
life sciences. The new technologies developed by SystemsX.ch
researchers, from omics to novel devices, push the boundaries of
biological research, allowing unprecedented insight into the inner
workings of single cells, tissues and organs. New imaging tech-
niques allow researchers to look at the tiniest constituents of life
from a new perspective, and algorithms help perform quantitative
analyses much faster than ever before. Here we describe some
of the most groundbreaking innovations to have emerged from
SystemsX.ch-funded research.

Quantitative omics analysis for cancer research

A spectacular example of technological innovation is the PCT-
SWATH mass spectrometry technology which was developed by

4 X-Letter 35 | March 2018

Ruedi Aebersold’s group at ETH Zurich as part of the RTD Project
PhosphoNetX. This new omics method for quantitative analysis of
biological samples was subsequently employed in the follow-up
project PhosphoNet PPM, which focused on developing better
prediction strategies for prostate cancer. The method measures
the precise levels of several thousand proteins in very small can-
cer biopsies. The resulting proteomic maps can be analyzed, re-
analyzed and compared in order to identify proteins of interest and
accurately quantify them across multiple samples.

The highly innovative PCT-SWATH technology forms the core
of the International Centre for the Proteome of Human Cancer
(ProCan) in Sydney, Australia, which opened in 2016. The analysis
of about 70,000 samples of different types of cancer at the facil-
ity will enable doctors to pinpoint the best currently available treat-
ment to fit a patient’s individual diagnosis, avoiding the adminis-
tration of invasive treatments that are unlikely to effectively treat
the disease.



From proteomic maps to single cells

Another pioneering omics approach to have emerged from the
PhosphoNet PPM project was developed by Bernd Bodenmiller’s
group at the University of Zurich. The CyTOF mass cytometry im-
aging technology has significantly advanced the field of spatial
proteomics. This technology enables the large-scale study of pro-
teins directly in tissues, with subcellular resolution. With the latest
developments of the technology, the quantities of over 100 types
of molecules can be measured simultaneously in a single cell. In
combination with computational methods developed by Manfred
Claassen’s group at ETH Zurich, this method is currently being
used to elucidate the cellular characteristics and mechanisms in-
fluencing cancer development.

With mounting evidence of the importance of single-cell analy-
sis for understanding complex biological systems, the CyTOF tech-
nology is not the only new development to address the need
to look more closely at individual cells. The groundbreaking
Single-Cell Visual Proteomics analysis technique was developed
in Thomas Braun’s team as part of the CINA RTD Project, led by
Henning Stahlberg at the University of Basel. This patented method
gently breaks up a cell membrane in a matter of seconds and
sends the unharmed cell components to be analyzed by a series
of modules that can filter certain proteins out of the cell’s cytosol
or prepare the entire cytosol for visualization. In the latter case, the
entire contents of a single, hand-picked cell are deposited on an

/ Katy Pegg and Marc Mouci

electron microscopy grid and subsequently imaged by the world’s
most advanced cryogenic transmission electron microscope. With
the aid of this state-of-the-art technology, scientists can study dis-
ease processes or test the efficacy of drugs at the single-cell level.

Life in high resolution

The Single-Cell Visual Proteomics technology is just one of the in-
novations developed by the CINA team. Another is the imaging
platform set up for the visualization and manipulation of single
cells and their constituents at nanoresolutions. Different types of
optical and electron microscopes were combined to enable the
high-resolution characterization of the 2D or 3D structures of bio-
logical samples.

For Kyle M. Douglass, a former Transition Postdoc Fellow at
EPF Lausanne, high-resolution microscopy was just the starting
point. He managed to resolve the issue of the highly constrained
field of view in single-molecule microscopy techniques, going on
to develop a super-resolution microscopy technique. With this
newly-developed method, called Flat lllumination for Field-Inde-
pendent imaging (FIFI), researchers are now able to image multi-
ple cells at once at a remarkable single-molecule resolution.
Several labs at EPFL have started using this high-throughput,
super-resolution microscopy method, allowing them to answer
questions in structural and systems biology that could not be at-
tempted before.
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Mitochondrial membrane protein TOM20, labeled and imaged with a super-resolution microscopy technique that is capable of imaging single fluorescent
molecules. Image: © Kyle M. Douglass
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The range of developments that resulted from the RTD Projects
Plant Growth 1 and 2, led by Cris Kuhlemeier from the University
of Bern, also includes new microscopy techniques. One of the
new methods, called Cellular Force Microscopy (CFM), was devel-
oped as a collaboration between the Nelson, Kuhlemeier, Gross-
niklaus and Smith labs. This is a micro-indentation technique that
measures cell stiffness by applying a small probe connected to a
force sensor. The recorded force and displacement of the sensor
are used to determine a sample’s stiffness; the higher the force re-
quired to indent to the same depth, the stiffer a sample is. In plant
cells, the stiffness measured in this way reflects both the turgor
pressure and cell wall elasticity — both essential characteristics for
understanding cell wall mechanics. The main advantage of CFM
is its wide measurement range. The system is also highly flexible
and can be used in combination with optical microscopes.

projects do not involve any new hardware, instead comprising
computational support for systems biology research. Also as
part of the Plant Growth project, in collaboration with four other
SystemsX.ch projects, the MorphoGraphX software is an open-
source application for the visualization and analysis of 4D biolog-
ical datasets (three spatial dimensions plus time). The application
was developed by Richard Smith and collaborators and is avail-
able at www.morphographx.org. Labs around the globe use it to
quantify cellular parameters and reconstruct 3D structures from
sets of images obtained at different depths.

A further example is the website metanetx.org, which was de-
veloped as part of the MetaNetX RTD Project, led by Jérg Stelling
(D-BSSE, ETH Zurich), and is aimed at understanding metabo-
lism. It is a user-friendly portal for accessing, analyzing and ma-
nipulating genome-scale metabolic networks and biochemical

A mature embryo of Arabidopsis thaliana, segmented into cells with MorphoGraphX. Image: George Bassel

In a further technological breakthrough, Sarah Robinson and
the Plant Growth team recently published details of a new open-
source device that can be used to track mechanical properties of
plant cells in 3D. This new method, called the Automated Confo-
cal Micro-Extensometer (ACME), improves on earlier techniques
by going beyond quantifying cell wall properties. It can infer the
mechanical characteristics of samples at the cellular level based
on changes undergone by the tissue during the application of a
known force or deformation. This technology will help uncover the
mechanisms behind cellular expansion and morphology in differ-
ent plants and tissues.

Computational tools for the wider research community
Needless to say, all of these new technological instruments go
hand in hand with the creation of new computational tools, be
it algorithms, computer models or databases. But some of the
most valuable developments to have emerged from SystemsX.ch

pathways. Researchers worldwide have open access to this plat-
form and can use it to develop high-quality models of cellular met-
abolic processes within hours. This is interesting for research in
several areas, including microbial and human metabolism, where
understanding interactions by modelling the metabolic processes
could make it easier to control the human microbiome.

Alasting impact

The technological developments presented here are just a hand-
ful of the many that have arisen from SystemsX.ch projects over
the past 10 years. They span a wide range of applications, tech-
nologies and biological scales, but they all have one thing in com-
mon: they are widening the horizon of systems biology research,
making it possible for scientists to look at life as it has never been
seen before. And although SystemsX.ch is coming to an end,
these technologies and their progeny will continue to drive discov-
eries in systems biology research for years to come.
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René Imhof appraises SystemsX.ch from an expert viewpoint

SystemsX.ch leaves its mark

Hardly anyone knows SystemsX.ch better than René Imhof. The former Director of Research at Roche has
accompanied the initiative from its beginnings as a project idea right through to this year’s impact analysis.
While Imhof is extremely satisfied with the scientific outcomes of the initiative, he also identifies certain
weaknesses from which future research initiatives can profit and learn.

René Imhof, when did you first come into contact with
SystemsX.ch?

In 2002, | belonged to a small group of experts consisting of the
Vice Director of Research at the University of Basel, the President
of ETH Zurich and the Rector of the University of Zurich. Our task
was to evaluate how Switzerland could be given new impetus as
a globally competitive center for research and education. This is-
sue was raised by the then Secretary of State for Education,
Research and Innovation. We identified the potential of systems
biology as a pioneering discipline and recommended that it be
specifically promoted in Switzerland.

What influence has the initiative had on the Swiss research
landscape?

SystemsX.ch has fundamentally changed our approach to biolog-
ical research. Classical molecular biology, with its focus on indi-
vidual molecules, has been expanded into the systems domain.
The focus is now on biological networks in order to understand
the interplay between different molecular components.
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Additionally, scientists from various disciplines now work to-
gether in a goal-oriented manner. Only in this way can we address
new scientific problems that require technological progress and
interdisciplinary collaboration.

What were your greatest highlights of the initiative?
I would like to mention just three of the many highlights here. One
is certainly the sheer number of scientific publications. From the
roughly 250 SystemsX.ch projects, more than 1,700 articles have
already emerged that fulfill the strict selection criteria of the most
prestigious journals including Nature, Science and Cell. The fre-
quency of citations is on average twice as high —and for some re-
search groups even four times as high — as the world average.
Such an impressive outcome leaves me as a researcher awe-
struck. This is a great indicator of the initiative’s scientific brilliance.
Secondly, SystemsX.ch played an important part in boosting
innovation in Switzerland. The initiative has served as a catalyst
for business ideas and startups. So far seven startups have
emerged from SystemsX.ch research projects.



And the third highlight?

This is on one hand the constructive, efficient cooperation be-
tween the management, evaluation and coordination committees
such as the Board of Directors, Scientific Executive Board, Swiss
National Science Foundation and the Management Office. On the
other hand, the initiative was given coherent federal support, spe-
cifically when it came to funding. The federal government, along
with the cantonal universities and research institutions involved,
provided over 400 million Swiss francs to fund the initiative. With-
out such extensive cooperation across all levels, SystemsX.ch
would never have been so successful.

Can this Switzerland-wide team spirit also be felt at

the level of the research community?

Definitely. Not only have we seen an increase in collaboration
across the most diverse disciplines, but around half of the
43 large-scale projects also involved increased cooperation be-
tween the French- and German-speaking regions of Switzerland.
Today many of the networks and collaborations even extend be-
yond national boundaries.

Does this mean that Swiss systems biology now has a lead
role on the international stage?

Absolutely. Let me illustrate this in two ways. Firstly, SystemsX.ch
publications have been cited more than 800 times by both Har-
vard University and the Max Planck Society. An extremely high
citation frequency can also be observed at other world-renowned
institutions. Secondly, the European Research Council has now
awarded more than 70 long-term project grants to former or cur-
rent SystemsX.ch project leaders. These are both clear indications
that the scientific excellence of SystemsX.ch is world-class.

We’ve now heard a lot about the initiative’s successes.
Which of its aspects are you critical of?

The ambitious goal of recreating biological processes in simula-
tions with the help of quantitative data could not be implemented
at the high level that was hoped. However, this does not surprise
me very much, since complex biological systems require huge da-
tasets on different hierarchical levels. This is also a problem in the
field of meteorology, for example, where complex forecasting
models very soon reach their limits.

Are there other aspects you feel were not as successful
as hoped?
When it comes to interdisciplinary collaboration, | feel that the
fields of chemistry and medicine didn’t participate as actively as
they could have. With few exceptions chemistry seems to me to
remain too attached to classical molecular biology. And the med-
ical sector was only brought on board relatively late, in 2015, with
the launch of the Medical Research and Development Projects.
Furthermore, the private sector was somewhat reluctant to
commit wholeheartedly to systems biology research collabora-
tion. Nevertheless, there have been several partnerships with

¥ 4

Matthias Scholer

industry that have produced very promising results and techno-
logical innovations.

Let’s look towards the future. Do you think SystemsX.ch
has managed to establish systems biology in Switzerland
for the long term?

SystemsX.ch will not leave any Potemkin villages behind. Of that
| am convinced. Thanks to this initiative more than 60 new re-
search groups have sprung up across the country. 12 of the 15
cooperating institutions have set up new departments, research
units or competence centers in the field of systems biology. One
notable example is the foundation of ETH Zurich’s Department of
Biosystems Science and Engineering (D-BSSE) in Basel, in which
both half-cantons invested substantially.

Also, the need for highly professional IT support for systems
biology research was recognized very early on. Four competence
centers in addition to the SIB Swiss Institute of Bioinformatics have
been set up for this purpose. Across Switzerland nine PhD and just
as many Master’s programs with a focus on systems biology have
been integrated into university curricula. And last but not least,
more than 1,000 postdocs and PhD students have been trained
within the SystemsX.ch projects themselves. This is why | am not
in the slightest bit worried about the sustainability question.

Could this infrastructure also be used for further
development in other fields of research?

Yes, as a matter of fact, the foundations built for systems biology
research could help in the establishment of other initiatives. These
might include areas from systems physiology and pathophysiol-
ogy to systems health and medicine.

So, has the investment in systems biology paid off?
Definitely! Swiss universities seized the opportunity to build new
departments or realign existing ones, create and fill professor-
ships in systems biology and invest in technology development.
Our research community will continue to benefit from these invest-
ments for a long time to come.

About René Imhof

René Imhof studied chemistry at ETH Zurich. In 1976 he
joined the company F. Hoffmann-La Roche and followed a steep
career path there. He eventually became Director of Pharma-
ceutical Research in Basel and Global Head of Scientific and
Talent Relations. At the same time, René Imhof was involved
in various committees in different research areas at the
university level. These included the Boards of Directors of the
University of Basel and of SystemsX.ch as well as the Scientific
Executive Board of SystemsX.ch. He is still active on the
Board of Trustees of the Swiss National Science Foundation,
to which he was elected by the Swiss federal government.
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New collaborations arising from SystemsX.ch projects

Switzerland-wide collaboration network

/ Christa Smith

With the combination of tailored funding measures and community-building efforts, SystemsX.ch sped up
the development of a Switzerland-wide collaboration network and facilitated the integration of new disciplines
into systems biology. This graphic shows newly-developed interdisciplinary, interinstitutional collaborations

between Swiss research groups resulting from large-scale SystemsX.ch projects.
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Industry collaboration

Christa Smith

/ Matthias Scholer

The key to successful public-private partnerships

Some of SystemsX.ch’s initial objectives were only partially reached. For instance, the number of collaborative
projects between industry and academia fell short of expectations. We asked some of the scientists who
managed to bridge the gap between academia and industry which factors were pivotal in their success.

To the management boards of SystemsX.ch,
it was always clear that in order for sys-
tems biology to get a foothold in clinical re-
search, sustainable knowledge transfer
between academia and private institutions
such as industry or SMEs, as well as hos-
pitals, would be needed. SystemsX.ch cre-
ated the necessary framework for this,
including special events, Transfer Projects
involving private partners, and the focus on
medical and clinical research in the second
phase. Despite the fact that the number of
fruitful collaborations fell short of expecta-
tions, a number of highly promising proj-
ects have emerged.

Set the rules of play in advance

One such project is Elina Koletou’s Inter-
disciplinary PhD (IPhD), which is aimed at
developing a computational method for the
reliable diagnosis of prostate cancer malig-
nancy. The doctoral student has two advi-
sors, Peter Wild, senior consultant at the
Institute of Pathology and Molecular Pa-
thology at the University Hospital Zurich
(USZ), and Maria Rodriguez Martinez from
IBM Research — Zurich. If you ask the two
supervisors what factors are vital for suc-
cessful collaboration, they are in agree-
ment: clear protocols on intellectual prop-
erty issues are crucial. There need to be
detailed regulations on who gets to use
which data in which ways, and also what
to do with any profit, should a product
emerge from the research project. Or, as
Peter Wild puts it, “all players need to be on
an even playing field.”

Alearning curve on both sides

According to the experts, other factors vi-
tal for success include the formulation of
common goals, good communication be-
tween researchers, and proactive project
leaders. “The division of tasks is well de-
fined in our project, and both sides are able
to benefit equally from each other’s spe-
cialist knowledge,” says Rodriguez Mar-
tinez. In this way, IBM provides expertise in
machine learning and artificial intelligence,

IBM and the University Hospital Zurich (USZ) are collaborating successfully thanks to SystemsX.ch:
(from left) Maria Rodriguez Martinez (IBM), Elina Koletou (IPhD student) and Peter Wild (US2Z).

while the USZ is able to contribute expert
medical knowledge as well as an extensive
collection of prostate cancer tissue sec-
tions. The remarkable thing about these
samples is the fact that they have been
taken from a number of different sites in
each diseased gland. “This allows us to ex-
amine different levels of malignancy in the
same patient,” explains Wild. This is in turn
ideal for the researchers at IBM. “The co-
hort is an exceptional opportunity for us to
validate our newly-developed method for
classifying prostate cancer,” says Rodri-
guez Martinez. A win-win situation in which
both parties can profit from the steep
learning curve.

Successful collaboration needs time
As well as the collaboration between IBM
and USZ, there have been other projects
demonstrating successful cooperation be-
tween partners in academia and industry.
One researcher who is involved in several
such projects is Bernd Bodenmiller. The
systems biologist from the University of

Zurich is principal investigator of the Trans-
fer Project “Foes or Friends?” in collabora-
tion with Roche.

According to Bodenmiller, there is an-
other key ingredient to success. “To be able
to work together effectively, you need to get
to know each other on a personal as well
as a scientific level. This includes under-
standing each other’s scientific interests
and how things work in industry,” high-
lights the scientist. Factors such as speak-
ing a common scientific language, having
a shared vision and establishing a basis of
trust also play an important role in cement-
ing a good collaboration. And there is no
getting around it: these things take time —
something that was likely in short supply
over the course of the Transfer Projects,
which ran for a maximum of three years.

Realizations such as these have been
collected and summarized in a self-evalua-
tion of the SystemsX.ch initiative as part of a
detailed impact analysis which will be pub-
lished in 2018.The findings should help op-
timize future large-scale research schemes.
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A close-knit research community

Some personal highlights

SystemsX.ch community members describe the initiative’s most important achievements from their personal
point of view, and what was particularly beneficial for them.

“The initiative has
fundamentally changed
the way we do research.
I can’t imagine going
back to the way we did it before.”

Gisou van der Goot, EPF Lausanne

“SystemsX.ch events

enabled me to build up a

network within the sys-

tems biology community
covering a wide range of disciplines
and expertise. It will be essential to
keep this community alive after the
initiative ends.”

Marion Betizeau, former Transition Postdoc Fellow,
University of Zurich

“By bringing together cell
biologists, geneticists,
physicists, computer
scientists and mathema-
ticians, we can now answer ques-
tions that were previously off-limits,
opening new avenues of research.”

Michel Milinkovitch, University of Geneva

“The SystemsX.ch projects

laid the foundation for

personalized medicine

by actively promoting a
systems approach to medical research
questions.”

Karin Metzner, University Hospital Zurich

“The IPhD Projects were
a great way of exploring
interdisciplinary research,
not only for the students
but also for the host groups - in
our case it even led to collaborations
on several other projects.”

Jan Roelof van der Meer, University of Lausanne

“I received a unique

learning opportunity in

a multidisciplinary

research environment,
which is sure to help me achieve
my career goal of establishing my
own research group.”

Weijia Wang, Transition Postdoc Fellow, ETH Zurich



“The TPdF projects were

a great instrument

that allowed researchers

to delve into a new
discipline. I'm sure future research
initiatives will benefit from this
tested project type.”

Mihaela Zavolan, Biozentrum, University of Basel

“SystemsX.ch made it

easier for scientists in

the healthcare industry

to connect with an
established network of academic
partners, increasing private-public
collaboration.”

Hans Widmer, Novartis Institutes for BioMedical Research

“Through the partner-

ship model, a national,

interdisciplinary net-

work has been created
that has helped catapult Swiss sys-
tems biology groups to the forefront
of global research.”

Christian Mazza, University of Fribourg

“The sheer quality

and quantity of scien-

tific publications to

have emerged from
the initiative is outstanding, and
shows that Switzerland has been
at the forefront of systems biology
for the past 10 years.”

Lucas Pelkmans, Chairman of the SystemsX.ch
Scientific Executive Board, University of Zurich

“Our Cell Plasticity RTD
Project helped pave the
way for the use of next-
generation sequencing
by academia in Basel. This crucial
technology facility will be sustained
by the University of Basel and
the ETH Zurich’s D-BSSE even after
SystemsX.ch ends.”

Susan Gasser, Friedrich Miescher Institute
for Biomedical Research

“My IPhD Project made
me part of a community
of students who shared
the same interests,
ambitions, and, most importantly,
faced similar challenges in their
new interdisciplinary environments.

Sunniva Férster, former IPhD student, University of Bern

”



Diversity of systems biology research

From lipids to malaria and gut bacteria

Systems biology provides the key to unlocking a great many scientific problems, as illustrated by the breadth
and success of the SystemsX.ch projects. The involved researchers have used the systems approach to achieve
a fundamental and comprehensive understanding of the behavior of the most diverse biological systems.

Intestinal bacteria, infectious diseases, cancer; basic research,
medical applications or the development of innovative technologies.
However diverse the research questions may be, they all have a
common denominator: it is only thanks to a systems biology ap-
proach that many of today’s open questions in biology can be an-
swered. Out of the roughly 250 projects involving almost 2000 sci-
entists, we have chosen to present a number of successful examples
that reflect the variety of research topics in systems biology.

When useful fat turns into mortal enemy

LipidX was one of the very first SystemsX.ch projects. This Re-
search, Technology and Development (RTD) Project produced a
number of promising offshoots and technical innovations.

As the name suggests, the LipidX project is all about lipids.
These natural products, which include fats, waxes and steroids,
had previously been the focus of relatively few research projects.
This is surprising, as lipids form one of the major components of
a cell and are vital to the human body. They play a particularly im-
portant role in the cell membrane, where changes in the lipid com-
position can lead to iliness.

At the metabolic level, too, lipids are crucial factors in health
and disease. Changes in lipid metabolism can lead to obesity or
metabolic syndrome, regarded as the precursor to type 2 dia-
betes. Furthermore, a disruption in the breakdown of fat at the
cellular level can trigger lysosomal storage disease, in which the
metabolism no longer functions properly. An accumulation of
cholesterol —also a lipid — has been implicated in the development
of arteriosclerosis. And last but not least, changes in lipid dis-
tribution have been observed in diseases such as Alzheimer’s,
Huntington’s and cancer.
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Based on the success of LipidX, the SystemsX.ch and Swiss
National Science Foundation review panels granted the project
a further four years’ funding in 2012. “We were able to build on
the findings from the first phase and show that the systematic
characterization of fatty acids and their metabolic products pres-
ents an important source of biological information,” says project
leader Gisou van der Goot of EPF Lausanne. Among other find-
ings, the LipidX team succeeded in establishing how the lipid
composition of the cell membrane changes in relation to its en-
vironment. In addition, a lipid mass spectrometry platform has
been set up at EPFL, facilitating the rapid quantification and
characterization of lipids.

As part of a further project www.swisslipids.org was created —
a unique database that contains the details of more than 400,000
known and theoretical lipid structures, enriched with expert-
curated information on their metabolism, protein interactions and
occurrence in cells, tissues and organs. The platform has the po-
tential to become one of the leading resources in lipidomics re-
search. The further development and maintenance of SwissLipids
beyond the lifetime of SystemsX.ch is supported by the SIB Swiss
Institute of Bioinformatics, ensuring the long-term sustainability of
this valuable resource.

Getting under the skin

Chameleons communicate their emotions by changing the color
of their skin. The researchers working on the EpiPhysX RTD Proj-
ect wanted to find out how this color changing works. They dis-
covered nanoscopic crystals within some of the chameleon’s skin
cells, which can produce different colors through the interference
of light. This incredibly sophisticated system may one day be em-



ployed in the textile or cosmetic industries. Even the defense in-
dustry is interested in the discovery in order to develop invisible
objects. On top of investigating how a chameleon changes color,
the EpiPhysX team has also demonstrated that hairs, feathers and
scales all share a common evolutionary origin which evolved in a
primitive reptile over 300 million years ago.

To help make these incredible discoveries, the research team
developed the R20BBIE-3D robot, which is able to scan objects
up to 1.5 meters long, allowing the close examination of the skin
of chameleons, snakes or even crocodiles. The device is so pre-
cise that even details such as the color or shape of individual skin
cells can be measured. This novel scanning robot is already gar-
nering interest in the field of forensic science, where it may be em-
ployed to examine injuries resulting from violent crimes in order to
more precisely ascertain what took place.

The project leader Michel Milinkovitch is convinced of the rea-
sons behind the project’s success. “The EpiPhysX project shows
that the integration of biology with physics and mathematics in
everyday research is crucial if we are to understand biological
complexity.”

Disrupting cancer cell communication permanently
Cancer research forms the focus of a number of SystemsX.ch
projects. This includes the MERIC RTD Project headed by Niko
Beerenwinkel of ETH Zurich. The MERIC team is trying to find out
how cancer cells are able to develop resistance to targeted ther-
apy so rapidly — a problem that can have fatal consequences for
patients, particularly those suffering from inoperable cancers.
Cancer drugs are supposed to disrupt a cancer’s intracellular
communication and thus put a stop to the cells’ reproduction.
However, these degenerate cells manage to find new ways of re-
establishing communication within a short time, rendering the

/ Marc Mouci and Christa Smith

drugs ineffectual. To combat this phenomenon, known as evasive
resistance, the MERIC team is examining the involved molecular
processes and networks in detail. The first step involved charac-
terizing the DNA, RNA and proteins, including their phosphoryla-
tion statuses, that are present in cancer cells at different stages
of liver cancer.

Dividing human cancer cells.
© Martin Oeggerli, supported by
School of Life Sciences FHNW

The first potential therapeutic targets have already been iden-
tified. “The findings obtained by the systems-biology-level analy-
ses will first be tested in functional, proof-of-concept experiments
and then translated into a clinical setting,” explains Beerenwinkel.
These approaches will go well beyond the framework and dura-
tion of the SystemsX.ch grant. But the future of this promising
project has already been safeguarded with the award of an ERC
Synergy Grant totaling 11.2 million Euros, allowing the ground-
breaking research to continue seamlessly.
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Malaria pathogen in the liver stage.
Image: Volker Heussler, University of Bern

Defeating malaria - one of the most widespread
infectious diseases

It is not only cancer that researchers hope to tackle using a sys-
tems biology approach. There are also projects dedicated to find-
ing new treatment options for infectious diseases such as tuber-
culosis, HIV and malaria.

Malaria was widespread in Western Europe right up into the
20th century. Thanks to preventive measures, good diagnostics
and effective medical treatment, the disease was repressed. In
more southerly latitudes, however, malaria still represents a sub-
stantial problem due to the rise in drug-resistant parasites and lim-
ited access to effective medical interventions. The MalarX RTD
Project, led by Vassily Hatzimanikatis at EPF Lausanne, is aimed
at making a decisive contribution to the eradication of the disease.

In order to do this, the researchers need to develop completely
new therapeutic approaches that take the malaria parasite’s par-
ticular life cycle into account. After a mosquito bite the pathogen
migrates from the bloodstream into the liver of the host organism,
where it lodges. After multiplying and maturing in the liver tissue
the parasites migrate back into the bloodstream where they in-
fect red blood cells and reproduce again. It is during this infec-
tious stage that the parasite is transmitted to the next host via
mosquito bites.

Previous attempts to fight malaria were focused on eliminating
the pathogen in the blood. But this approach is not always suc-
cessful, as new generations continuously arise in the liver. This is
why the MalarX researchers are looking into the molecular inter-
actions between pathogen and host in the liver. The data they col-
lect is fed into a comprehensive mathematical model, which
should help them find new and more efficient ways of eliminating
the parasite for good.

16 X-Letter 35 | March 2018

The MalarX team is already one step closer to achieving this
goal. The scientists have identified two enzymes in the parasite
that are essential to its survival and transmission. They have even
gone so far as to find a substance that blocks both of these en-
zymes in laboratory experiments. “We must now translate these
findings into a therapeutic approach that is appropriate for use in
the countries most affected by malaria,” says Hatzimanikatis.

Getting to know our intestinal bacteria

It is estimated that each of us carries about one kilogram of intes-
tinal bacteria around inside us. These microorganisms can be di-
vided into at least a thousand different species. Not only do they
play an important role in digestion, but they also synthesize vita-
mins and neutralize toxins.

However, it is not always possible to live in harmony with one’s
gut bacteria, not least when the body’s immune system attacks the
microorganisms. This is what happens in inflammatory bowel dis-
ease (IBD), which is estimated to affect one in every 1,000 people.

The Medical Research and Development (MRD) Project GutX
aims to find new approaches in the treatment of IBD. This requires
a deeper understanding of the interactions between the gut bac-
teria themselves, and also between the bacteria and their host. As
principal investigator Andrew Macpherson from Inselspital Bern
explains, “we're trying to understand how the exchange of mole-
cules between different types of intestinal bacteria and the body
affects our health.” To this end, the scientists are measuring a
large number of different biochemical substances in the contents
of the intestine and examining how these substances are passed
onto the host. The data will be integrated into a model that will then
simulate these processes in a healthy and diseased organism.

This is a completely novel approach. Until now, research was
limited to cataloging the individual species of bacteria in the gut.
Therefore, hardly anything is known about the complex interac-
tions taking place in the intestine. With this systems approach,
Macpherson and his collaborators are hoping to gain a compre-
hensive picture of the roles of individual gut bacteria as well as
their interactions. In the long term, these findings will help us ac-
tively regulate our intestinal system when something goes wrong,
and positively influence our health.



A diverse array of scientific and soft-skill events

Event highlights

¥ 4

Christa Smith

The final international SystemsX.ch conference took place in September 2017. Around 200 researchers from a
broad range of fields attended this last major event, using the opportunity to exchange ideas and network with
fellow scientists. The smaller events organized by SystemsX.ch were no less successful: the retreats and postdoc
workshops were always fully booked, and feedback from participants was overwhelmingly positive.

The 3rd and final international conference represented the conclusion of SystemsX.ch.

Over the past 10 years, SystemsX.ch has
organized around 30 events and sup-
ported almost 100 further events orga-
nized by members of the community. The
aims of these events included the estab-
lishment of a Switzerland-wide network of
systems biologists as well as the support
of young scientists, who regularly took part
in the SystemsX.ch conferences and work-
shops.

A central component of each confer-
ence was the poster session, which al-
ways encouraged lively discussions and
exchange. At the 3rd and final interna-
tional conference in Zurich, over 140 PhD
students and postdocs presented their
latest research. Onur Tidin (EPFL), poster
prize winner in the single-cell biology cat-
egory, explained what distinguished the
initiative’s events. “The SystemsX.ch con-
ferences were great thanks to their diver-
sity — not only in the topics covered and
disciplines involved but also in the cultures
represented by the participants.”

This diversity was also evident in the
SystemsX.ch retreats and workshops. For
these events, SystemsX.ch decided to shift

the emphasis away from the science itself,
and instead focus on strengthening soft
skills. The events addressed the human
aspects of doing science, in order to influ-
ence and support both participants’ cur-
rent scientific work as well as their future

careers. Topics such as conflict manage-
ment, presentation skills, and leadership
and communication made these work-
shops very popular with young scientists.
“The soft-skill workshops were unique and
provided me with multiple opportunities,
not only to expand my presentation skills
but also to connect with my peers,” ex-
plained Elad Noor (ETHZ) after attending a
SystemsX.ch retreat. Anil Kumar (PSI) at-
tended one of the postdoc workshops to
prepare for his future role as a research
group leader. “Through application-oriented
theory and team exercises, we learned how
to motivate, engage and activate others in
a group, in order to harness the maximum
potential of each and every team member,”
he said. Ozlem Ipek (EPFL) also found the
SystemsX.ch workshops very beneficial,
saying, “I now have a much clearer idea of
how to effectively set goals and deadlines
and be a proactive leader.”

For all those who have not yet had the
chance to take part in a SystemsX.ch
workshop or retreat, one more such event
is planned for 2018. More information will
be available via the SystemsX.ch news-
letter and website.

Ozlem and Anil at the 2016 Postdoc Workshop on Leadership and Management Skills.
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Young entrepreneurs

From research project to startup

More than half of the roughly 2000 researchers working in SystemsX.ch projects were postdocs and PhD
students. After deepening their expert knowledge in an interdisciplinary context, a number of these young
researchers went on to develop promising startup ideas that now have to survive in the competitive market.

Here, we present three of them.

Mario Emmenlauer wants to put the biologist in the driver’s seat for image analysis. Photo: © Mario Emmenlauer

Automated image analysis and simplified image processing for
biologists —this is Mario Emmenlauer’s business idea in a nutshell.
With this, the bioinformatician has his finger on the pulse of cur-
rent biological research. Up until now, working with image analy-
sis software was time consuming and complicated. Big data im-
age analysis required the manual setup of a number of complex
tools. Often, the analysis could only be performed with the help of
an IT specialist, while the biologist could do no more than assist
them from the sidelines.

Emmenlauer has experienced this first-hand. “It starts with set-
ting the measurement parameters, which are based on highly
complex algorithms,” he says. As a postdoc in the Research,
Technology and Development (RTD) Project InfectX, he had the
task of finding new ways of analyzing millions of images generated
during the project efficiently and reproducibly. “For me it was clear
that such a challenge could only be overcome with a solid soft-
ware solution,” says the bioinformatician.

High-level image processing for non-experts

When the RTD Project InfectX came to an end in 2013, Mario
Emmenlauer had already made substantial progress towards
automating image analysis, and was able to seamlessly integrate
his know-how into the follow-up project TargetinfectX. The con-
clusion of this RTD in early 2017 represented an important cross-
roads for Emmenlauer’s career. He then went on to establish the
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Munich-based company BioDataAnalysis GmbH in order to make
his software more widely available for biological research. Thanks
to the BioDataAnalysis CellAnalyzer, biologists will soon be able
to process images unaided, without requiring an IT specialist. At
the same time, the software will learn how to identify cell struc-
tures independently through machine learning. The researcher ini-
tially assigns a category to each type of cell structure with a click
of the mouse. “Once the software is able to recognize a cell nu-
cleus, it looks through the data and automatically marks all of the
cell nuclei it finds,” explains Emmenlauer. The results then need to
be verified by the researcher just once, and any errors corrected.
The program records these corrections and thus avoids making
the same erroneous interpretations in subsequent steps, improv-
ing accuracy. “With our CellAnalyzer, even non-experts will be
able to carry out high-level image processing,” remarks Emmen-
lauer, who is resolutely working towards the goal of his software
being used at top universities worldwide within five years. “I am
convinced that the BioDataAnalysis CellAnalyzer has the potential
to revolutionize image analysis in biology.”



/ Matthias Scholer

The microfluidic device, developed by Ata Tuna Ciftlik, makes tumor sample diagnostics faster and more accurate. Photo: © Ata Tuna Ciftlik

Eighteen employees with an average age of 30, nine languages,
two interns and a diverse range of specialisms mixed with dynam-
ics and passion - this is how the Lunaphore team looks today. The
Lausanne-based Lunaphore Technologies SA is undoubtedly the
most advanced of all the startups in which SystemsX.ch has
played a vital part. The success story started with the funding of
Ata Tuna Ciftlik’s Interdisciplinary PhD Project (IPhD) through the
initiative. “Thanks to my IPhD, | was able to lay the foundations of
our business accomplishments,” recalls Ciftlik, the company’s
founder and CEO. During his time at EPF Lausanne, the engineer
and mathematician, who had previously never worked in biologi-
cal research, developed a microfluidic device.

Harnessing microfluidics

The core technology of the device is a microfluidic chip. This is tra-
versed by a number of microcapillaries with a diameter of a thou-
sandth of a millimeter. “There is an inlet on one side of the chip
through which the capillaries can be filled with liquid. On the other
side is an outlet through which the liquid is sucked out again,” ex-
plains Ciftlik. In the center there is a chamber, the real core of the
device. Here, samples can be examined by means of immunohis-
tochemistry (IHC), a method widely used in medicine and biology
for visualizing cellular components. To do this, specific antibodies
that bind to the components of interest in the sample material are
added to a liquid reagent. With the help of different dyes, the
bound antibodies can then be localized and quantified.

The novel aspect of Ciftlik’s technology, which goes by the
name of Fast Fluidic Exchange Technology, or FFeX for short, is
the fast delivery and high flux of the antibodies to the tissue sam-
ple relative to other available methods. Additionally, not only does
the microsystem allow the tissue sample to be brought into con-
tact with the reagent for a precisely defined time period, but the
arrangement of the capillaries also ensures a uniform distribution
of the liquid over the entire sample. These are all factors that in-

crease the accuracy of the measured results. Ciftlik summarizes
the advantages of the microfluidic device: “fast and precise!”

Top-ten finish

Ciftlik and his team envisage that their technology will be mainly
used in diagnostic laboratories, where essential information about
tissue samples can be passed on to surgeons during time-critical
operations to help optimally inform decision-making. “With conven-
tional devices, IHC staining takes several hours. FFeX delivers a
result in as little as 12 minutes,” emphasizes Ciftlik. Furthermore,
the device can also be operated by laboratory personnel without
any prior experience with microfluidics — yet another advantage
for Lunaphore, which aims to make a name for itself in the diag-
nosis of breast and lung cancer worldwide. The chances are high
that the young entrepreneurs will succeed in their goal. An indica-
tion of this is given by the numerous prizes that have been awarded
to the company over the past couple of years, not least a top-ten
place in the past three years’ Top 100 Swiss Startup Awards. In
addition, Lunaphore Technologies SA was one of 18 young com-
panies selected to present their business idea to 200 investors
and CEOs at the 2017 World Economic Forum’s Annual Meeting
of the New Champions.

The company is also making progress in its global expansion.
Ciftlik and his team have already been able to demonstrate their
device at several hospitals and laboratories at home and abroad,
where it is being tested by experts. Despite the success, Ciftlik
has managed to remain grounded. “Good products need time to
grow and constantly develop,” he says sagely.
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According to Michele Fiscella, the MaxWell technology is an ideal tool for basic research, enabling the long-term monitoring of single-cell activity as well as
network dynamics. Photo microchip: Jan Miiller et al., Lab Chip, 2015, 15, 2767-2780.

The company MaxWell Biosystems AG was founded in 2016 in
Basel. The founding scientists themselves are not the only ones
enthusiastic about the enterprise and its business idea. “Last year
we received 130,000 Swiss francs from the startup promoter
Venture Kick,” says Michele Fiscella with pride. Fiscella is one of
the four founders of this startup, which develops microchip plat-
forms. The company currently offers two products, the MaxOne
Single-Well and the MaxTwo Multi-Well platforms.

The MaxOne was the first product to be developed, and the
main motive behind the establishment of the company. “Two of my
business partners, Urs Frey and Jan Muller, developed MaxOne
during their PhD studies at ETH Zurich. As part of my SystemsX.ch
Interdisciplinary PhD Project (IPhD), | developed methods to make
the device compatible with electrophysiological investigations of
nerve cells.” At the core of MaxOne is a microchip that measures
the functionality of nerve cells. During his IPhD, Michele Fiscella
studied the activity of ganglion cells in the mouse retina. “Thanks
to the methods | developed, by the end of the project we were able
to investigate how different classes of ganglion cells encode a vi-
sual stimulus into electrical signals and send them to the brain for
further processing,” explains the biotechnologist. With MaxOne,
scientists are thus not only able to use the microelectronic plat-
form to measure the function of single neurons, but also for the
study of whole neural networks.

Fast and yet exceptionally precise

This is a remarkable achievement in itself, but for Fiscella and his
business partners, this was only just the start. Their next step was
to apply their technology to the study of human eye disorders. To
this end, the team first examined 30 mice which possessed a
gene mutation that also occurs in humans. The scientists, how-
ever, did not know what effect the specific mutations had on eye-
sight. They therefore studied the properties of the neurons in the
eye tissue of the rodents with MaxOne. They were able to identify
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a gene mutation that causes comparable vision deficits in mice
and humans. “This mouse strain now serves as a model for the in-
vestigation of certain eye disorders in humans,” says Fiscella. It
took the MaxWell team less than two weeks to determine this.
“Using conventional methods, it would have taken several months,”
notes the researcher. The MaxWell technology is not only notable
for its speed, but also for its high accuracy. This is no wonder, as
MaxOne has 26,400 measurement points as compared to its
competitors’ 64. “Thanks to its speed and accuracy, MaxOne is
the ideal tool for basic research,” says Fiscella.

No time to rest on one’s laurels

But this young startup does not want to stop there. The scientific
and pharmaceutical industries are making increasing use of in-
duced pluripotent stem (iPS) cells in their research. These are ob-
tained through the manipulation of human skin or blood cells and
are then transformed into different tissues such as neural or heart
tissue. These newly manufactured cells can be used in place of
animal experiments to test drug safety by measuring the activity
of the iPS cells upon exposure to a substance. “This recent devel-
opment has opened up a completely new market for us,” enthuses
Fiscella. In order to stay ahead in this new domain, the MaxWell
team developed MaxTwo, a platform which can carry out several
electrophysiology measurements in different wells simultaneously.
With these innovative products, the team’s interdisciplinary exper-
tise and their pioneering spirit, it seems like we will be hearing even
more from MaxWell Biosystems AG in the future.



Portrait of a former Transition Postdoc Fellow

The biophysicist

/ Atlant Bieri

Markus Basan looks like your typical student. But the former Transition Postdoc Fellow is already an assistant
professor at the renowned Harvard Medical School in Boston.

His office is sparsely furnished. There are no bookcases, and
hardly any seating. “I've been waiting for the furniture to arrive for
a while now,” Basan says with an apologetic smile.

Only two large blackboards adorn the wall behind him. They are
crammed with scribbles and graphs. Typical physicist, you think.
However, the curves do not describe the decays of exotic parti-
cles, but the growth rates of bacterial colonies.

Basan is a systems biologist who uses physics to try to under-
stand living organisms. In a torrent of words, he describes his re-
search interests. “At first | wanted to work in theoretical physics,
but I didn’t like the fact that it’s not very easy to test your theories.
You need huge machines like particle accelerators,” he says.
“Bacteria, on the other hand, are much easier to handle, so | fo-
cused instead on the physics of living things.”

Steep career path

Basan is just 33 years young. At the age of 25, he had already
completed his PhD. From 2013 to 2016, he worked on his
SystemsX.ch Transition Postdoc Fellowship (TPdF). “That bene-
fited me a lot,” he states. “It gave me as a physicist the opportu-
nity to expand my knowledge and expertise in biology by working
directly in a biology department for the first time. And of course it
also gave me peace of mind, knowing that | had a secure source
of research funding for a couple of years.”

After SystemsX.ch came Harvard. For him, it was love at first
sight. “After my results were published, | applied for several posi-
tions. When | was invited for a job interview here and met the peo-
ple in the department, | knew immediately where | wanted to go
next. Here people understand me and share the interdisciplinary
systems biology mindset,” says Basan.

Different energy strategies of bacteria

Now he is in charge of a whole team, including a laboratory.
Among other things, he is now pursuing the question of why cells
use different metabolism strategies to fuel their growth. For exam-
ple, if you place bacteria in a sugar solution, they break the sugar
down, breathing in oxygen and producing the waste substance
CO,. This process is extremely efficient, consuming little sugar to
produce energy.

However, there are bacteria that go about producing energy in
another way. They leave the oxygen untouched and produce ace-
tic acid instead of CO, as waste. This process is known as fermen-
tation, and consumes huge amounts of sugar compared to the
other method. Many mammalian cells, including cancer cells, use
this strategy.

Basan and his colleagues found out that the energy strategy
employed by the bacteria is linked to their growth rate. If they need
to grow fast, they prefer fermentation. “Bacteria can drive fermen-
tation with little effort. It’s a bit like a coal-fired power station — the
process is not very efficient, but it's cheap,” says Basan. “Pro-
vided there is enough fuel, fermentation is the better choice for

rapid growth.” Basan would like to find out if the same is true for
mammalian cells, particularly in the context of tissue.

The systems biology approach continues to form the corner-
stone of Basan’s research. “We measure a lot of things,” he ex-
plains. “We use sensors to track the bacteria’s sugar uptake and
examine the size of the bacterial cells under the microscope at dif-
ferent growth rates.” The team also uses genetic engineering to
alter bacterial properties, like the genes that determine whether a
bacterium produces CO, or acetic acid. “Our goal is to create a
mathematical model or simulation that describes the processes
occurring in the cells. This will allow us to see whether there are
still gaps in our understanding.”

Since moving to the US, Markus Basan has bought a house in
Brookline, Massachusetts, where he lives with his wife. “It may be
the ugliest house in the area, and was in need of renovation,” he
says. “But it’s in a good neighborhood, and | can cycle to work,
which only takes 10 minutes. We've even grown to quite like the
house,” he smiles.

Basan has nevertheless kept his ties to Switzerland. “I am con-
tinuing work with the systems biologists at ETH Zurich. My Swiss
colleague Hugo Stocker is currently helping us introduce flies as
a new model organism,” he says. “And of course, the supervisor
from my TPdF, Uwe Sauer, remains an important mentor and col-
laborator.”
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SystemsX.ch Communications

In pictures: 10 years of SystemsX.ch

Social activity, retreat 2013

You can see more photos at: www.systemsx.ch/photos
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A journey through the human body

Last year, SystemsX.ch produced a docu-
mentary film which portraits a number of
the initiative’s research projects. The film,
titled “The Human Body: the ultimate fron-
tier of complexity,” takes viewers on a jour-
ney of discovery into the human body, ex-
ploring the frontiers of systems biology
research into ageing, memory, personal-
ized medicine and more.

An app accompanies the film, digging
deeper into the research being carried out
by SystemsX.ch scientists. With the aid of
text, videos, images and quizzes, the app
educates the user on recent advances in

systems biology, and is aimed at anyone
interested in learning more about this ex-
citing research field.

Both the film and the app are available
for free. You can watch the complete film
or individual chapters in English, French,
German or Italian on our YouTube channel:
www.systemsx.ch/youtube.

The app is currently available in English
for tablets only (both iPads and Android
devices). It can be found by searching for
“SystemsX” on your tablet in the app store.

kp

SystemsX.ch
impact analysis

As part of the evaluation of SystemsX.ch,
Leiden University (Netherlands) carried out
a bibliometric analysis of the initiative’s pub-
lication output. SystemsX.ch projects have
so far generated more than 1700 peer-
reviewed articles. Both the incidence of
SystemsX.ch publications in high-impact
journals as well as the number of citations
are more than twice the world average.

You can find their report on our website:
www.systemsx.ch/report-leiden. The full
impact analysis will be published this year
by the State Secretariat for Education, Re-
search and Innovation.

ed

Time to say goodbye

This is the 35th and final issue of the
X-Letter magazine. Over the past 10 years,
countless researchers have collaborated
with us to explain their research, grant us
interviews, give feedback and share pic-
tures. We would like to thank all of you; it
was a pleasure working with such a moti-
vated and passionate community.

Those in the Management Office (MO)
would like to take this opportunity to say
goodbye. Since 2007, a team of between
three and seven people has kept the initia-
tive running by overseeing project finances,

organizing training events and conferences,
keeping the community and the public up
to date on systems biology news, and sup-
porting researchers in a variety of other
ways. The MO will now be gradually scaled
back until 2019, when the final Financial
Report is published and the SystemsX.ch
partnership formally disbanded.

Now it only remains to say: It was a
great experience participating in this ad-
venture together, and we wish you all the
best for the future!

ed
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