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Abstract: This review describes the innovative technological developments that have brought genomics from its
beginnings in the late 1980s to the present day and then discusses the ways in which genomics platforms are
deployed across Switzerland to play a key role in supporting basic and applied research in both academia and
industry.
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Introduction

Since the late 1980s, the genomics
landscape has evolved at a tremendously
fast pace. It began with labor-intensive
‘home-brew’methods to identify, sequence
and analyze single genes at a time and
over the following decades transformed
into high-throughput platforms and ana-
lytical solutions that have opened the door
to the comprehensive integration of mul-
tiple -omics data types and spawned the
analysis of numerous clinical, nutritional
and environmental variables. This review
will first summarize these innovative and
exciting technological developments and
then shift to discuss the ways in which
genomics platforms have been deployed
across Switzerland to play a key role in
supporting basic and applied research in
both academia and industry. This has made
a significant contribution to the shape of
research in the country.

Speed-of-light Evolution of Geno-
mics Technologies from the 1980s

In the mid-1970s, F. Sanger invented a
method for DNA sequencing using a DNA
polymerase to incorporate dideoxynucleo-
tides into radio-labeled DNA strands.[1]
This breakthrough, for which F. Sanger
received the Nobel Prize for Chemistry
in 1980, paved the way for the modern
genomics era with the development of
various types of automated sequencers,
which would commonly be referred later
as ‘first-generation’ sequencing. At the
same time, the nascent field of molecular
biology sprung to life with the discovery
of: 1) restriction enzymes to cut DNA at
specific sequences for which W. Arber
received the Nobel Prize in Physiology
or Medicine 1978; 2) DNA cloning vec-
tors such as plasmids, bacterial artificial
chromosomes (BACs), and yeast artificial
chromosomes (YACs) to propagate isola-
ted DNA fragments of various length; and
3) the Polymerase Chain Reaction (PCR)
which enables the specific amplification
of focused DNA sequences, and earned
its inventor K. Mullis the Nobel Prize for
Chemistry in 1993.[2] This culminated, at
the turn of the century, in the very ambi-
tious Human Genome project. From its be-
ginning, the Human Genome sequencing
project faced numerous technical, finan-
cial, analytical and ethical challenges.[3]
The first major challenge was that the val-
ue of the genome was closely tied to our
ability to measure the activities of the var-
ious genes that it encoded and the second
was that ‘first-generation’ sequencing was
just too slow and expensive for this kind of
work. This culminated in the development
of two major technologies: Microarrays,
which opened the door to affordable gene
activity and genotypic measurements; and
high-throughput DNA sequencing, better
known as ‘Next Generation’ Sequencing
(NGS) or ‘second-generation’ sequencing,

which made affordable genome sequenc-
ing a reality.

Microarrays

A quantum leap in the field was
reached with the invention of microarrays
in the late 1990s, which provided for the
first time a method by which data could
be collected in a truly comprehensive way.
The first generation of arrays delivered
transcriptome analysis,[4] and were rapidly
followed by genotyping,[5] and chromatin
IP analysis (ChIP on chip).[6]

The principle of microarrays lies in
exploiting the complementarity between
the two strands of DNA, pioneered by the
work of E. Southern.[7] DNA probes spe-
cific for genomic DNA or mRNA targets
are immobilized at known locations on
a glass surface. The probes were initial-
ly either produced from synthetic oligo-
nucleotides or PCR products amplified
from DNA or cDNA (DNA copy of RNA)
and printed using custom spotting robots.[8]
The ‘home-brew’ printers used in the early
days were quickly replaced by commer-
cial solutions, mainly proposing oligonu-
cleotides arrays produced by either in situ
synthesis by photolithography,[8] ink-jet
synthesis[9] or coupling of oligonucleotides
to beads,[10] as the need to control batch
variability pushed this technology into the
mainstream. Fluorescently labeled copies
of the sequence of interest such as cDNA
or cRNA for gene expression, or DNA for
genotyping or ChIP on chip, can then be
hybridized to the arrays and photographed
by fluorescence microscopy. The signal
intensity specifically associated with each
spot can be estimated and translated into a
relative expression value (for gene expres-
sion purposes, see ref. [4] for review), a
genotype (presence of a specific polymor-
phism, for genotyping studies, see ref. [5]
for review), or a measure of the relative
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process. Depending on the technology, se-
quencing is performed either by synthesis
or ligation, and base addition is detected
by recording either emitted fluorescence
following incorporation of labeled bases,
or pH changes due to the release of hy-
drogen ions during base incorporation.
The various current suppliers propose in-
struments with distinct specificities such
as read length between 50 to 300 bases,
and different output from a few megabases
(Mb) to terabases (Tb) per run. For exam-
ple, the highest throughput systems (HiSeq
X-Ten) enables a single laboratory to se-
quence up to 1.8 Tb per day, corresponding
to 18,000 human genomes at 30X coverage
per year.[20b,c]Consequently, the bottleneck
has clearly shifted from data production to
data storage, analysis and interpretation.
The steps started with the microarrays to
develop the fields of computing, bioinfor-
matics and bio statistics have evolved to
face these new challenges.[21] The field is
still under strong pressure to continue to
develop appropriate solutions especially
with more data now being processed in
the Cloud with solutions for storage and
suites of optimized analysis and inter-
pretation pipelines rather than on private
networks,[22] with the ultimate goal to con-
vert ‘big data’ into ‘smart and exploitable
data’. One interesting corollary is the shift
of contribution of the various factors to
global costs of sequencing projects, from
being mostly devoted to sequencing with
‘first-generation’ sequencing to storage,
computing and analysis nowadays.[22b] The
revolution brought by NGS has opened
new avenues to unprecedented biomedical
research such as clinical diagnostics and
personalized medicine,[23] confirmed by
the first authorization of NGS for diagnos-
tic purpose by the FDA,[24] as well numer-
ous examples in the areas of basic research
such as for example studies of genomes,
transcriptomes, DNA-protein interactions,
and metagenomics.[25]

One of the main limitations of NGS
technologies is the relatively short read
length, which precludes resolution of the
numerous repetitive elements present in
genomes. The only ‘third-generation’ se-
quencing technology commercially availa-
ble today for longer reads is the single-mol-
ecule real-time (SMRT) sequencing from
Pacific Biosciences. In SMRT sequencing,
single DNA molecules are individually
sequenced in real time by DNA polymer-
ases immobilized at the bottom of zepto-
liter-sized chambers. Owing to the library
preparation and sequencing process, which
do not require any amplification, the tech-
nology generates more uniform genome
coverage. The latest version of the chem-
istry produces on average a read length
above 14 kilobases (kb), with the longest
reads exceeding 60 kb, and about 1 gigab-

In summary, the major breakthrough
brought by microarrays created, for the
first time in the history of biology, the abili-
ty to globally interrogate the transcriptome
and the genome in highly parallel manner
with an unprecedented fully comprehen-
sive approach, combined with (relative-
ly) low costs and short time. As we will
discuss below for Switzerland, this time
also coincides with the decision of many
Universities and companies to coordinate
and group the implementation and access
to these technologies into shared core fa-
cilities.

Next-generation Sequencing and
Beyond

The heavy cost of the Human Genome
project showed the limits of traditional
Sanger sequencing, resulting in a desper-
ate need for more appropriate methods
to sequence large numbers of genomes
at a significantly higher pace and lower
cost. In 1990, two scientists sat in a bar in
Cambridge (UK) and designed a method
for highly parallelized sequencing that led
to the formation of the company Solexa.
By the mid-2000s this project (now the
market leader) and others had matured the
current NGS technologies, which now per-
mit industrial scale sequencing. It is worth
mentioning here the key local contribution
of L. Farinelli, E. Kawashima and P.Mayer
(Glaxo-Weclome’s Geneva Biomedical
Research Institute) with the invention of a
DNA clustering method patented in 1997.
This clustering method, combined with the
Solexa sequencing method forms the basis
of the systems currently marketed by the
NGS leader Illumina. While far cheaper
than the Human Genome project, all these
NGS instruments still required substantial
investment and technical expertise to run
efficiently and again the genomics core
facilities played an instrumental role in
bringing this advance to the wider scien-
tific community.

It is out of the scope of this review to
detail the various sequencing technologies
developed, which have been described in
depth recently in excellent reviews.[20] In
summary, the NGS technologies have in
common the following steps: the unknown
DNA (or cDNA derived from RNA) is
processed through various molecular bi-
ology steps, which fragment it into a de-
sired target size; and then attach flanking
adapters of known sequence; this may or
may not be further amplified by PCR to
give a so-called sequencing library. The
library is immobilized onto a solid sub-
strate (a glass plate or a bead) and clon-
ally amplified to generate sufficient DNA
molecules for appropriate detection of
signal-over-noise during the sequencing

amount of a protein of interest recruited at
a particular genomic location for ChIP on
chip.

The gene expression arrays were in-
itially developed based on data coming
from massive Expressed Sequenced Tags
(ESTs) projects by Sanger sequencing of
cDNA libraries originating from various
tissues of key model organisms, combined
with the development of transcriptome
profiling methods such as differential
displays[11] and serial analysis of gene ex-
pression (SAGE),[12] all deposited in public
databases (http://www.ncbi.nlm.nih.gov/
nucest). This was further augmented in
later generations using whole genome se-
quencingdata as a reference for thedesigns.
The speed of this process is impressive
and reflects the demand for data. The first
complete bacterial genome (Haemophilus
influenza) was published in 1995,[13] fol-
lowed one year later by the first complete
eukaryotic genome (yeast Saccharomyces
cerevisiae[14]). These initial milestones
were quickly followed by the first insect
(Drosophila melanogaste[15]) and plant ge-
nomes (Arabidopsis thaliana[16]) in 2000,
and the first draft of the Human Genome in
2001.[17] Today more than 3,000 eukaryot-
ic genomes, 68,000 prokaryotic genomes
and 5,000 viral genomes have either been
completed or are in draft versions in the
NCBI database (http://www.ncbi.nlm.nih.
gov/genome/browse/).

Thanks to the wealth of information
collected and publicly available, commer-
cial suppliers rapidly provided a portfolio
of solutions to interrogate the transcrip-
tomes of numerous species.

Likewise, progress in our understand-
ing of the spread of human genetic vari-
ation, thanks to initiatives such as the
Haplotype Map project (http://hapmap.
ncbi.nlm.nih.gov/), coupled with the first
medium scale population sequencing pro-
jects, lead to the development of high-den-
sity genotyping microarrays that enable to
interrogate hundreds of thousands to mil-
lions of polymorphic regions of the human
genome and infer copy number variation.[5]

Finally with the completion of genome
sequencing projects, tiling arrays covering
the complete genomes (except repetitive
regions) ofmajormodel organisms (such as
human, mouse, Drosophila melanogaster,
Arabidopsis thaliana, and Caenorhabditis
elegans) became available, opening the
door to genome-wide studies of the tran-
scriptome or the complete landscape of
binding sites of transcription factors.[6,18]

Concomitantly, the field of bioinfor-
matics and associated developments in
statistical methods emerged in order to ad-
dress the significant problem of high vol-
ume data storage, analysis and interpreta-
tion that IT departments were not equipped
for.[19]
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studies rather than outsourcing the
work, and (iii) the environment for val-
idating, optimizing and implementing
new procedures adapted to the particu-
lar needs of a given research project.
In 2014 the LSTF entered the Next-
generation sequencing era by teaming
up with the Genomics Facility Basel
(see below). In summary, the LSTF
is clearly an outstanding example of
a long-term collaboration between the
Universities of Basel and Zurich in
Switzerland.

• TheGenomics Platform of the National
Center for Competence in Research
(NCCR) ‘Frontiers in Genetics’ was
established in 2001 to support the re-
search programs of the local scientific
community including the members of
the NCCR network, the University of
Geneva,andthewideracademicandpri-
vate research communities around the
Lake of Geneva and further. Following
the initial investment by the NCCR
‘Frontiers in Genetics’, the Genomics
Platform expanded in the frame of the
‘Science – Vie – Société’ program in
2003, concomitantly with the imple-
mentation of the DNA Array Facility
of the University of Lausanne (see
below). In 2013, the NCCR ‘Frontiers
in Genetics’ program came to an end
and the governance of the Genomics
Platform was transferred to the newly
established Institute of Genetics and
Genomics of Geneva (IGe3).

• The DNA Array Facility (DAF) of the
NCCR ‘Molecular Oncology’ at the
University of Lausanne/ISREC was
established in 2001 to provide sup-
port to the members of the ‘Molecular
Oncology’ network and by extension
to the local scientific community. It
would merge with the Lausanne DNA
Array facility in 2003 (see below)

• The Functional Genomics Center
(FGCZ) of the University of Zurich
and the Eidgenössische Technische
Hochschule (ETH) Zurich opened
in 2002. The FGCZ is a research and
training facility established to provide
an inter-institutional technology plat-
form to support gene expression (with
microarray technologies) and proteom-
ics research (by mass spectrometry).

• The DNA Array Facility (DAF) of
the University of Lausanne was es-
tablished in 2003 as one of the core
facilities of the Center for Integrative
Genomics to provide data generation
and data analysis services for theUNIL,
CHUV, ISREC and EPFL as part of the
‘Science - Vie - Société’ program. As
already mentioned, the University of
Lausanne DAF and the ISREC/NCCR
‘Molecular Oncology’ DAF merged in
2003. In 2008 the facility was renamed

and dissemination. The Swiss Institute
of Bioinformatics (SIB) was founded in
1998 to address these needs. The SIB has
since grown significantly and is now an
important partner for the researchers and
biotechnological platforms of academ-
ic institutions across Switzerland. The
Vital-IT high-performance computing in-
frastructure developed by the SIB and its
associated bioinformatics core facilities
have greatly facilitated the analysis of the
genomic data deluge.

In the early 2000s, various comple-
mentary strategies were approved across
the country with the common, but inde-
pendent, goal of establishing genomics
core facilities to serve local needs. These
included:
• The Friedrich Miescher Institute (part

of the Novartis Research Foundation)
established the Functional Genomics
core facility in the Rosental Campus
of Basel in 2000. The FMI hosted
experts in genomics, proteomics, im-
aging and bioinformatics to provide a
system biology focus to their research.
Ties between the Francophone and
Alemannic cantons were strengthened
when, in 2004, a new director for the
FMI in Basel was appointed from the
University of Geneva. At this time, the
FMI was accepted as one of the first
Swiss-German institutes to host bio-
informaticians who were also members
of the SIB.

• TheGenomicResearchLaboratorywas
created in2000within thedivisionof in-
fectious diseases of Geneva University
Hospitals. This structure – supported
by the SNF and several grants – was
developed to enable basic research into
the pathogenesis of Staphylococcus au-
reus. Research approaches used bacte-
rial genetics, home-brew high-density
microarrays and, more recently, NGS.
This microbial focus led to the creation
of a dedicated bioinformatics group,
which subsequently expanded its focus
to include medically relevant questions
around clinical metagenomics in col-
laboration with local and international
consortia.

• The Life Sciences Training Facility
(LSTF)wasestablishedattheUniversity
of Basel in 2001 with joint support and
funding from the Biozentrum and the
Department of Biomedicine (DBM).
The LSTF’s purpose was to provide
researchers with training and access
to equipment and software solutions
for GeneChip-based profiling experi-
ments. The facility’s success is based
on three elements: (i) a strong focus on
analyzing RNA with a proven technol-
ogy (high-density oligonucleotide mi-
croarrays), (ii) the possibility for users
to acquire the skills for genome-wide

ase (Gb) of data per SMRT cell.[20b,c]These
specificities make SMRT sequencing ide-
ally tailored to address the challenge of de
novo genome assembly, and long reads are
providing an additional level of unprec-
edented structural information for both
the genome[26] and the transcriptome.[27]
However, the current throughput and costs
limit the deployment of SMRT sequencing
for large genome-wide studies.

Alternative ‘third-generation’ sequenc-
ing platforms such as the emerging nano-
pore-based technologies might provide yet
another avenue to further increase read
length. Nanopore sequencing is performed
by translating peaks of electrical current
into a base sequence as long DNA stretch-
es passes through a small channel such as
a protein pore or a hole in a graphene layer.
However, the current high error rate and
low throughput of nanopore sequencing
needs to be overcome before it can become
competitive against the established second-
and third-generation technologies.[20b,c]

Genomics Technology Platforms in
Switzerland

In the late 1990s various initiatives
from different Swiss academic actors were
launched, with the aim of creating central-
ized genomics core facilities across the
country. The primary motivations of these
initiatives were the following: centralize
into laboratories accessible to the research
community the expensive and complex
technologies as well as the knowledge and
expertise; ensure an efficient and continu-
ous connection and collaboration with the
key technology suppliers to set out consist-
ent pricing and access to the latest state-
of-the-art technologies and applications;
guarantee a high-level maintenance and
availability of these delicate instruments
to ensure uninterrupted delivery of high
quality data; stimulate the interactions
and exchanges between the experts work-
ing in the different technology platforms
in Switzerland, as well as within the sci-
entific community of users to match the
supply to the demand and foster creative
brainstorming.

The unifying theme in those early days
was the concerted need to bring the new
microarray technology and associated
analysis to eager scientists keen to lever-
age this new power for gene expression
and variant analysis.

In parallel, the field of bioinformat-
ics was in its infancy but recognized as
a much-needed discipline to bring biolo-
gy from a qualitative, descriptive science
to a quantitative computational discipline
that could support, provide expertise,
and advise researchers on matters such
as: data storage; analysis; interpretation;
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gether they established the Biological
Systems Research department. As a
part of it, the Research Technologies
group was set up to support the systems
toxicology research activities with ac-
cess to the latest ’omics technologies
and a high performance-computing
environment. In 2011, the array-based
transcriptomics and the proteomics ac-
tivities were centralized in Neuchâtel.
To complement them, a genomics plat-
form was established and started pro-
viding short read sequencing in 2012.
It was expanded at the end of 2015 to
also provide long reads. In the same
timeframe, targeted and non-targeted
analysis capabilities were implement-
ed by the proteomics platform, and the
transcriptomics platform scaled up to
address the increased demand.

• In 2010, Nestlé established the Nestlé
Institute of Health Sciences (NIHS) on
the EPFL campus in Lausanne. NIHS
is a basic research institute deploying
complementary ’omics technologies
(genomics, proteomics, lipidomics,
metabolomics, and nutrient profiling),
and bioinformatics to support pioneer-
ing fundamental research programs
aimed at understanding health and
disease, and developing science-based
targeted nutritional solutions for the
maintenance of health. The institute is
focusing on three main areas: metabol-
ic health (obesity and diabetes), brain
health and ageing (cognitive decline
and muscle ageing) and gastrointesti-
nal health (microbiome). In this con-
text, the Functional Genomics group
has developed its expertise in various
state-of-the-art genomics technolo-
gies including short- and long-read
sequencing, microarrays and targeted
technologies, and applications such as
gene expression, genotyping, micro-
biome characterization, de novo bacte-
rial and plant genome assembly, as well
as bioinformatics and analytical com-
petencies to support the projects of the
institute, as well as the global Nestlé
R&D.
It is finally worth mentioning that a

number of high profile service providers
have been established and actively par-
ticipate in shaping the Swiss genomics
landscape. These laboratories have imple-
mented various genomics technologies and
applications, from nucleic acid extraction
to sequencing and data analysis.

Closing Remarks

The current genomics situation in
Switzerland is the emulation of the revo-
lution in the field of genomics, combined
with the work of motivated scientists who

The technology platforms of the SAC
members have followed the evolution
of genomics technologies and have em-
braced NGS, ‘third-generation’ sequenc-
ing, as well as more targeted approaches
such as real-time PCR, digital PCR, sin-
gle-cell analysis, or Nanostring nCounter.
Some have expanded their roles to include
complementary profiling activities such as
proteomic, metabolomic and imaging to
address the fast evolving needs of their us-
ers. They have also deployed some level of
data management and analysis, in order to
complement the support provided by initi-
atives such as the Vital IT platform and to
meet the raising expectations of users with
differing levels of expertise and available
resources in bioinformatics and statistics.

In parallel to these academic initiatives,
industry followed a similar path, as exem-
plified by the following examples. This
list is far from exhaustive and is meant to
highlight a couple of companies, which
have been heavily involved in genomics
for many years and have also embraced
the concept of genomics technology plat-
forms.
• Novartis was an early industrial adop-

ter of genomics. It recognized this
need within both its academic (FMI)
and corporate research arms. In 2000,
‘The Genome Factory’ (Novartis AG)
was founded to serve the microar-
ray needs of corporate research. The
creation of the Novartis Institutes for
Biomedical Research (NIBR) in 2004
resulted in the transfer of ‘The Genome
Factory’ from Novartis to NIBR
and its rebranding as ‘Genomic and
Genetic Applications’ (GGA) within
the Biomarker Development (BMD)
group. In 2009, GGA acquired its first
NGS systems. At the end of 2015, a
multidepartmental center of excellence
for genomics research and collabora-
tion was established on the Novartis
Campus in Basel combining clinical,
pre-clinical and exploratory research
in one location.

• Roche sponsored the Basel Institute for
Immunology (BII) between 1971 and
2000 to exploit and develop the new
technologies of molecular biology and
genetics. In 2000, the BII was closed
and replaced by the Roche Center for
Medical Genomics, Ltd which focused
on molecular pathology and diagnos-
tics. Roche has also been a key player
in the long read sequencing field with
the marketing of the 454 system (ac-
quired from 454 Life Sciences in 2007)
and more recently the co-development
of the Sequel system, together with
Pacific Biosciences, for use in clinical
diagnostics.

• In 2008, Philip Morris International’s
hired a senior member of SIB and to-

‘Genomic Technologies Facility’ to
represent more faithfully the support
in additional genomics technologies
beyond microarrays.

• The Genomic Core Lab of the Institute
of Oncology Research was established
at the Oncology Institute of Southern
Switzerland in Bellinzona in 2003. The
main interest is in the application of ge-
nome-wide technologies for character-
ization of lymphoid tumors on the eval-
uation of anti-lymphoma effect of new
compounds. The Genomic Core lab is
dedicated to local users – Institute of
Oncology Research (IOR) and Institute
for Research in Biomedicine (IRB)
labs – but is also open to external re-
searchers.

• In order to take advantage of emerging
Next Generation Sequencing technol-
ogies scientists from three institutions
in Basel established an NGS unit at
the Department of Biosystems Science
and Engineering (D-BSSE of the ETH
Zurich in Basel) in 2008. The place-
ment at theD-BSSE ensured high-qual-
ity bioinformatics and IT support of the
project, by the highly interdisciplinary
expertise established at the depart-
ment, including many groups work-
ing in computational biology and the
group of software engineers working at
the SystemsX.ch unit CISD (Center for
Information Sciences and Databases;
now part of the Scientific IT Services
of ETH Zurich). This concerted initi-
ative culminated in the establishment
of the Genomics Facility Basel of the
University of Basel and ETH Zurich
in 2014 to allow researchers of the life
science community in Basel and at
ETH Zurich direct access to state-of-
the-art genomics technologies.
The microarray technology can be

considered as a harmonizing factor, adopt-
ed and supported at the same time by a
group of investigators across Switzerland.
In 2001, M. Primig (at the time at the
Biozentrum, Basel) called a meeting of
the leaders of these newly established
core platforms who agreed to meet regu-
larly and share their respective expertise,
successes and issues. This initial meeting
resulted in the creation of the Swiss Array
Consortium (SAC). The SAC turned out to
be a very efficient forum for pre-compet-
itive exchange. It would promote and ac-
celerate post-genomic biological research
by working together to evaluate technolo-
gies and, through shared experiences and
needs, develop informatics tools to en-
hance research in Switzerland. This initia-
tive has fostered strong connections within
the Swiss genomics community, which,
despite the waning interest in microarrays,
remains a force in our Nation’s scientific
endeavors.
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engaged to adopt in the early days these
fast evolving genomics technologies, were
and are still federated into an informal and
friendly network which provides a high-
ly collaborative forum for exchange and
brainstorming. The evolution of the careers
of some of us from academia to industry
and reciprocally has further contributed
to the efficient networking and strength-
ening connections between academia and
industry.

Genomics is not an exception and core
technology platforms have also been de-
ployed in other biology fields in order to
address the needs of the community in
these various complementary technolo-
gies, as presented elsewhere in this issue:
chemical biology screening by D. Moreau
and J. Gruenberg;[28] mass spectrometry
(proteins) by O. Rinner;[29] bioimaging by
C. R. Bauer.[30]

Genomics technologies are in constant
evolution; new instruments to sequence
genomes at even higher pace and lower
costs are expected to become available in
the very near future. NGS is now fully in-
tegrated in biological research. Precision
medicine initiatives aim at bringing this
revolution to the beds of patients in order
to improve the treatment and prevention of
their diseases. The goal is to assess likeli-
hood of outcome given prior expectations
coming from: genetics; age; the environ-
ment; and lifestyle. These advances prom-
ises to improve human health but raise nu-
merous questions about data privacy and
ethics as access to these data will require
gathering across previously distinct do-
mains of information. Refer to the review
of D. Trono[31] in this issue for a presenta-
tion of the precision medicine initiative in
Switzerland.

One thing is clear, as the years pass,
the genomics revolution has a bigger and
bigger impact on ever wider fields of re-
search outside of the initial biomedical and
basic research domains: agriculture, with
assisted breeding; food authenticity; foren-
sic pathology; food safety with food-borne
pathogen tracking; paternity testing; and
long-term data storage. Predicting the fu-
ture is always a foolhardy endeavor, given
the difficulty we seem to have with keep-
ing track of the present, however it is clear
that biology and information technology
have become firm friends. It is impressive
to witness that the expansion of genomic
data is growing so much faster than the fa-
mous Moore’s law of the last century that
a new paradigm of computing is required.
As Switzerland excels in the fields of bi-
otechnology, nanotechnology, physics and
engineering it will be interesting to watch
how the close links that have been forged
between these formally distinct disciplines
evolve into new ways to explore the world.
Interesting and exciting times indeed.
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