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Figure 1

Vacuole biogenesis starts with a
subdomain of the (A) ER being
converted into a (B) provacuole
(PRV, arrowheads) that eventually
fuses with a pre-existing vacuole
(C). Knock-down of a subunit of the
HOPS-complex leads to depletion of
VHA-a3-RFP from the tonoplast and
accumulation in punctate structures
(D, arrowheads) representing

either provacuoles or degradative
compartments.

Figure 2

The phosphorylation status of the
V-ATPase changes during cold ac-
climation. Residues with decreased
phosphorylation after cold acclima-
tion are highlighted in red, residues
with increased phosphorylation are
shown in green.

Vacuolar proton-pumps and cold acclimation

The geographical distribution of plant species as well as the growth and yield of crop
plants are limited by their tolerance to low temperatures. Whereas plants from temperate
regions increase their freezing tolerance during exposure to low but non-freezing tempera-
tures in a process termed cold acclimation, chilling-sensitive plants fail to do so. Damage
to cellular membranes is the major cause of freezing injury in chilling-sensitive plants and
inactivation of the vacuolar H*-ATPase (V-ATPase) leading to cytosolic acidification has
been reported to be one of the primary events after cold exposure. We have shown that
cold acclimation in Arabidopsis involves an increase in V-ATPase activity that requires the
presence and activity of a second enzyme, the vacuolar H*-PPase (Kriegel et al., 2015)
and might involve regulation by phosphorylation (Figure 2).
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pH-homeostasis in the endomembrane system

Adaptation of the cellular protein-repertoire according to the developmental program and
in response to environmental changes requires a highly specific targeting and trafficking
machinery. In plants, the trans-Golgi network/early endosome (TGN/EE) is the central
dynamic hub in which exo- and endocytic trafficking pathways converge and thus
specificity of cargo routing needs to be achieved. The identity of the TGN/EE is determined
by the presence and activity of the V-ATPase and luminal pH is a key determinant for
protein trafficking (Figure 3, Luo et al., 2015). In this context we have identified the
V-ATPase targeting domain in VHA-al and have shown that overexpression of this domain
causes dominant-negative effects pointing to a pH-sensing function as well as a direct
interaction with the core trafficking machinery. Moreover, we have shown that the precise
TGN/EE-localization of the V-ATPase is dependent on the presence of two members of the
CIC-family of anion transporters pointing to a crucial yet mechanistically unresolved connection
between ion homeostasis, protein trafficking and membrane fusion. Together with the
group of Ursula Kummer we have established a mathematical model that allows us to test
predictions which players along with the V-ATPases are criticial for pH-homeostasis.
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Planned research and new directions

Goals for our research in the coming years are:

1. Mapping functional subdomains of the TGN/EE

Using super-resolution pH-imaging in combination with a comprehensive set of markers
for subdomains of the TGN/EE will allow us to determine how such a highly dynamic
compartment that directs much of the cells protein flux can maintain its identity by a core
set of proteins that appears static.

2. Elucidate the mechanism of provacuole formation

We have proposed that provacuoles are derived from subdomains of the ER and will
identify the molecular machinery involved in fission of provacuoles from the ER and fusion
with pre-existing vacuoles by using proteomics as wells as forward and reverse genetic
approaches.

3. Interplay of the vacuolar proton-pumps during cold acclimation

We will characterize the molecular interaction of V-ATPase and V-PPase during cold
acclimation as well as the function of their reversible modification via S-acylation. More-
over, we are performing a comprehensive analysis of the role of vacuolar H*-pumps during
cold acclimation via genetically encoded sensors (pH and ATP/ADP ratio) as well as by
metabolomics, proteomics and lipidomics approaches.
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4. How does the vacuole control cell shape?

We have identified a molecular link between vacuoles and the cytoskeleton that is crucial
for cell shape that dramatically affects tissue architecture of the leaf spongy mesophyll.
The reduction of leaf size observed in mutants lacking vacuolar proton-pumps is not
caused by the reduced cell size but by a dramatic reduction of intercellular space that
reduces CO_-diffusion. We will determine if tissue architecture is controlled by ambient
CO,-concentration and will perform a screen for mutants with reduced leaf air space.
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Brief summary of work since 2013

Transient changes of cytosolic free Ca®* concentrations ([Ca*1.,), represent a fundamental

concept in signaling in all eukaryotic cells. In plants, the second messenger Ca?* is
associated with nearly all aspects of plant development and plant-environmental inter-
actions. To facilitate the analysis of Ca?* dynamics in plant cells, we optimised procedures
for Ca?* imaging in intact seedlings, which allowed us to identify so far unresolved
single-cell Ca?* oscillations in intact leaves. Moreover, we developed protocols to calibrate
Ca* indicators in intact plant tissue which is critical to correlate [Ca?*],,, changes with the
biochemical activity of the respective Ca®* decoding proteins.

Major contributions since 2013

Fluctuating environmental conditions trigger diverse metabolic and developmental
adaptation reactions in plants. The underlying signalling mechanisms rely on transient
concentration changes of the ubiquitous second messenger Ca%*. Although Ca?* signalling

is involved in nearly all aspects of plant development and plant-environmental interactions,

the question is how multiple Ca?* signals lead to diverse and specific output reactions.
Specificity in Ca?* signalling depends on multiple factors and starts already during signal
encoding, as the duration, amplitude and frequency of the Ca®* signal can be stimulus-
dependent. In addition, specificity is conferred at the level of signal decoding that is
mediated by a plethora of Ca?* binding proteins that differ in their expression, localisation
and Ca?* binding affinities (Figure 1). The different properties of these Ca® sensors are
critical for the differential signal processing and determine the specificity of Ca®*signalling
pathways. To understand how Ca?* signalling regulates many physiological and develop-
mental processes in plants, it is important to i) identify and characterise stimulus-coupled
transient [Ca®]., patterns in intact tissues with high spatio-temporal resolution and ii)
quantify absolute [Ca?*],, changes to correlate [Ca**]., patterns directly with the activity of
Ca?* regulated target proteins. To address these important questions, we employed several
strategies to analyse Ca?* dynamics in plant cells using genetically-encoded fluorescent
indicators (GEFIs) for Ca®*.
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Figure 1

Ca?* signalling in plant environ-
mental interactions. Fluctuating
environmental conditions trigger
transient [Ca*].,, changes that
differ in amplitude and frequency in
a stimulus-dependent way. These
[Ca®],, signals are decoded by
different classes of Ca®* sensor pro-
teins that translate the information
into downstream responses which
result in specific physiological and
developmental adaptation reactions.
Ca?* signals are integrated with other
signal transduction mechanisms
that involve production of reactive
oxygen species (ROS), pH changes,
changes in hormone concentration
and membrane potential changes.
Depicted are numbers of different
classes of Ca®* sensor proteins from
Arabidopsis.
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We generated a robust imaging platform that allowed us to monitor GEFI changes in a
minimally invasive manner and over a broad spatio-temporal range (Behera et al., 2013;
Krebs and Schumacher, 2013; Kriger et al., 2013). Simultaneously, we established

Ca?* imaging with the red-emitting intensity-based Ca?* indicator R-GECO1, which exhibits
superior performance in Arabidopsis compared to previously used Ca?* indicator Yellow
cameleon 3.6 (YC3.6). Due to its increased sensitivity, we were able to visualise so far
unresolved single-cell Ca?* oscillations in intact leaves after stimulation with bacterial and
fungal effector molecules (Keinath et al., 2015). More recently, we fused intensity-based
Ca?t indicators to a reference fluorescent protein. With this approach, we generated
ratiometric Ca®* indicators that combine the high dynamic range of single-FP Ca?* indicators
with the advantages of ratiometric imaging. (Waadt et al. 2017). To be able to correlate
[Ca®*],,, patterns with the activity of Ca?* regulated target proteins we developed protocols
for in vivo calibration of Ca?* indicators in Arabidopsis root tips. Based on this, we are now
able to quantify absolute [Ca?*],,, changes which is critical in order to place Ca?* decoding
proteins into a specific developmental program or a physiological signalling pathway
(Waadt et al. 2017).

Planned research and new directions

In the past years, we have continuously optimized tools and protocols for Ca®* imaging in
plant cells. However looking at [Ca®*],, changes alone is not enough to untangle complex
signaling pathways. There is growing evidence that cellular signaling events involving Ca®*
as a second messenger are tightly interconnected with other signal transduction mecha-
nisms that involve production of reactive oxygen species (ROS), pH changes, changes in
hormone concentration and membrane potential changes (Figure 1). Therefore, our future
efforts will focus on extending the repertoire of GEFIs to establish multiparameter imaging.
This type of analyses allows to follow several signaling pathways in parallel and in real-
time. Simultaneous analyses of Ca®* and pH, ROS, hormones or electrical signals will help
us to gain new insight into the order of events, the dynamics of interaction or the inter-
dependent behavior of the respective signaling pathways. Implementation of this tech-
nigue into mutants that lack vacuolar proton pumps or proton-coupled transporters will
allow us to unravel their function in signaling and adaptation in response to biotic and
abiotic stress conditions.

Selected publications since 2013
Number of peer-reviewed articles 2013-2017: 9, number of citations 2013-2017: 192,
h-index (2013-2017): 6, total h-index: 12 (according to Thomson Reuters).

Waadt, R., Krebs, M., Kudla, J. and Schumacher, K. (2017). Multiparameter imaging of
calcium and abscisic acid and high-resolution quantitative calcium measurements using
R-GECO1-mTurquoise in Arabidopsis. New Phytologist, in press.

Kriegel, A., Andrés, Z., Medzihradszky, A., Krlger, F., Scholl, S., Delang, S., Patir-Nebioglu,
M.G., Gute, G., Yang, H., Murphy, A.S., et al. (2015). Job Sharing in the Endomembrane
System: Vacuolar Acidification Requires the Combined Activity of V-ATPase and V-PPase.
The Plant Cell 27, tpc.15.00733.

Wang, Y., Dindas, J., Rienmdller, F., Krebs, M., Waadt, R., Schumacher, K., Wu, W.H.,
Hedrich, R., and Roelfsema, M.R.G. (2015). Cytosolic Ca®* Signals Enhance the Vacuolar
lon Conductivity of Bulging Arabidopsis Root Hair Cells. Molecular Plant 8, 1665-1674.

Keinath, N.F., Waadt, R., Brugman, R., Schroeder, J.I., Grossmann, G., Schumacher, K.,
and Krebs, M. (2015). Live Cell Imaging with R-GECO1 Sheds Light on flg22- and
Chitin-Induced Transient [Ca2+]Cy1 Patterns in Arabidopsis. Molecular Plant 8, 1188-1200.
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Brief summary of work since 2013

Glycosylation is an abundant posttranslational modification of proteins entering the
secretory pathway. Among the diverse types of glycosylation, N-glycosylation and
O-mannosylation are evolutionarily conserved, essential in fungi and animals, and underlie
the pathophysiology of severe congenital disorders with diverse clinical presentations in
humans. Using yeast and mammalian model systems our group aims to unravel the
molecular mechanism of the initial steps of protein O-mannosylation in the endoplasmic
reticulum (ER) and the molecular functions of O-mannosyl glycans. In the recent past, we
showed that in baker’s yeast protein O-mannosyltransferases efficiently mannosylate
nascent polypeptide chains which enter the ER through the Sec61 translocon complex.
Protein O-mannosyltransferases interact with oligosaccharyltransferase which initiates
N-glycosylation at the translocon and even compete for glycosylation acceptor sites of
target proteins. To elucidate the full repertoire of O-mannosylated proteins we developed
mass spectrometry-based approaches which allowed us to describe the first yeast
O-mannose glycoproteome and resulted in the identification of new mammalian O-manno-
sylated proteins including the cell adhesion molecules cadherins. We further established
poly- and monoclonal O-mannosyl glycan directed antibodies. Applying these novel
»glyco«-tools, our group demonstrated that O-mannosylation is an abundant protein
modification of the murine brain and impacts on cadherin-mediated cell adhesion during
mouse embryonic development as well as in human gastric carcinoma. Very recent data
indicate that the absence of protein O-mannosyltransferases affects N-glycosylation of
cadherins suggesting a mutual influence of these types of glycosylation also in mammals.

Major contributions since 2013

Protein O-mannosylation is initiated at the lumenal side of the ER membrane, where the
first mannose is transferred from an activated lipid-linked mannosyl donor to substrate
glycoproteins (Figure 1). This reaction is catalyzed by a conserved family of protein
O-mannosyltransferases (PMTs). In baker’s yeast O-mannosylation is the only type of
protein glycosylation beside N glycosylation, making Saccharomyces cerevisiae an ideal
eukaryotic model to study the molecular mechanism and functions of this essential
posttranslational modification (reviewed in Loibl and Strahl, 2013). In yeast, secretory and
membrane proteins can be N-glycosylated, O-mannosylated or both. We recently demon-
strated that N-glycosylation and O-mannosylation can be initiated at the Sec61 translocon
complex and that oligosaccharyltransferase and protein O-mannosyltransferases (PMTs)
even compete for glycan acceptor sites (Loibl et al. 2014). In an important step towards
the full understanding of protein O-mannosylation we established the first yeast O-mannose

165



166

REPORT 2014-2017
Research Groups

Figure 1

The biosynthetic pathway of
O-mannosyl glycans in baker’s
yeast and mammals. From review
Neubert and Strahl (2016).

glycoproteome. O-Mannosylated glycopeptides and glyco-sites were monitored by
higher-energy collision-induced dissociation/electron-transfer dissociation (HCD/ET-
D)-based MS/MS. We identified over 500 O-glycoproteins from all subcellular compart-
ments for which over 2,300 O-mannosylation sites were mapped (Halim et al., 2015,
Neubert et al., 2016). We discovered hitherto unknown O-mannosy! glycans on nuclear,
cytoplasmic and mitochondrial proteins. The type of nucleocytoplasmic proteins and the
localization of identified O-mannose residues resemble that of O-GlcNAcylation which is an
essential process in all eukaryotic cells with the exception of yeast. Our results shed light
on the longstanding conundrum how yeast survives without the nucleocytoplasmic
O-GlcNAcylation system (Halim et al., 2015). Furthermore, we identified O-mannosyl
glycans on 26% of the proteins that enter the secretory pathway and are targets of
PMT-based O-mannosylation. For the vast majority of these proteins, O-mannosylation has
been directly demonstrated for the first time. The analysis of these 293 proteins including
2221 individual O-mannosylation sites revealed a high complexity of this glycosylation
(Neubert et al., 2016). In the close proximity of N-glycosylation acceptor sites, O-manno-
sylation is impeded. Using a recently established microsomal system (Loibl et al., 2014),
we could verify the mutual influence of these modifications. Our finding that for instance
major mediator and effector proteins of ER protein quality control are natural O-mannosyl-
ation targets provide an entirely novel view on the mutual dependence between protein
glycosylation and folding, and adds a hitherto unrecognized layer of regulation in ER
protein homeostasis (Neubert et al., 2016).

Protein O-mannosylation is an essential protein modification in fungi and animals. In
human, it plays a critical role in the pathomechanisms of congenital muscular dystrophies
with brain and eye malformation. The most severe forms such as Walker-Warburg-
Syndrome are frequently caused by defects in the POMT1-POMT2 protein O-mannosyl-
transferase complex. In baker’s yeast the PMT family is redundant and the different
members show specificity towards acceptor proteins (reviewed in Loibl and Strahl, 2013).
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We took advantage of in vitro O-mannosyltransferase activity assays specific for different
PMT-family members and demonstrated major functional and biochemical similarities
between the human POMT complex and the POMT1 orthologue from baker’s yeast, Pmt4.
We mimicked Walker-Warburg-Syndrome -associated POMT1 amino acid exchanges in
yeast Pmt4. In vivo and in vitro analyses proved the mutants catalytically inactive as their
human counterparts. Our results define yeast Pmt4 as a model to study this class of
essential enzymes (Bausewein et al., 2016).

A major bottleneck in the analysis of O-mannosylated peptides and proteins was the lack
of O-mannosyl glycan directed antibodies. We established rabbit monoclonal antibodies
directed against the epitope Thr(al-Mannose) and verified the specificity (Bartels et al.,
2016). Using this tool, we demonstrated that mono O-mannosyl glycans occur ubiquitously
throughout the murine brain but are especially enriched at inhibitory GABAergic neurons
(Figure 2) and at the perineural nets. In addition, our mass spectrometry-based approach
led to the identification of glycoproteins from the murine brain that bear single O-mannose
residues (Bartels et al., 2016). Among the candidates identified are members of the
cadherin and plexin superfamilies and the perineural net protein neurocan. In addition, we
identified neurexin 3, a cell adhesion protein involved in synaptic plasticity, as a new
O-mannosylated glycoprotein. In combination, our results demonstrate that mono
O-mannosyl glycans are a frequent protein modification at least in the murine brain.

a-Gephyrin

Figure 2

Mono O-mannosy! glycan staining
Taking advantage of the monoclonal Thr(al-Mannose) directed antibody, we could of inhibitory neurons of the cerebel-

> . . . . . lum from wild-type murine brain.

establish a link between human cancer and O-mannosylation in collaboration with S. Co-staining of gephyrin, an inhibito-
Pinho (University of Porto) (Carvalho et al., 2016). This study further revealed that the ry synapse protein from GABAergic
o . . R . neurons and the a-O-Man antibody
inhibition of mammalian protein O-mannosyltransferases negatively affects E-cadherin- on cryosections. Scale bars = 50
mediated cell-cell adhesion, via unexpected crosstalk between O-mannosylation and the um. From: Bartels et al. (2016).

biosynthesis of individual N-glycan structures on this important adhesion molecule.

Planned research and new directions

Our recent work revealed a multi-layered coordination of O-mannosylation and N-glycosyl-
ation in yeast and mammals including humans. It is still unclear however, whether in
mammals the observed effect is restricted to E-cadherin or whether N-glycosylation is
generally affected by a decrease in O-mannosylation, and what mechanisms are behind
this coordinated interplay. To address these questions, we now aim to study mammalian
O-mannosylation and its relation to N-glycosylation at the operating, regulatory and
functional levels. This work will performed in the frame of Research Unit 2509 »The
concert of dolichol-based glycosylation: from molecules to disease models«, for which | am
the coordinator.

Evidence is accumulating that in baker’s yeast protein O-mannosylation is also crucial for
ER quality control and the unfolded protein response. However, the molecular mechanism
and components of the so-called unfolded protein O-mannosylation system are still poorly
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understood. The fact that the O-mannose glycoproteome revealed major mediator and
effector proteins of ER quality control and unfolded protein response on the side of PMT
substrates potentially adds a hitherto unrecognized layer of regulation in ER homeostasis.
Over the next few years we wish to unravel the role of protein O-mannosylation for ER
quality control especially during ER stress conditions and gain a mechanistic understand-
ing of the unfolded protein O-mannosylation pathway using baker’s yeast as a model (SFB
1036, project 11 »The role of protein O-mannosylation in the ER quality control and the
unfolded protein responsex«).

Selected publications since 2013
Number of peer-reviewed articles 2013-2017: 11, number of citations 2013-2017: 106,
h-index (2013-2017): 5, total h-index: 28 (according to Thomson Reuters).
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Brief summary of work since 2013

We delineated factors involved in retinal growth and regeneration and the underlying
transcriptional networks. A particular focus was on the role of retinal stem and progenitor
cells and their role in establishing and maintaining the perfect shape of the eye which is
fundamental for its functional homeostasis. We have shown that the neuroretina is creating
shape out of itself via a programmed behavior of neuroretinal stem cells. The pigmented
epithelium on the other side arises from the same stem cell niche and passively follows the
lead (and shape) implemented by the action of the neuroretinal stem cells. Our computa-
tional model for retinal growth is complemented by functional insights originating from
clonal gain and loss of function analyses of key players governing the activity of retinal
stem and progenitor cells. We have employed stochastic activation of transcriptional
modules that couple in vivo indicators with the gain or loss of function of key pathway
components (e.g. of wnt signaling).

Our massive progress in Crispr/Cas technology was instrumental for the establishment of
genetically validated conditional paradigms that now allow addressing the acute loss of key
players (e.g. Rx genes). Those are of high interest since they appear to facilitate life-long
growth of the retina in teleosts and their targeted inactivation has furthered our under-
standing of vertebrate retinal size control. Another striking feature of teleost eyes retinae is
their apparently unlimited regenerative capacity. We carefully compared different species
and took advantage of the loss of retinal regeneration in medaka (similar to human) to
identify key factors that, when targeted to Mueller glia cells in the retina, reinstate the
regenerative capacity.

Major contributions since 2013

Addressing the role of individual key genes in retinal development, growth and regenera-
tion we initially focussed on the level of the population (tissue, organ). However, we soon
realized that the function is only understood, when analysed on the level of the individual
cell in the context of the population.

Scaling that insight, we had been initiating a large project already 2005 in collaboration
with Ewan Birney (EBI) and have identified an unstructured medaka population in
collaboration with K. Naruse from the NIBB in Okazakai, Japan in 2010. This was the
starting point for systematic inbreeding (Spivakov et al., 2014) in collaboration with Felix
Loosli at KIT and we have now sequenced the genome more than 100 inbred lines
(backcross generation 10 or higher, with E. Birney).
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While the genetic resource was getting on its way, we in parallel established the resources
for systematic quantitative analyses, with a focus on high resolution morphometrics (Figure
1), the heart, pharmacogenomics, stem cells and regeneration as well as behavioural
analyses. We have established efficient and quantitative phenotyping pipelines adapted to
high throughput.

To immediately tackle genome/environment interactions we will retrieve the transcriptomes
of eight organs per line in two replicates of males and females for all 120 lines under
summer and winter conditions. A total number of almost 8000 samples has been
extracted and is currently prepared for quantitative analysis by RNA seq.

Figure 1

Micro CT analysis of an adult
medaka male. Virtual sagittal
section through a full 3D dataset

of an adult medaka male fixed and
stained with PTA. Note the excellent
resolution also of soft tissues facili-
tating automated segmentation and
morphometric analysis.

Role of Retina specific homeobox genes in defining retinal stem cells

The continuously growing retina in fish ideally facilitates addressing establishment and
maintenance of a stem cell niche. We have addressed players that control retinal stem
cells on the transcriptional level using the retina specific homeobox-containing transcrip-
tion factor Rx2 as a proxy for retinal stem cells (Centanin et al., 2014). On the one hand,
we had identified upstream regulators of Rx2, defining the identity of retinal stem cells
(Reinhardt et al., 2015). On the other hand, we have tackled the role of Rx2 and devel-
oped and employed an improved iDamlID protocol (Gutierrez et al., 2016) to identify
downstream mediators of its activity. The partial functional redundancy due to the
overlapping expression of its close paralog Rx1 and their pleiotropic function also at early
stages of development has posed a serious challenge that we mastered by gain and loss of
function studies followed by clonal analyses. Our results indicated that the modulation of
Rx2 expression immediately impacts on the features of the affected cells. Rx2 overexpres-
sion even drives even differentiated retinal neurons into a stem cell like fate. In contrast,
the repression or Rx2 within stem cells triggers their arrest and sends them into dormancy.
We generated and analyzed Rx2, Rx1 and Rx1/2 mutants that now allow to validate the
Rx2 downstream cascade of direct target genes.

Clonal analysis of wnt signaling

Life-long proliferation and differentiation of retinal progenitor cells into the proper numbers
of terminally differentiated neurons of the mature retina allows addressing the tight
coordination of both, proliferation and differentiation of progenitor cells. Here we addressed
the impact of the Wnt signaling pathway by clonal interference and quantitation of
downstream reporters. This allowed delineating the relative contribution of canonical Wnt
signaling to proliferation and differentiation of specific progenitor cells along the differentia-
tion cascade. The quantitative analysis will contribute to our model of retinal growth and
differentiation to predict and test the impact of Wnt signaling in other contexts.



173

- o louP Wit Signaling #4s

- e baeP Wint Signaling A

noifrCoS

L1 ]
[ .
.®

Figure 2

Impact of clonal gain of wnt signaling on ArCoS shape. A) Upon stochastic heat shock or tamoxifen induced recombi-
nation of the Gaudi-cassette (red switch green; RSG), three events can be observed: 1) terminally differentiated cells in
the central retina will shift their color (salt and pepper staining close to the optic nerve). In the absence of proliferation,
cells and GFP will remain static during growth. 2) Progenitor cells are apparent in response to heat shock Cre activa-
tion and leave a footprint (open arrowhead) due to their limited proliferative potential. 3) ArCoS arise from recombi-
nation events in stem cells of the CMZ (arrowheads). These continuous lines increase slowly but consistently in their
width and length to cope with circumferential and axial growth of the eyecup. B) Upon ubiquitous heat shock induced
upregulation of Wnt signaling by stochastic activation of a dominant negative GSK3 more ArCoSs and footprints

arise. ArCoSs expressing DN-GSK3 often terminate earlier and start later compared to wt-ArCoSs. C) ArCoSs cannot
be induced when Wnt is activated in retinal stem cells (by Rx2::CreERT2). Activation of Wnt in the photoreceptors
(second domain of rx2), however, did not alter their fate and served as recombination control (Moéller and Wittbrodt
unpublished). Data on wt-ArCoS adapted from (Centanin et al., 2014)
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Figure 3

Altered stem cell division properties
in the ventral NR affect retinal
topology. Schematic illustrating how
the position of the embryonic retina
shifts during growth. Upper panels:
Simulation examples embryonic
retina in green. Lower panels:
modulation of division plan and
number of cell cycles shifts embry-
onic retina. Red area outlines cells
affected by modulation.

Modeling of 3D retinal growth

Morphogenesis of complex organs requires coordination of anatomically and functionally
distinct tissues. The precise 3D shape required for a functioning eye makes the eyes of
teleosts an ideal system to explore how tissues coordinate growth and maintain the shape
of an organ in functional homeostasis. Here, neural retina (NR) and retinal pigmented
epithelium (RPE) arise from distinct stem cells in a single bipartite stem cell niche, the
ciliary marginal zone (CMZ). Differentiated retinal cells grow little in size, retain their
position without cell rearrangement, and have negligible death rates. Therefore, the stem
cells in the CMZ must coordinate proliferation rates with organ growth. However, it was
unknown how this coordination occurs and whether stem cells play a role in maintaining
organ shape during post-embryonic growth. By comparing clonal lineage data in three
concentric eye tissues of the teleost medaka (Oryzias latipes) — NR, RPE, and the
surrounding choroid — with computational simulations of a 3D agent-based model, we
show that NR stem cells orchestrate both, growth and shape in post-embryonic eye
morphogenesis. All three eye tissues follow distinct growth strategies; clonal patterns in the
RPE and the choroid show they passively follow the lead of the NR. We highlight how a
minimal target node for evolution — the proliferation of NR stem cells — can be exploited to
adapt whole-organ morphogenesis in a complex vertebrate organ.

Regeneration and repair

To identify key factors that confer regenerative capacities to non-regenerative species is of
pivotal relevance for basic research and translational approaches. We have uncovered a
differential response in retinal regeneration between medaka (Oryzias latipes) and
zebrafish (Danio rerio). In contrast to zebrafish, medaka Muller glia (oIMG) cells behave
like progenitors and exhibit a restricted capacity to regenerate the retina. After injury, olMG
cells proliferate but fail to self-renew and ultimately only restore photoreceptors.

In our injury paradigm, we observed that in contrast to zebrafish, proliferating oIMG cells
do not maintain sox2 expression. Sustaining sox2 expression in olMG cells confers
regenerative responses similar to those of zebrafish MG (drMG) cells. Thus, a single,
cell-autonomous factor reprograms olMG cells and establishes a regeneration-like mode.
Our results position medaka as an attractive model to delineate key regeneration factors
(e. g. Lust et al., 2016) with translational potential.
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Planned research and new directions

In the coming years, | plan to merge the population genomics approaches and the studies
on stem cells and regeneration to address their relevance in the context of environmental
conditions. We will expand the panel in its width and will establish new and complementary
inbred lines. In parallel we will integrate new features into the existing panel and will
employ Crispr/Cas to engineer a unique and highly efficient PhiC31 landing site (Kirch-
maier et al., 2013) into a fully accessible locus (UBI-one) in each of the 120 inbred lines.
This will facilitate the use of established assays in a fully comparable context, in the
absence of different position effects either in the individual fish lines or in cell lines derived
from them.

We will take advantage of the population genomics resource and establish further high

throughput phenotyping pipelines to quantify regenerative and stem cell related pheno-
types. One particular focus will be on the interplay between stem cells and the immune
system, an unexpected and tight interconnection that we recently uncovered.

Another novel aspect of our work in the present years related to the medaka heart and the
contribution of genetic and environmental factors to heart function at post-embryonic
stages. GWAS on heart phenotypes is most advanced and we will use the heart as model
for validating the relative contribution of individual SNPs to the heart phenotypes. We will
first take advantage of newly established tools to map regulatory elements from human to
medaka (Dolle et al., 2015), in particular now incorporating the information provided by
the sequenced genome of bridging species like the spotted gar.

Taken together our approaches will be directed towards ultimately allow addressing the
relative contribution of multiple factors and will be a first step towards addressing the
genetics of individuality in different contexts.

Selected publications since 2013
Number of peer-reviewed articles 2013-2017: 39, number of citations 2013-2017: 421,
h-index (2013-2017): 13, total h-index: 44 (according to Thomson Reuters).
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Brief summary of work since 2013

Efforts have been undertaken to reduce environmental contamination and to improve
water quality. A huge body of regulations has been installed, and environmental compart-
ments are now subject to regular control. However, despite such improvement, fish
populations still show deficits. The reasons being manifold, specifically acting anthropo-
genic trace contaminants are being considered as candidate reasons. Since current
surveillance is mainly based on acute toxicity testing and combination effects are likely to
be overseen, there is a need to develop more subtle procedures to elucidate trace
contaminants. Given that animal-free testing receives increasing attention, fish testing
should be replaced by cell culture and embryo testing. Our major goal is to develop a test
battery based on fish cells and embryos that allows the detection of multiple endpoints.

Major contributions since 2013

Teratogenicity testing with fish: Establishment and optimization of staining techniques to
visualize cartilage and bone formation in early zebrafish development (Strecker et al.
2013). Investigations into effects of solvents and emulsifiers (Kais et al. 2013) as well as
into the permeability of the zebrafish chorion (Pelka et al. 2017).

Neurotoxicity testing: Within BMBF-RiSKWa, Tox-Box was launched to enhance the
existing GOW-concept through development of end point-related testing strategies
(genotoxicity, neurotoxicity, germ cell damage, endocrine effects; Eckhardt et al. 2017,
Grummt et al. 2013). Together with classical acetylcholinesterase testing (Kais et al. 2015),
retina, olfactory epithelium and neuromasts were investigated as model for toxicity
assessment (Braunbeck et al. 2015, Stengel et al. 2017).

Endocrine disruption: With the maturity index, a novel tool to quantify sex determination
and sex reversal of fish (Baumann et al. 2013) has been established for female (Baumann
et al. 2014a) and male fish gonads (Baumann et al. 2014b).

Biotransformation capacities in fish cells and fish embryos: Normalization of EROD activity
to cellular metabolic activity by a modified MTT assay and introduction of metabolic cell
equivalents based on MTT data rather than protein contents allowed to significantly
improve EROD quantification and cytotoxicity testing in fish-based systems (Heinrich et al.
2014).
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Genotoxicity testing: Two-generation exposure was used to elucidate the environmental
relevance of genotoxic effects in fish (FaBbender & Braunbeck 2013).

Figure 1

In vivo visualization of neuromasts
in the head region of a 96 hpf
zebrafish embryo: 30 min double-
staining with 0.005 % DASPEI
(pink) as a marker of mitochondria-
rich cells and 0.1% DAPI (blue).
Among potential positive controls
(copper sulfate, neomycin, paraox-
on-methyl), 96 h exposure to
copper sulfate leads to the most
prominent concentration-depend-
ent decline in stainable neuromasts
(from Braunbeck et al. 2015).

Figure 2

Zebrafish (Danio rerio) neurocrani-
um (A), lateral view of all head carti-
lages (B) as well as the pharyngeal
skeleton (C) at 144 hpf, modified
from Kimmel et al. (2001). D - F
show photomicrographs of stained
zebrafish larvae focused to the
corresponding cartilage and bone
elements. Cartilages are stained
blue (alcian blue) and bones red

Sediment toxicity testing based on fish embryo toxicity testing: As a spin-off of former (alizarin red; from Strecker et al.

2013).
collaborations, screening programs based on zebrafish embryo testing have been
implemented in Brazil and New Zealand (Bluhm et al. 2104, Boehler et al. 2017, Heinrich
etal. 2017, Otte et al. 2013, Seiler et al. 2014, Schulze et al. 2014, 2015, Suarez-Rocha
et al. 2015).
Substance-specific toxicity testing with fish cells and embryos focused on estrogenic
compounds (Baumann et al. 2013, 2014a, b), polynuclear aromatic hydrocarbons
(Heinrich et al. 2014, Otte eta. 2013, Seiler et al. 2014, 2015, Schulze et al. 2014) and
microplastic particles (Batel et al. 2016).
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Figure 3
. v A Photomicrographs of zebrafish
1 - R ? ‘., (Danio rerio) head after exposure to
- i : ™ various concentrations of disulfiram.
mo o m e Cartilages are stained blue (alcian
E E G H blue) and bones red (alizarin red;
from Strecker et al. 2013).

Planned research and new directions

Future directions of research will continue our efforts to develop the zebrafish embryo as a
general model in ecotoxicology and toxicology. Further refinement of the fish embryo test
will be directed towards attempts to at least partially replace teratogenicity testing with
mammalian species. For this end, e.g., further investigations designed to more compre-
hensively describe the bioactivation potentials of fish embryos will be necessary. Additional
endpoints to be incorporated into the fish embryo testing strategy cover more specific
mechanisms of bioactivation, teratogenicity, neurotoxicity and immunotoxicity.



178

REPORT 2014-2017
Research Groups

Selected publications since 2013
Number of peer-reviewed articles 2013-2017: 28, number of citations 2013-2017: 239,
h-index (2013-2017): 9, total h-index: 42 (according to Thomson Reuters).

Batel, A., Linti, F., Scherer, M., Erdinger, L. and Braunbeck, T. (2016). Transfer of
benzol[alpyrene from microplastics to Artemia nauplii and further to zebrafish via a trophic
food web experiment — CYP1A induction and visual tracking pf persistent organic
pollutants. Environ. Toxicol. Chem. 35, 1656-1666.

Braunbeck, T., Kais, B., Lammer, E., Otte, J., Schneider, K., Stengel, D. and Strecker, R.T.
(2015). The fish embryo test (FET): origin, applications, and future. Environ. Sci. Pollut.
Res. 22, 16247-16261.

Busquet, F., Strecker, R., Rawlings, J.M., Belanger, S.E., Braunbeck, T., Carr, G.J., Cenijn,
P., Fochtman, P., Gourmelon, A., Hubler, N., Kleensang, A., Knobel, M., Kussatz, C.,
Legler, J., Lillicrap, A., Martinez-Jerénimo, F., Polleichtner, C., Rzodeczko, H., Salinas, E.,
Schneider, K.E., Scholz, S., van den Brandhof, E.-J., van der Ven, L.T.M., Walter-Rohde,
S., Weigt, S., Witters, H. and Halder, M. (2014). OECD validation study to assess intra- and
inter-laboratory reproducibility of the zebrafish embryo toxicity test for acute aquatic toxicity
testing. Reg. Tox. Pharm. 69, 496-511.

Otte, J.C., Keiter, S., FaBbender, F., Higley, E.B., Suares Rocha, P., Brinkmann, M.,
Wahrendorf, D.-S., Manz, W., Wetzel, M.A., Braunbeck, T., Giesy, J.-P., Hecker, M. and
Hollert, H. (2013). Contribution of priority PAHs and POPs to Ah receptor-mediated
activities in sediment samples from the River Elbe Estuary, Germany. PLoS ONE 8(10),
e75596.

Scholz, S., Sela, E., Blaha, L., Braunbeck, T., Galay-Burgos, M., Garcia-Franco, M.,
Guinea, J., Kltver, N., Schirmer, K., Tanneberger, K., Tobor-Kapton, M., Witters, H.,
Belanger, S., Benfenati, E., Creton, S., Cronin, M.T.D., Eggen, R.I.L., Embry, M., Ekman,
D., Gourmelon, A., Halder, M., Hardy, B., Hartung, T., Hubesch, B., Jungmann, D., Lampi,
M.A., Lee, L., Marc Léonard, M., Kister, E., Lillicrap, A., Luckenbach, T., Murk, A.J.,
Navas, J.M., Peijnenburg, W., Repetto, G., Salinas, E., Schttrmann, G., Spielmann, H.,
Tollefsen, K.E., Walter-Rohde, S., Whale, G., Wheeler, J.R. and Winter, M.J. (2013). A
European perspective on alternatives to animal testing for environmental hazard identifica-
tion and risk assessment. Regul. Toxicol. Parmacol. 67, 506-530.



PROJECT LEADER
DR. LAZARO CENTANIN

DR. LAZARO CENTANIN

Centre for Organismal Studies COS Heidelberg
Department of Developmental Biology/Physiology
Heidelberg University

69120 Heidelberg, Germany

Tel.: 06221 54-6253
Fax: 06221 54-5639
E-Mail: lazaro.centanin@cos.uni-heidelberg.de

Fields of Interest

Stem Cells and their Niches, Coordination of Growth Within
and Among Vertebrate Organs, Lineage Relations,
Phenotypic Variation, Fish Genetics and Metabolism.

Brief summary of work since 2013

Fish are growth machines: they grow during their entirely post-embryonic life, well beyond
acquiring sexual maturation. Permanent growth comes with major challenges: new cells
need to be incorporated to already functional organs, and the extent of growth of each
organ has to match that of the entire fish. In my lab, we focus on post-embryonic stem
cells and their coordination within and among different organs. We use the neuromasts of
the lateral line and the fish gills to address stem cell mediated coordination at different
scales. Our work on the neuromasts (Figure 1) explores the activity of stem cells in real
time and in their endogenous niche. Our work on the gills (Figure 2) focuses on the
short- and long-range coordination of independent stem cells.

Major contributions since 2013

Tools for lineage analysis. We have generated a living toolkit (Centanin et al., 2014) which
consists of transgenic lines expressing LoxP-mediated fluorescent proteins (Gaudi®*,
Gaudif®¥, Gaudi®®8%), and inducible drivers (Gaudiv?@CRe Gaudirs*70¢¢). These were used
in collaboration with Jochen Wittbrodt to address stem cells in different organs, (Centanin
et al. 2014, Lust et al. 2016, Aghaallaei et al. 2016).

Life-long organogenesis. The posterior lateral line (pLL) system adapts to the growing fish
body by generating new neuromasts — new entire organs. We found that in medaka,
individual cells leave the organ, group with cells coming from a neighbour neuromast and
migrate to their final location to start differentiation (Seleit et al, 2017). We also found that,
while most fish use two primordia to set up two pLLs, medaka utilise just one primordium
to generate two parallel pLLs (Figure 1)(Seleit et al, 2017), which constitutes a fascinating
model to explore the evolution of developmental modules.
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Figure 1

Independent Lineages in the
Neuromasts of the Lateral Line.

(A) The lateral line in composed of
neuromasts, which are exposed to
the surface and allow 4D imaging.
(B-C) The neuromasts contain two
independent lineages, the one
including neural stem cells, support
cells and neurons (B) and the other
consisting on neuromast border
cells (C).

Figure 2

Massive Growth in the Fish Gills.
Medaka gills (A, left) are composed
of four pairs of branchial arches
(the right most anterior is highlight-
ed). Each branchial arch (A, middle
left) contains an ever-increasing
number of filaments (A, middle
right). Lamellae (A, right) are the
functional respiratory unit of the
organ, and they protrude from the
internal core of the filament. The
post embryonic gill grows massively
(B) and display a fast turn over rate
(C) from proliferating cells distrib-
uted along the longitudinal axis of
the filament.

Generation of composite organs. Most organs consists of cells from different embryonic
origins. We found that neuromasts are composed of two independent lineages: a neural
lineage and a border cell lineage (Figure 1). Applying a 4D approach, we revealed that the
neural lineage induces the transformation of skin epithelial cells to form border cells,
which operates as a structural niche (Seleit, Kraemer et al, 2017). We are currently
exploring the molecular cues mediating fate-transformation and niche induction.

Permanent Growth. We are using medaka gills to understand the rationale of stem
cell-mediated growth. We have identified fate-restricted growth stem cells that locate to the
growing tip of filaments (Figure 2), and homeostatic stem cells with a different location. We
are exploring molecular differences between these two pools of stem cells.

Branchial Arch Filoment  Lomelloe

Renewal

18l - 3 days
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Planned research and new directions

Fish constitute an animal model perfectly suited to tackle how stem cells drive coordinated
growth, and to identify molecular cues that might disrupt that coordination. We have
genetic tools to explore many aspects of stemness, and will combined them with live
imaging and experimental embryology. Our main focus will be on short and long range
coordination among stem cells, and we will perform RNA seq to characterise growth
coordination molecularly within the gills and the neuromasts. An unexplored aspect of both
systems is their dramatic phenotypic variation when fish are grown at different conditions
(temperature, salinity, water flow), and we plan to use them to tackle stem cell mediated
developmental plasticity.

Selected publications since 2013
Number of peer-reviewed articles 2013-2017: 9, number of citations 2013-2017: 65,
h-index (2013-2017): 5, total h-index: 11.
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Brief summary of work since 2013

How the development of complex multicellular organisms is accomplished through
coordinated cell proliferation, differentiation, and growth is a fundamental biological
question. In animals, stem cell maintenance and cell identity specification are in part
controlled by the extracellular matrix (ECM). The rigid, yet dynamic ECM of plants, the cell
wall, is known to guide morphogenesis through selective restriction of cell expansion. To
control growth, but also to respond to extrinsic perturbations, cell wall state is believed to
be under constant surveillance by cell surface receptors connected to intracellular
signalling. However, very little is known about how cell wall properties are sensed, how
signals are transduced, and how cell wall-mediated feedback signalling intersects with the
regulatory mechanisms of plant development. Recently, we discovered a pathway
connecting cell wall surveillance with the well-described signalling pathway for growth-
regulatory brassinosteroid hormones. Central to this signalling integration is a plasma
membrane-localized receptor protein, which associates with the cell wall and is able to
interact with the brassinosteroid receptor complex, promoting its activity. This allows cells
to integrate information pertaining to the state of the ECM with intracellular growth
regulation. However, the role of ECM surveillance goes beyond ensuring cell wall homeo-
stasis during growth. For example, stress responses, cell differentiation, and cell fate
decisions are affected by cell wall signalling, suggesting broad-range functions of cell
wall-mediated feedback. Consistent with this, we discovered distinct, cell type-specific
responses to a change in cell wall state, demonstrating the plasticity of the regulatory
wiring integrating growth, differentiation, and cell fate.

Major contributions since 2013

Cell expansion in plants is mediated by regulated and selective loosening of the cell walls,
which comprises breaking of load-bearing bonds and subsequent displacement of cell wall
polymers. In this view, cell wall integrity is challenged by growth itself. Thus, cell wall
homeostasis mechanisms must ensure that the individual cell wall polymers are present in
the correct amount and modification state, tailored for any given developmental state.
Recently, we have shown that feedback signalling from the wall can modulate the outputs
of the well-known brassinosteroid (BR) signalling pathway, ensuring cell wall homeostasis
and integrity. When cell wall integrity is compromised, BR signalling is rapidly activated.
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Figure 1

Model of signalling integration
between RLP44-mediated cell

wall and BR signalling. Upon
triggers from the cell wall, RLP44
is capable of interacting with the
BR receptor complex composed

of BRI1 and BAKL. This leads to
enhanced BR signalling strength
and transcriptional activation of cell
wall biosynthesis and remodelling
genes. RLP44 is not itself part of
BR signalling, but provides lateral
input into the pathway, presumably
incorporating feedback information
about the state of the cell wall.
Therefore, RLP44 is potentially able
to uncouple, at least temporally,
BR signalling strength from the
negative feedback on BR biosyn-
thesis exerted by the transcription
factors BZR1 and BES1/BZR2. This
molecular circuitry is thus capable
of ensuring cell wall homoeostasis
during growth but also of tuning
BR signalling strength according
to feedback signals reporting on,
for example, the cell wall state as

a readout for the differentiation
status of the cell (modified from
Wolf 2017).

This, in turn, results in altered expression of cell wall modifying enzymes and, ultimately, in
altered cell wall properties. We have identified a receptor-like protein (RLP44) which
mediates integration of cell wall and BR signalling in response to cues in the wall. Mutants
in RLP44 are affected in development and show hypersensitivity to cell wall-related stress
conditions. Expression of RLP44 is sufficient to activate BR signalling and this activation is
mediated by direct interaction of RLP44 with both the regulatory co-receptor BAKI and
the BR receptor protein BRI1, possibly in a ternary complex. Conversely, RLP44 is
post-translationally regulated through phosphorylation by the BR receptor complex, adding
another layer of feedback control to fine-tune cell wall-triggered BR signalling. Phosphoryl-
ation is required for the function of RLP44 as non-phosphorylated mutant versions are not
able to rescue RLP44 loss-of-function mutants. Interestingly, phosphorylation controls the
subcellular localization of the protein through interference with its internalization. Conse-
quently, mutant versions of RLP44 that mimic the phosphorylated state are hyperactive
and constitutively present at the plasma membrane, the location of BR receptor complexes
actively involved in ligand perception and signalling.
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One of the consequences of activated BR signalling is the promotion of the biosynthesis of
the pectin component of the cell wall, together with the upregulation pectin-modifying
enzymes. As it was discovered in conditions limiting the activity of those enzymes and is
able to physically associate with cell wall pectins, RLP44 seems to form the core of a
feedback mechanism ensuring cell wall homeostasis. We assume that RLP44 is seques-
tered by the wall when pectate binding sites are available, but is released form the wall
when those binding sites become limiting. In this situation, RLP44 would be free to
interact with, and promote the activity of, the BR receptor complex (Figure X). Recently,
we could reveal a surprising physiological role of this feedback mechanism: the mainte-
nance of cell fate. Mutants of RLP44 and BRI1 show premature differentiation of procam-
bial cells into tracheary elements adjacent to existing xylem in the root stele, suggesting
that RLP44-mediated signalling controls tissue boundaries. Strikingly, this role is inde-
pendent of classical BR signalling outputs and target genes, demonstrating the involve-
ment of a BR receptor-dependent, but BR signalling-independent pathway in the
maintenance of cell fate. Accordingly, RLP44 is able to interact with other members of the
large family of plant receptor-like kinases known to be involved in development and
presumably responsible for cell fate maintenance. In this view, RLP44 not only integrates
cell wall and BR signalling, but also bridges receptor-like kinase pathways previously
thought to be independent to fine-tune developmental outcomes.
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Consistent with the emerging theme of an involvement of cell wall signalling in the control
of cell fate, we discovered that the response to cell wall perturbation varies greatly between
tissues. The identification of feedback signalling mechanisms often requires using
brute-force approaches to overcome the phenotypic buffering capacity of homeostatic
mechanisms and compensatory responses. To this end, we have started to devise a
flexible, tissue-specific, and inducible expression system based on trans-activation that
can be easily adapted to a large number of desired cell wall modifications. We have
established transgenic driver lines using, in total, >20 tissue-specific promoters, and >10
responder lines expressing cell wall effectors, which together will be made available as a
community resource. Using this inducible, cell type-specific expression system in the root,
we classified the responses to cell wall perturbation on the organ, tissue, and cellular level,
and revealed that the organization of the stem cell niche in the root is particularly depend-
ent on tight control of cell wall properties. Interestingly, this particular phenotype seems
unrelated to the pectate-RLP44-BR receptor signalling module we previously identified.
This suggests the existence of additional pathways integrating the perception of cell wall
state of mechanical signalling with the maintenance of cell identity.

Figure 2

Control of cell wall properties is
required for normal plant devel-
opment. Inducible expression of a
cell wall-modifying protein in xylem
pole pericycle cells (B) results in
ectopic formation of protoxylem
(arrows) and reduction of meristem
size in the root compared to the
control (A). (C-E) Above-ground
development shows severe defects
such as an overproliferating vege-
tative meristem (C), delay of floral
transition, and supernumerary floral
organs (E, arrows) compared to the
wildtype control (D).
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Planned research and new directions

Our long term goal is to define a mechanistic framework of cell wall signalling-mediated
control of cell wall homeostasis, cellular mechanics, growth coordination and cellular
behaviour. Using a variety of cell biological and genetic methods, we study how the cell
wall controls signalling to the cell interior and characterize the consequences of these
signalling processes at the cell and tissue level. In addition, using genetic screens and
various biochemical approaches, we want to identify novel components of cell wall
signalling to gain a molecular understanding of the cell wall and its function in the control
of development adapted to environmental conditions.

Building on our recent discoveries, we want to decipher how cues from the wall are
processed by intracellular networks and how cell identity impacts on the response to this
cues. Conversely, we intend to explore to which extent feedback signalling form the
extracellular matrix contributes to the regulation of cell fate, concentrating on the root and
shoot stem cell niche. To this end, we will investigate cell autonomous and non-cell
autonomous responses to cell wall cues using cell type-specific transcriptome analyses.
We will follow cell identity signature based on transcriptome data, as well as life-imaging of
cell identity markers to reveal how cell wall-related signalling intersects with cell fate
maintenance. We expect this approach to provide information about the cell identity
regulators targeted by cell wall signalling as well as reveal potential integration with known
pathways. Moreover, we will identify candidate loci putatively involved in the response to
cell wall alteration and cell identity maintenance.

In addition, we will continue our work on RLP44-mediated signalling, focusing on i)
elucidating the mechanism of cell wall perception and the consequences of cell wall
interaction for signalling outputs, ii) deciphering the biochemical events during RLP44-
induced BR receptor activation, and iii) revealing the signalling outputs of signalling
pathway integration mediated by RLP44. We intend to extend this approach to RLP44
relatives which might act redundantly or together with a distinct spectrum of plasma
membrane receptors.

Independent of these projects, we continue to be interested in identifying novel compo-
nents of cell wall signalling through forward and reverse genetic methods. We have
recently adopted a candidate approach testing evolutionarily conserved membrane-bound
proteins with putative cell wall interaction domains in parallel with our efforts to identify
genes involved in cell wall signalling pathways from suppressor screens in cell wall-
challenged genetic backgrounds.

Selected publications since 2013
Number of peer-reviewed articles 2013-2017: 6, number of citations 2013-2017: 666,
h-index (2013-2017): 14, total h-index: 14 (according to Thomson Reuters).

Golfier P, Volkert C, He F, Rausch T, Wolf S (2017). Regulation of secondary cell wall
biosynthesis by a NAC transcription factor from Miscanthus. Plant Direct. DOI: 10.1002/
pld3.24

Wolf S (2017). Plant cell wall signalling and receptor-like kinases. Biochem J. 474,
471-492.

Pacheco-Villalobos D, Diaz-Moreno SM, van der Schuren A, Tamaki T, Kang YH, et al.
(2016). The Effects of High Steady State Auxin Levels on Root Cell Elongation in
Brachypodium. Plant Cell 28: 1009-1024

Wolf S, van der Does D, Ladwig F, Sticht C, Kolbeck A, et al. (2014). A receptor-like
protein mediates the response to pectin modification by activating brassinosteroid
signaling. Proc Natl Acad Sci U S A 111:15261-6

Wolf S, Hofte H. (2014). Growth Control: A Saga of Cell Walls, ROS, and Peptide
Receptors. Plant Cell 26:1848-56
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3.1 NIKON IMAGING CENTER
AT HEIDELBERG UNIVERSITY
LIGHT MICROSCOPY FACILITY

The Nikon Imaging Center is lead scientifically
by Dr. Ulrike Engel and Prof. Dr. Thomas Holstein

Brief summary of work since 2013

The Nikon Imaging Center at Heidelberg University (NIC@Uni-HD, or NIC) offers advanced
light microscopy on campus since 2005. The facility is based on a collaboration between
the University and the company Nikon, where Nikon sponsors the majority of the instru-
mentation. We have so far trained approx. 1150 researchers and supported them in their
projects. We cover a wide range of fluorescence techniques on currently 13 instruments
(Table 1), which researchers can work on independently once they have received training.
A team of 3 postdoctoral scientists headed by Dr. Ulrike Engel trains researcher on
equipment and gives guidance in assay development and data analysis (460 training
sessions in last 5 years). After initial training, researchers gain access to instrumentation
24/7 through an online booking system. In addition, we give in depth support in projects
focused on cell biology and developmental biology. In the last 5 years the NIC has
supported more than 100 publications.

Major contributions since 2013

The Nikon Imaging Center at Heidelberg University provides access to advanced light
microscopy (for list of instrumentation see Table 1). Application range from in-vivo imaging
to subcellular dynamics, FRAP and FRET. We established long term imaging in the
zebrafish brain on collaboration with the group of Matthias Carl (Medical University
Mannheim) that allowed us to follow neuronal migration and axonal projections over 4 days
(Beretta et al. 2017, Dross et al. 2014). Long term imaging was combined with photocon-
version (Beretta et al, 2016) and laser ablation of single cells or small clusters, an
approach reused in another collaboration in Medaka (Seleit et al. 2017). While this and
other studies were aimed at looking at the interaction of cells in a tissue, the NIC hosted
many studies that looked at subcellular localization and dynamics. Spinning disk micros-
copy was used for virus uptake studies and viral protein binding (Herold et al. 2014, Meier
et al 2013) while we used laser scanning confocal microscopy for many other studies (e.g.
Wolfowicz et al. 2016, Beckmann et al. 2015, Schrenk-Siemens et al. 2015). For super-
resolution, the NIC offers structured illumination with up to 4 channels (Rathnick et al in
press, Kurtulmus et al. 2016, Cerikan 2015, Engel 2014).

While the NIC belongs to the COS, it radiates beyond the boundaries of the institute, with
users from the BZH, Virology, Pharmacology, IZN and groups of the DKFZ. Of the 64
groups that are currently active at the NIC, 33 belong to the medical faculty and only 16 to
COS. As an imaging hub, the NIC has taken part or is part of several research initiatives
since 2013: SFB 873 (Maintenance and Differentiation of Stem Cells) and the newly
founded SFB1324 (Mechanisms and functions of Wnt signaling), both with many groups
from the COS. The NIC is part of the excellence cluster CellNetworks and has profited from
its open equipment funding calls (2013-2017: Euro 340.000). In collaboration with the
SFB 1134 (Functional Ensembles) we have acquired a light sheet microscope for imaging
of cleared organs and embryos. This was installed in 2017 and we are now able to acquire
3D images of entire mouse brains (Fig. 1). This system bridges the gap between low
resolution whole animal imaging and laser scanning confocal microscopy.



190

REPORT 2014-2017
Core Facilities

Figure 1

Light sheet image of Thy-1-GFP
expressing mouse brain. The entire
brain was optically cleared and
imaged in a benzylethanol benzyl-
benzaote mixture (BABB). (A)
3D-rendering of image stack (3mm
x 3mm x 1.25 mm) with z-position
shown in color. (B-C) Details at
postion b and c, respectively
(Projections of 100um). Scale bar is
0.5 mm. Specimen by courtesy of
Tina Sackmann (Draguhn lab).

Table 1: Microscopes available in the Nikon Imaging Center

Type Number of
instruments

Light sheet
microscope

Inverted wide field
fluorescence
microscope

TIRF

Wide field
FRET-FLIM

Laser scanning
confocal
microscope

Spinning disc
confocal
microscopes

2-photon
microscope on
intravital
microscospe

Structured
illumination for
superresolution
Biostation for time
lapse microscopy

Upright wide field
fluorescence
Automated
stereomicroscope
with fluorescence

Short description

Light sheet microscope for specimen up to 10mm with dipping lenses equipped
for clarity, BABB or for living samples in aqueous medium.

Automated inverted microscope for time lapse acquisition with perfect focus
system (Nikon Ti2), 7 channels (multiple fluorescent proteins, FRET, Fura).
Cameras include EMCCD (Andor iXon) and dual sSCMOS (2 Andor sNEO on TuCAM)

Total internal reflection fluorescence (TIRF) microscope with triggered acquisition
and single molecule sensitivity. FRAP with 10 ms switching time to acquisition.
Laser lines: 405nm, 440 nm, 488 nm, 514 nm, 561 nm, 640 nm

Fluorescence Life Time Imaging Microscopy (FLIM) based on frequency domain
on a sensitized CCD camera. Speed at 1000x1000 pixel resolution up to 1 fps
(multiple image acquisition). Can be used for FRET pairs CFP-YFP and
GFP-mCherry.

Laser scanning confocal systems (Nikon C2 and Nikon A1R) on an automated
inverted microscope (Ti2) with perfect focus and and multipoint acquisition. On
AIR resonant mode as well as GaAsP-detectors and spectral detector are
available. Laser lines: 405, 488, 514, 561 nm.

Spinning disk confocal systems with sensitive EM-CCD detection (Perkin Elmer
Ultra-View ERS and Vox) on inverted microscope for high resolution cellular
dynamics. Fast z-acquisition with objective piezo and 2 ms laser switching. On
Vox, dual camera acquisition is available. On Ultra-View, FRAP and photoactivation
is available. Laser lines: 405, 440, 488, 514, 561, 640 nm

2-photon system (LaVision Biotec) on upright fix-stage microscope (Nikon FN-1)
for physiological deep-in-tissue observation. Detection on non-descanned
all-GaAsP ultra-sensitive-PMT port (4 channels). Exciation of UV-dyes (fura) up to
red fluorescent proteins (e.g. mCherry). OPO avaible for deep-red fluorophores.
Equiped for 2P-FLIM.

Nikon structured illumination microcope (N-SIM) for multichannel imaging with a
lateral resolution of 110nm. 2D-SIM, 3D-SIM and TIRF =SIM illumination modes
are available. Laser lines: 405, 488, 561, 640

Environmental (37C, 5% CO2) enclosed microscope with multipoint acquisition for
fluorescence and brightfield observation over 100 hours, e.g. for evaluation of
cellular phenotypes of RNA..

Upright microscope (Nikon NiE) with automated z and 6-channel acquisition as
well as multipoint and stitching

Stereomicroscope for fluorescence imaging
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Planned research and new directions

Mechanistic data by single molecule imaging or endogenous expression: The NIC aims to
contribute mechanistic data by studying single molecules, or ensemble studies that rely on
endogenous expression level rather than overexpression. To this end, the NIC will work
together with the community to broadly spread light efficient labeling techniques (Snap-, or
Helo Tag), click chemistry or novel brighter FPs (mScarlet, Turquoise3 etc), tools which are
already used by experts on campus. To increase its expertise in FCS and single molecule
measurements, the NIC will profit from interaction with Prof. U. Nienhaus (KIT) in a shared
Z-project part of SFB1324 on mechanisms of wnt signaling. Also, our TIRF system has
been upgraded to 4 lasers and a FRAP unit. This system is equipped for single molecule
studies and with the addition of the FRAP is now able to perform photoactivation and
sensitive protein mobility measurements (needed for example for endogenous expression
in yeast).

FLIM-FRET for protein-protein interaction: We are in the process of evaluating fluorescent
protein FRET pairs for high contrast in life time response. We tested this on our existing
frequency domain FLIM (wide field) instrument. Currently the NIC has a 9 months loan of
the Picoquant FLIM and FCS module installed on the advanced laser scanning confocal
microscope.

Light sheet microscopy: In 2017 we have installed a light sheet microscope with 3 laser
lines for imaging of organs and embryos. This system, which is funded by the CellNet-
works equipment program and SFB1134 is particularly well suited for big specimens,
which are chemically treated for optical transparency (clearing). The current system can
image specimen up to 5-10 mm at cellular resolution. We see a high potential for SPIM
also for subcellular dynamics. The NIC is currently evaluating user-friendly SPIMs for live
imaging with subcellular resolution, such as an inverted SPIM.

Selected publications since 2013
Publications supported by the NIC (as acknowledged in article) or with co-authorship.
Total publication 2013-2017: 100. Number of citations and h-index not available.

Seleit, A., Kramer, |., Ambrosio, E., Dross, N., Engel, U., and Centanin, L. (2017).
Sequential organogenesis sets two parallel sensory lines in medaka. Development 144,
687-697.

Beretta, C.A., Dross, N., Guglielmi, L., Bankhead, P., Soulika, M., Gutierrez-Triana, J.A.,
Paolini, A., Poggi, L., Falk, J., Ryu, S., et al. (2017). Early Commissural Diencephalic
Neurons Control Habenular Axon Extension and Targeting. Curr. Biol. 27, 270-278.

Wolfowicz, |., Baumgarten, S., Voss, P.A., Hambleton, E.A., Voolstra, C.R., Hatta, M., and
Guse, A. (2016). Aiptasia sp. larvae as a model to reveal mechanisms of symbiont
selection in cnidarians. Sci. Rep. 6, 32366.

Beckmann, A., Xiao, S., Muller, J.P., Mercadante, D., Nuchter, T., Kroger, N., Langhojer, F.,
Petrich, W., Holstein, T.W., Benoit, M., et al. (2015). A fast recoiling silk-like elastomer
facilitates nanosecond nematocyst discharge. BMC Biol. 13, 3.

Chinen, T,, Liu, P., Shioda, S., Pagel, J., Cerikan, B., Lin, T.C., Gruss, O., Hayashi, Y.,
Takeno, H., Shima, T., et al. (2015). The gamma-tubulin-specific inhibitor gatastatin
reveals temporal requirements of microtubule nucleation during the cell cycle. Nat.
Commun. 6, 8722.
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3.2 ELECTRON MICROSCOPY
CORE FACILITY (EMCF)
DR. STEFAN HILLMER

DR. STEFAN HILLMER

Electron Microscopy Core Facility
Heidelberg University

69120 Heidelberg, Germany

Tel.: 06221 54-5610

Fax: 06221 54-6404

E-Mail: stefan.hillmer@urz.uni-heidelberg.de
Web: emcf.cos.uni-heidelberg.de/EMCF/

Fields of Interest

Plant cell biology, electron microscopy, high pressure
freezing, vacuole biogenesis, storage protein deposition,
lipid storage.

As mentioned in the previous COS-Report as a possible option for the future the Electron
Microscope Facility of the COS actually fused with the campus wide Electron Microscopy
Core Facility (EMCF) in 2014. The EMCF was founded originally in 2009 with funds from
CellNetworks and the medical faculty. It was first located in parts of the cryo-EM prepara-
tion space in the Bioquant building, but to better facilitate the use of the EMCF it was
decided to integrate the equipment for electron microscopy to a center at INF345. COS
agreed to support this independent facility with equipment and personal (S. Gold, Dr. S.
Hillmer) to supplement the facility. The EMCF now holds 2,5 scientific and 1,5 technical
positions in total. Lab space for users was set up at the new location and the standard
TEM formerly located at COS was also moved to INF345. Main technical focus at the
facility was and still is on routine thin section EM, including cryo-sectioning and immuno-
labeling as well as negative staining. During the past years additional techniques such as
scanning EM (and its sample preparation), sample preparation by high-pressure freezing
and freeze substitution and more recently correlative light and electron microscopy (CLEM)
as well as tomography on plastic embedded samples were established. The EMCF
provides the basis for electron microscopy studies on campus both in terms of equipment
and know-how. Essential services are education of the users to make optimal use of the
equipment for electron microscopy and maintenance of the available microscopes as well
as sample processing equipment. The educational goals are achieved by courses on
biological TEM for students on different levels, initial scientific project discussions, individual
user training and last but not least assistance with the interpretation of the EM images.
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3.3 DEEP SEQUENCING CORE
FACILITIY

The Deep Sequencing Core Facility is headed by David Ibberson
david.ibberson@bioquant.uni-heidelberg.de

Introduction

The CellNetworks Deep Sequencing Core Facility was opened in September 2010 to
provide access to Next Generation Sequencing technology, (NGS) for the Heidelberg
University research community. The core facility is supported by the Excellence Cluster
CellNetworks, the Centre for Organismal Studies (COS Heidelberg) and the Heidelberg
Molecular Life Sciences (HMLS) research council.

Personnel

The core facility has had to make changes to its’ personnel structure within the last two
years due to the long term sickness and the eventual sad passing away of Prof. Gabriele
Petersen in 2016. Currently the facility is headed by David Ibberson (MSc) with adminis-
trative and laboratory assistance coming from Claudia Loosli (former Muller). Since
December 2016 the core facility has been further reinforced with a new technician
Hannah Héanisch (MSc), to help with the increasing workflow we have experienced over
the last two years. It is hoped that with the restructuring the core facility can better cope
with the increased work flow and reduce waiting times for final results.

Core Facility Concept and Services Provided

The facility was founded with the idea not only to provide library preparation and sequenc-
ing for its’ users on campus but also to offer professional advice on how to implement NGS
into its’ users research. This advice has been widely taken up and has in some cases lead
to development of new protocols or the refinement of current »standard« protocols. In
addition it is widely recommended to speak with us before a project is started to clear up
any mis-conceptions about NGS which will inevitably save the researcher money and time.
With regards to services, the core facility offers a mixture of services for its’ users. The
main day to day activities revolve around the standard library preparation methods for
[llumina sequencing. However due to the high diversity in sample genome origin on
campus, and the fact reagents are tailored to samples originating from human and mouse,
the library preparations are often tailored to the individual group from which the samples
originate.

»Standard« Library Preparations on Offer:

— RNA-Seq (as of June 2014 all libraries are strand specific)
— Small RNAseq

— Chip-Seq

— gDNA-Seq (de novo, resequencing)

— Mate Pair (2.5 - 10.0 kbp mate pair)

— Target Enrichment

— Methyl-Seq / Bisulfite Sequencing

As mentioned previously the core facility is often called upon to help design new ap-
proaches and protocols to specific questions, eg 16S rRNA amplicon sequencing of
patients with Cystic Fibrosis to identify microbial community changes during therapy. Here
to enhance the power of the amplicon sequencing new ways to identify sources of bias
were required which led to the development of including molecular ids within the amplicon
sequence before this was available commercially. In other cases the core facility has been
called upon to establish new protocols which if proven successful can be applied to other
research areas and thus will be taken up as part of its’ sample preparation repertoire, eg
GuideSeq for HIV integration sites (currently under development).
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There have been other cases where logistically it is difficult for the core facility to perform
the library preparation themselves, but have helped in the establishment of group specific
protocols such as ChlPexo and CRACseq for the Tamas Fischer group of BZH. This has
now been widely »exported« within BZH to other research groups.

Sequencing and Collaboration with the Genomics Core Facility, EMBL

Since the end of 2013 / beginning 2014 the Deep Sequencing Labor has entered a highly
successful collaboration with the Genomics Core Facility, EMBL. This has been a mutually
beneficial collaboration which has resulted for both parties a reduction in waiting times for
sequencing results due to the higher input of samples. An optimal load on the sequencing
instruments (which in some cases truly is 100 % working load), this has had the positive
impact on keeping prices low when compared to an instrument in house. In addition there
is a very open communication between the two facilities even prior to the collaboration
which has meant the exchange of protocols, new product information and problematic
issues to the benefit of our users. This collaboration does not mean that the core facility no
longer performs the sequencing, on the contrary the facility is sequencing more than
previously and there are days where a member of the facility will be at the EMBL sequencing.

With regards sequencing up until the end of 2015 sequencing was being performed on
one of two instruments dependent upon the requirements of the user, this being the HiSeq
2500 or the MiSeq. Since Q4 of 2015 there has been the purchase of the NextSeq 500
sequencing instrument. The instrument has an extremely rapid turn-around time (when
one looks at individual run times) and due to the larger data output when compared to one
lane of the HiSeq 2000 it is actually in many cases cheaper than sequencing on the
HiSeq, especially when a user can increase the number of samples they load onto the
machine. Due to this instrument has proved highly popular during the year of 2016 to
such an extent that there will be soon three such instruments in place. Additionally the
NextSeq offers also in some ways more flexibility than the HiSeq a good example being
assymetric reads. A downside to the switch in instrumentation has been for certain
sequencing protocols extremely long waiting times, especially 125 paired end (PE) and 50
PE option on the HiSeq as these have generally been replaced by the 75 base PE on the
NextSeq. This has been to such an extent that 50 PE is no longer offered and 100 PE only
in special cases.

Sequencing Options on Offer:
1. NextSeq 500:
a. Mid-Output (ca 120 million reads raw data)
-75 and 150 PE.
b. High Output (ca 300 — 400 million reads raw data)
i. 75 SingleEnd (SE)
ii. 75and 150 PE.
2. HiSeq 2500 (ca 200 million reads raw data)
i. 50 SE
ii. By request 125 PE
3. MiSeq (ca 12 million reads raw data)
-36, 150, 250 PE

User Base, Access and Fees

2016 saw the busiest year of the core facility with over 50 users and nearing 1000
samples. The users came from a spectrum of institutes (see fig. 1), and sample numbers
have increased again (See fig. 2). It is anticipated that sample numbers will continue to
increase, especially from the medical faculties (this impression is gained after multiple
talks from group leaders from the clinics prior to Christmas 2016).

The following clientele can enroll as user of the facility:

— Members of Heidelberg University, including the Medical Faculties Heidelberg and
Mannheim

— Excellence Cluster CellNetworks

— Graduate school HBIGS (Hartmut Hoffmann Berling International Graduate School of
Molecular and Cellular Biology)

— HMLS (Heidelberg Molecular Life Sciences) members including DKFZ and EMBL.



The best way to contact the core facility is via e-mail: deepseglab@bioquant.uni-heidel-
berg.de
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The core facility unfortunately cannot operate on goodwill alone, and thus has a price
structure in place to recuperate costs incurred for library preparation and sequencing. The
fees can be requested from us at any time, and are regularly checked and corrected on a
6-8 month cycle.

Online Registration System

Since March 2017 the core facility has implemented an online registration system through
the provider iLabs. The main aim of the system was to provide a clearer overview to the
researcher as to where their samples are, ie at what stage they are in the process, and to
hopefully provide a more transparent pricing structure. These two have been the main
criticisms of the core facility which we are hoping through the implantation to alleviate. In
addition it is hoped to provide us with a better understanding of what our customers wish
for and that our customers can be better informed as to what services are on offer. To this
effect so far we have had less communications regarding sample submission, and there
has been less confusion as to what we can provide. We have also had very positive
feedback with regards the aims of the first two points and hope this will continue to be the
case.
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Figure 1
Chart showing sample origin by
institute.

Figure 2

Chart showing the number of
samples over the years.

*indicates years where multiple
samples were submitted for library
preparation under one submission
number, this has not been included
in the final numbers
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Conclusions and Future Direction:

The core facility has become a well utilized facility since its’ founding. We anticipate a
continued growth and demand for NGS on campus, and are well positioned to meet this.
Our main area of expertise is not the library preparation and sequencing per se but the
open attitude we have towards our users. We encourage an open dialogue and are able to
provide input to the experimental design required, including the design of novel solutions.
With the recent introduction of the iLabs system we hope to increase our transparency and
ultimately reduce the waiting times for sample preparation and data generation.

Selected Publications

Gutierrez-Triana JA, Mateo JL, Ibberson D, Ryu S, Wittbrodt J. (2016) DamIDseq and
iDear: and improved method and computational pipeline to prolific chromatin binding
proteins. Development 143(22)

A. Gumiero et al, (2016) Interaction of the cotranslational Hsp70 Ssb with ribosomal
proteins and rRNA depends on its liddomain. Nature Communications 7

S. Boutin et al. (2015) Comparison of Microbiomes from Different Niches of Upper and
Lower Airways in Children and Adolescents with Cystic Fibrosis. PloS One
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3.4 METABOLOMICS CORE
TECHNOLOGY PLATFORM

The Metabolomics Core Technology Platform is headed by Prof. Dr. Riidiger Hell
and managed by Dr. Gernot Poschet

FIELDS OF INTEREST

Targeted analyses, untargeted analyses, metabolite profiling, identification and quantifi-
cation, flux analyses, metabolic networks, development of analytical protocols for new
relevant metabolites

Brief summary of work since 2013

The Metabolomics Core Technology Platform (MCTP) was established by the Institutional
Strategy of the University in the Excellence Initiative |l program, together with the junior
research group »Plant Defense Metabolism« (Dr. Emmanuel Gaquerel). The MCTP mission
is to provide developmental and analytical services across the Heidelberg Molecular Life
Sciences including the non-university institutions DKFZ, MPImF, EMBL as well KIT. It aims
to improve the technical and scientific metabolomics approaches in Heidelberg, to develop
new analytical tools and to provide custom-made services for research projects. MCTP
accompanies projects in close cooperation from early development to publication and
funding applications. It is located in COS within the Department of Molecular Biology of
Plants.

Since 2013 more than 16.000 metabolite analyses were conducted for more than 60
research groups all over Heidelberg Molecular Life Sciences, clearly showing the strong
utilization as well as demand. Towards the most requested targeted analyses high
throughput protocols have been developed that now allow the quantitative determination of
more than 160 compounds. To this end, UPLC based separations (Waters) are combined
with UV/VIS, fluorescence, mass (Waters), conductivity and pulsed amperometric
detectors (Thermo Scientific). For un- or semi-targeted analyses a GC-MS system
(Shimadzu) was established, complemented by an UPLC system coupled to a XEVO QTof
MS (Waters). The latest addition (2017) is an UPLC system coupled to Vion IMS-QTof MS
(Waters) which promises high accuracy required for determinations in flux analyses.

Major contributions since 2013

With the beginning of this report period MCTP successively began to replace analytical
equipment that was used in the beginning and provided by the departments of Molecular
Biology and Molecular Ecophysiology of Plants (HPLCs, Fluorescence detectors, Anion
Analytics) by own equipment. Funding came from applications to competitive campus
wide instrument programs led by the Heidelberg Molecular Life Sciences (HMLS)
Research Council, the CellNetworks Cluster of Excellence and to a small extent from
faculty teaching funds due to MCTP’s strong teaching activities. These instruments are
mostly used for targeted analyses and at present constitute an important source of
revenues to maintain the facility.

Starting in 2015 a major campaign was launched to acquire a competitive mass spectro-
meter for untargeted analyses and flux measurements. This demand had been addressed
to MCTP and led to a joint project where players across campus contributed funds for the
acquisition. With decisive support by the rectorate of the university, it became possible to
collect contributions from COS, HMLS, CellNetworks, Collaborative Research Centres
(SFBs) 1036 and 1118, and the National Cancer Research Centre (DKFZ), and to develop
cooperation contracts that allow tax and DFG congruent operations. A Vion IMS-QTof MS
(Waters) was chosen because of superior properties of mass accuracy based on the newly
developed ion mobility separation feature.
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Figure 1

High and low energy spectra of
NAD (Nicotinamide adenine dinu-
cleotide) resolved (A) or unresolved

(B) by ion mobility separation (IMS).

Figure 2
VION IMS-QTof MS system coupled
to ACQUITY UPLC I-class system
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The instrument was installed in INF360 in March 2017 and will be ready for routine use in
July. To keep the MCTP up to date, this kind of intramural funding but in future also
extramural funding will be indispensable.

The financial situation of MCTP largely depends on internal funding of personal by the
Institutional Strategy of the Heidelberg Excellence Initiative. The extension of analytics
strongly increased sample numbers and bioinformatics demands. In addition to one staff
scientist and half time technician (Dr. Gernot Poschet, Eva-Maria Kdishammer-Lorenz;
funded by the Excellence Initiative) and one staff scientist funded by COS (Dr. Michael
Buttner), a half time technician (Lorenz Nowack) and 20 % administrative staff (Birgit
Maresch) were hired.
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Figure 3

Group photo MCTP, from left to
right: Dr. Michael Buttner, Eva-
Maria Késhammer-Lorenz, Lorenz
Nowack, and Dr. Gernot Poschet

The entire running costs need to be raised by user fees. To this end, a transparent cost
structure was developed in accordance with the university central administration and DFG
regulations. In this context, a new management system (iLab Operations Core Facility
Management Software, Agilent) was applied for by eight Core Facilities together and
funded by HMLS: This allows a first come, first serve organisation, tracking of samples and
processing for customer and staff, data archiving and billing. MCTP is represented in the
mass spectrometry panels at campus and Gernot Poschet is speaker of the HMLS core
facilities, allowing for coordinated planning of new instruments and cost structures.

Planned research and new directions

With respect to personal, MCTP needs to have a core group of permanent staff of a
minimum of two scientists, one engineer and one technician. The request for permanent
staff results from the long training required to achieve a professional and reliable analytical
level and from the simple fact that otherwise no qualified personal can be attracted or
kept. The present major financial support from the Institutional Strategy of the university’s
excellence initiative will come to an end 30.10.2019. Until then the facility needs to be
integrated into the campus wide concept of core facilities. This will be based on the next
round of excellence competition and the promised sustainability of part of the initiative by
the land Baden-Wurttemberg.

Work force for timely limited projects will be added by successful contribution to external
funding schemes such as Collaborative Research Centres (CRCs = SFBs). As an example,
MCTP was faced by considerable demand of customers for analyses of released glycan
structures of diverse sample matrices. These can be analysed by the recently acquired
high-resolution Vion LC-MS system. The missing solid-phase extraction system and a
sensitive fluorescence detector were funded by HMLS research council, enabling support
of the recently established DFG research unit »The concert of Dolichol-based Glycosyla-
tion: from Molecules to Disease Models« headed by Sabine Strahl (COS). MCTP currently
also contributes to a central project in the renewal of CRC1118 (Reactive metabolites as a
cause of diabetic complications; Medical Faculty). These approaches will be used to gain
equipment for novel applications (e.g. Triple Quadrupol MS system) and possibly bioinfor-
matics support and thus contribute to further increase the technical and scientific level of
MCTP for service functions.



204

REPORT 2014-2017
Core Facilities

Figure 4

Metabolite Profiling by GC/MS-
Analysis. Comparison of wild-type
and mutant plant profiles reveals
genotype-specific differences in
certain metabolites.
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The continuous challenge of MCTP by new requests of clients is the major driver of
innovation and guarantees the scientific advance of the facility. One major aim is to
establish flux analyses that are especially useful to determine mass distribution of
metabolites. For instance, carbon labeling is highly requested in tumor research where
unexpected specific alterations of the Warburg effect based on branched chain amino
acids may be suitable targets for new drugs. In addition, plant sciences are in high
demand for the analysis of metabolite fluxes combined with high resolution.

The technical portfolio of MCTP needs to be completed by one more instrument for
targeted metabolite analyses. Particularly regulatory metabolites are often of low abun-
dance or stability and therefore difficult to assess by mass spectrometry. The problem is
often exacerbated by small sample amounts, particularly when it comes to high resolution
at the cell type level following FACS. To address this challenge a Triple Quadrupole mass
spectrometer (MS/MS) is an essential requirement otherwise this important research
application cannot be handled at MCTP and not be provided as service at the Heidelberg
campus.

Selected publications since 2013
Number of peer-reviewed articles 2013-2017: 23
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3.5 BOTANIC GARDEN
AND HERBARIUM

History

The Botanic Garden was established in the vicinity of Heidelberg's famous castle as a
garden of medicinal plants in 1593 and is among the world’s oldest Botanical Gardens.
After several relocations, the Garden was reopened in 1915 at its present site. During
World War Il the entire greenhouse collection was lost to combat activities. The collections
were greatly enlarged under the directorate of Werner Rauh from 1960 to 1982. These
historic collections still form the basis of the Garden’s specimens. The affiliated Herbarium
HEID encompasses at least 50,000 species, represented by ca. 350,000 specimens with a
particular focus on South American taxa, especially from the Andes, and African taxa,
mainly from Madagascar and Kenya. The »old herbarium« collections originate from the
early 19th century. Significant parts of the »new herbarium« contains 50,000 specimens,
especially cacti, bromeliads, orchids and tropical ferns, collected by Werner Rauh and
colleagues. Approximately 30,000 vouchers can be attributed to the research activities of
its current director, Marcus Koch. HEID encompasses ca. 2,300 vouchers representing
type material of nearly 1,500 taxa. However, it is very likely that many more type specimens
can be identified in future. A major research and curatorial focus is on the Brassicaceae
family with its 4000 species and which is encompassing various important crops and
several of the most important plant model systems. For the entire family a species check
list has been released, a knowledge database system (BrassiBase) has been launched,
and the collections serve the community with reference material, germ plasm and
research data.

Mission, Objectives & Vision

The Mission of the Heidelberg Botanic Garden is the conservation and development of its
collections and promoting the discovery, understanding, responsible use and enjoyment of
plant biodiversity. The living collection with ca 13,000 accessions and the 350,000
specimens in the Herbarium are among the most important plant biodiversity archives in
Germany, actively used in internationally recognized scientific research programs.

Being one of the University’s leading visitor attractions, the Garden is also dedicated to
making biology as accessible as possible to the wider public. It does so by means of its
exhibitions as well as teaching and outreach programs. The Garden'’s vision is to be widely
acknowledged as an outstanding plant collection in Germany, valued by stakeholders as a
major scientific research facility and a as a centre for innovative public engagement with
plant science via its collections and expertise. Likewise, the Herbarium HEID is an active
research facility, regularly visited by international scientists to support their research
activities and loaning specimens for external research programs. Moreover, supporting
loan programs from other international Herbaria via HEID ensures that Heidelberg remains
a centre of evolutionary and biodiversity research.

General Collection Management & Development Policy — Living Collection

The collections — kept in greenhouses, outdoor gardens, and germplasm archives — meet
the full spectrum of research, educational, cultural, and conservation needs and can be
divided into specialized and non-specialized collections, in total representing nearly 5,500
species. Our specialized collections are of a size and significance that merits national and
international recognition, ideal suited to research: tropical orchids, bromeliads, succulent
plants, and Brassicaceae. Smaller non-specialized collections contribute to the diversity of
the collections in general and are primarily used for teaching and display purposes (e.g.
insectivorous plants, the arboretum). The main acquisition methods of the Garden are
plant or seed exchanges with other Gardens, and field collections. New plant material
should generally be from a collection in the wild or, if cultivated, from a known wild origin.
Provenances of newly included specimens must be known and must respect the Conven-
tion on Biological Diversity (CBD) and the Convention on International Trade in Endan-
gered Species of Wild Fauna and Flora (CITES) and other laws. The documentation of all
accessions is recorded in the database »Gartenbank« (currently ca. 13,000 accessions)
which is freely accessible. The collection is continuously monitored for specimens that are
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in conflict with the collection’s criteria and for unnecessary duplicates. Plants of garden or
unknown origin — especially in the core collection — are replaced with specimens of known
wild origin, preferably of direct wild origin. These processes are under permanent internal
evaluation and supervised by Andreas Franzke, curator of the living collections.

Major Achievements & Activities 2013-2017

Living Collection Development

The core collections orchids, bromeliads, and succulents are currently under the special
auspices of the Adminstrative District Gouvernmental Department at Karlsruhe, because
most of them are regulated by law but with uncertain status in official collections (Koch &
Kahl 2014).

The core collections (orchids, bromeliads, succulents) are currently under the special
auspices of the Adminstrative District Gouvernmental Department at Karlsruhe. Consolida-
tion of these historic collections (plus modern additions) was an important part of our work
over the last years and is still ongoing. This process involved the inventory clearance of
approximately 1,000 accessions. From a scientific curation perspective around 300 new
determinations or verifications, often by world leading experts of certain taxa, were made.
The documentation of over 1000 historic accessions (provenance research) was improved
significantly. Following long-term commitments in research and ex-situ/in-situ conservation
to contribute to the national and Federal State Baden-Wrttemberg strategy to protect and
improve the state of Europe's biodiversity over the next decade, key species such as
Cheddar Pink and Hardy Water Lily are under cultivation, accompanied by conservation
genetic and fitness screening studies for subsequent reintroduction and population
backing. The eco-geobotanical sections of our outdoor collections are under reconstruction
and at first the Inland dune and heath vegetation was conceptually revised and re-estab-
lished.

BrassiBase: Reference Material, Germplasm Collection & Knowledge Database

Since 2011 the Botanic Garden contributed to reference material and germplasm of
Brassicaceae (mustards) within the framework of DFG priority research program SPP 1529
(Evolutionary plant solutions to ecological challenges) (Kiefer et al 2014). This material
serves not only as research material for more than ten DFG projects but serves also as
reference material for high quality reference genome sequences (Jiao et al. 2017) and
comparative genomic analyses (Novikova et al. 2016); and is encompassing several
hundreds of species (https://brassibase.cos.uni-heidelberg.de/).

Herbarium Collection Development

Currently one third of the 350,000 vouchers are recorded in the online database
»@artenbank«. During the last three years approximately 3.000 vouchers were added to
the collection and nearly 2000 specimens were digitized including over 100 type specimens.
Over 320 specimens were newly identified as types in addition to nearly 100 specimens
that represent likely type candidates. Some randomized inspections of the »old herbari-
umc« indicate that there are many hundreds of additional type material vouchers not
identified yet awaiting recording during the next years (e.g. Schroder et al. 2014).
Moreover, new species have been described at COS Heidelberg and are documented with
our collections (e.g., D6nmez et al. 2017).

Werner Rauh Heritage Project

The Werner Rauh Heritage Project — a leading-edge digitization and deep indexing project
of its kind — was funded by the Klaus Tschira Stiftung from late 2009 until to mid of 2016.
This ongoing project is based upon an online relational database storing heterogenous
information found in Rauh’s field books and diaries with the aim of retrospectively
documenting the Rauh-collection data (25,000 herbarium specimens as well as 10,000
accessions of living plants). Since 2013 the indexing focus has been on the field diaries.
Over 100,000 external page views during the last three years are testament to the
significance of this database for the scientific community.



Material Transfer for Scientific Purposes & Support of Local Research Progranms

As a member of the International Plant Exchange Network (IPEN) the Garden supplies
material for international research programs conforming the Convention on Biological
Diversity (CBD). In this period, material from over 400 accessions was transferred. The
Botanic Garden supports Heidelberg-based research programs with the provision of plant
material, test areas and horticultural expertise. In the period 2014 to 2017, the Garden’s
Scientific Plant Cultivation Service (SPCS) cultivated between 2,000 and 7,000 individual
plants annually from a great variety of wild species, rarely cultivated elsewhere. This also
led to a substantial number of SPCS-based publications.

Academic Teaching, Public Education Program, Visitors & Public Events

The Botanic Garden plays an important role in the academic teaching of COS Heidelberg:
The Garden provided plant material for ca. 80 course days with ca. 400 students, and the
Garden’s collections hosted academic courses with ca. 700 students on ca. 50 days each
year. The Herbarium is also integrated into education programs. The Student’s Herbarium
of plants, collected during field excursions during the last ten years, incorporate more than
10,000 fully digitalized specimens. The Garden provided plant material or test areas for a
variety of academic works. Garden- related, Heidelberg-based theses submitted from 2014
to 2016 include 4 PhD theses, 3 master theses, 5 bachelor theses, and 5 state examina-
tion theses.

The »Green School« of the Botanic Garden represents a comprehensive outreach program
that has reached about 4,500 children and adults every year. Activities for children and
teenagers are part the Heidelberg Young University educational program. New types of
events in the last three years included citizen science workshops and a series of popular
science lectures.

The Botanic Garden (gardens and greenhouses) is free and open to the public. The
gardens are accessible at all times and the 2,000 m? greenhouses are open six days per
week. Each year more than 50,000 visitors enjoy all the Heidelberg Botanic Garden has to
offer. In addition, the Garden hosts its annual GardenFest — including outreach activities of
COS scientists — which alone attracts 1.000 visitors. Besides the permanent exhibitions,
two special exhibitions developed by the Association of Botanic Gardens were presented
(»Water for All of Us« and »The Last of its Kind — Threatened Plant Species in Botanic
Gardens«).

5.000
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3.000

2.000
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Figure 2

Future Garden Refurbishment
Plans, Draft by Haas Architekten
BDA

A Garden for the Future — General Garden Refurbishment Plan

In 2015/2016 the Botanic Garden celebrated its 100th anniversary on Campus and the
several dislocations since 1593. The historical buildings and glasshouses, but also
technical installation outdoor are awaiting urgent and fundamental refurbishment. A new
concept has been developed for the next 100 years to cope with the need for future
challenges. This concept carefully considers the past history and refurbish original building
structures while demolishing satellite greenhouses, but vice-versa concentrating green-
house facilities within a new and modern complex. As a first step towards the modern
structure a new building uniting administrational, scientific, teaching and social aspects
has been opened in 2016.

The concept has been approved by university and Federal State and is awaiting its
realization in near future.
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CURATORIAL RESEARCH ACTIVITIES IN
LIVING COLLECTIONS AND THE HERBARIUM

Curator Living Collection Botanic Garden

DR. ANDREAS FRANZKE

Centre for Organismal Studies COS Heidelberg
Botanic Garden

Heidelberg University

69120 Heidelberg, Germany

Tel.: 06221 54-5753
Fax: 06221 54-6178
E-Mail: andreas.franzke@cos.uni-heidelberg.de

Fields of Interest
Living collection management, evolution of Brassicaceae,
evolutionary biology

Brief Summary of Work & Major Contributions Since 2013

Botanic Gardens hold documented collections of living plants for the purposes of scientific
research, education, conservation and display. Therefore, curatorial practice includes
topical fields of acquisition, documentation, preservation, and use of these collections. As
the specimens are living organisms, our collections require a constant and diligent
attention. Documenting collections is a facet of Botanical Gardens that thoroughly
distinguishes it from other plant collections like parks with very limited reference value.
One important part of my curatorial work during the last years was to achieve maximum
improvement of documentation for many thousand accessions and to boost the impact of
our collections to research and society through an improved online access to this data. So
far, only very few German Botanic Garden present their collections online and our Botanic
Garden is currently the only one providing full documentary data for its accessions.

In my research, | am focused on Brassicaceae phylogenetics and biogeography. Recently
molecular dating analyses played a major role.

211



212

REPORT 2014-2017
Core Facilities

Figure 3
Tillandsias hanging in their
»summer habitat«
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Herbarium Research Associate

DR. DMITRY A. GERMAN

Centre for Organismal Studies COS Heidelberg
Biodiversity & Plant Systematics/Herbarium (HEID)
Heidelberg University

69120 Heidelberg, Germany

Tel.: 06221 54-5701
Fax: 06221 54-5508
E-Mail: dmitry.german@cos.uni-heidelberg.de

Fields of Interest
Taxonomy, systematics, Brassicaceae, trait evolution

Brief Summary of Work & Major Contributions Since 2013

Herbaria are a major source of biological material for research purposes, but they are also
unigue archives of biological knowledge. Key to this knowledge are the names of the
objects, with its most important »currencies«: species, genera and families. One of my
particular interests is the taxonomy of Brassicaceae; and within the BrassiBase research
framework (DFG SPP 1529) we released recently a new species checklist of the entire
family, which is actually being used in collaboration to re-structure large collections such
as Zurich (Z+ZT) with nearly 100,000 vouchers from the Brassicaceae. During the last five
years we described 2 new species, 2 new genera, published 139 new taxonomical
combinations. 35 and 1 synonyms have been established on species and genus level,
respectively. And, finally, over 100 lectotypifications have been performed.

Figure 4
Spirit collection in the herbarium
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3.6 ZOOLOGICAL COLLECTION

The collection contains specimens allowing insight into zoo-geography, systematics and
comparative anatomy. Additional topics covered are domestication, wildlife conservation as
well as specimens of extinct species. The large collection of insects pinned and displayed
in more than 500 showcases illustrates the collector’s spirit of the early times of the
collection. A large and systematic collection of sea and snail shells is stored in more than
200 drawers.

A wide range of species is represented in the collection of bird skins stored in the
magazines. There is also a number of historic teaching specimens, prepared by the
scientists of the former Zoological Institute to highlight blood vessels and body cavities.
Some specimens have been reproduced in glass by a glass artist to retain realistic body
coloration. A prominent example is the glass representation of a Siphonophore with
differentially colored individual polyps.

During the extensive renovation of the building INF 230, the Zoological Collection is
currently safely stored. With the completion of the renovation the collection will be made
accessible to the public representing a new and timely concept.

The concept: Timeline Evolution of the COS Heidelberg

»Nothing in Biology Makes Sense Except in the Light of Evolution«. This famous phrase of
C.T. Dobzhansky (1973) becomes even more meaningful in the post-genomic time where
hundreds and in the future even hundred thousands of genomes from different species
will be available. Today it is a realistic scenario to reconstruct and trace back the evolution
of life on our planet by combining paleontological and molecular data. Although many of
the scientifically meaningful specimens of the original collection have been lost when the
Zoological Institute moved from its original location in the Sophienstrasse to the Neuen-
heimer Feld 230, or when they were outsourced to the Senckenberg Research Institute
and Natural History Museum in Frankfurt in 2004, there are still some remarkable
specimens of the Zoological collection that are of general public interest. These specimens
were part of the »Zoologisches Cabinett« founded by Friedrich Tiedemann (1819), a
committed fighter against slavery, and it contained specimens collected by Carl Gegenbaur
(1826-1903), Otto Butschli (1848-1920) and others. COS is therefore planning a perma-
nent exhibition with the format of an evolution timeline. This timeline will highlight the
important periods during the 4,5 billion years of evolution on planet Earth.

Figure 1

Tasmanian Wolfe (also called
Tasmanian Tiger, Thylacinus
cynocephalus)
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The principal aim of this timeline is to give the visitor an understanding of Darwinian
evolution in the context of new findings of molecular and genome biology. Although there
are still many open questions, we are beginning to get mechanistic view on the origin of life
and how the major clades in tree of life evolved. In this context, systems biology approach-
es are important, as L.v. Bertalanffy has outlined them for the first in his general system
theory. The central theme of this timeline is defined by the evolutionary process itself,
which was starting with simple self-replicating biomolecules up to humans and the threat
of our planet by mankind. We are planning the following topics: (i) origin of life, (ii)
Cambrian explosion, (iii) Origin of biodiversity, (iv) mass extinction caused by astro- and
geophysical catastrophes as well global biogenic factors, (v) the origin of humans and
finally (vi) patterns and mechanism of the evolutionary process. At the moment an
internationally highly renowned designer and expert for collections, exhibitions, and
museums is implementing our evolution time-line concept. One highlight will be the
radiation of the marsupians, mammals living primarily in Australasia and the New World
with the common characteristic of a pouch in which the embryo is carried and protected
after birth. Here, our Zoological collection has a number of unique specimens collected by
the late Heinz Mdller, including the Tasmanian Wolfe (also called Tasmanian Tiger,
Thylacinus cynocephalus), the largest carnivore marsupian, extinct in 1936 (Figure 1).
Another example is the passenger pigeon (Ectopistes migratorius), which was one of the
most common birds on our globe before it became extinct at the end of the 19th century
in North America.









219

A.1 COS FUNDING

Finances

As a central research institution of Heidelberg University, the Centre for Organismal
Studies Heidelberg (COS) receives basic funding by the state of Baden-Wirttemberg
through the budget of the University (internal funding). Research group leaders at COS are
very active in acquiring additional funding from several different funding organizations
(external funding). While the internal funding increased very moderately during the
reporting time, the acquired third party funding increased further and almost doubles the
internal income (Figure 1): The ratio between internal and external funding varies between
1,8 (2013) and 2,1 (2016). Internal Funding mostly provides for staff appropriations.

The main funding organization for external grants is the Deutsche Forschungsgemein-
schaft (DFG) through several different funding instruments such as Collaborative Research
Centers (CRCs), Excellence Initiative (ExIni) and research grants including the Emmy
Noether Programme. Other funding bodies are the European Union (grants by the
European Research Council (ERC), Career Integration Grant (CIG), International Training
Network (ITN) within Framework Programme 7 and Horizon 2020), the Bundesministeri-
um fur Bildung und Forschung (BMBF), Foundations (Boehringer Ingelheim Foundation,
Klaus Tschirra Stiftung, Baden Wirttemberg Stiftung, Lautenschlager Stiftung etc.) and
others (including industry funding, equipment purchases, scholarships). The strong
increase in third party funding can be explained such that more research groups partici-
pate in research networks like CRCs and within the Excellence Initiative and that an
additional eight independent research groups started at COS during the reporting period.
This status group contributes with an average of 25 % to third party funding of COS.
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Figure 2

Detailed analysis of external
funding 2013 - 2016 based on SAP
expenses. Abbreviations: BMBF
Bundeministerium fur Bildung

und Forschung, CRC Collaborative
Research Center, DFG Deutsche
Forschungsgemeinschaft, EU Euro-
pean Union, ExIni Exzellenzinitiative
des Bundes und der Lander.
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A.2 COS TEACHING

With 13 full professors and numerous other staff involved in its teaching effort, COS is the
biggest contributor to teaching within the faculty of biosciences at Heidelberg University.
This presents COS with the responsibility but also the great opportunity to provide excellent
teaching encompassing a broad range of topics at all stages of our students’ academic
career — from Bachelor studies to Master and PhD programs. COS aims to present the
same philosophy in its teaching efforts that characterizes its research interests: COS
teaching ranges from fundamental topics of biology like molecular biology, biochemistry,
and evolution to the central principles of development and physiology all the way to the
most complex topics like neurobiology and ecology. At all of these stages, a strong
presentation of the idea of organismic biology is emphasized to allow students to view the
biological sciences as a complex web of closely interconnected fields that transcends the
boundaries of single model organisms or narrow fields of interest. All of the COS-teaching
aims at a strong research orientation. This aims to allow students not only to understand
the concepts presented, but also to learn how scientific ideas are arrived at, with the
ultimate goal to enable them to develop their own ideas, and become active, highly
motivated young scientists.

These guiding ideas of COS are incorporated into academic studies as soon as possible,
starting with the early bachelor studies. Of these, two programs are currently running at
Heidelberg University: The Bachelor Biowissenschaften as a core scientific degree
program and the Bachelor Biologie 50 % as a program for future teachers, which is
complemented by a second field of study. In these programs COS lecturers provide 77 %
and 84 % of compulsory practical courses, respectively. Of the compulsory lectures 62 %
are offered by COS lecturers for both programs. Moreover, regarding the compulsory
elective modules, COS provides 51 % and 71 % in the Bachelor Biowissenschaften and
Bachelor Biologie 50 %, respectively. Consequently, COS is a central player when it comes
to the education of our future scientists and teachers, representing an optimal foundation
to integrate the institute’s teaching concepts to the curricula but also giving COS a great
responsibility in providing an overall excellent student education in the Heidelberg life
sciences.

Teaching fraction

— — Up-to-date scientific presentations for interested
Bertalanffy Lecture high school students
Organized by COS and Practical

— Supervised practical courses in research laboratories

— Coordination of lectures and practical courses

849 Bachelor compulsory — Identification of thematic redundancies and
62 % modules integration of new complementary contents
a9 — Reorganization of the COS homepage
51-71% Eq?)%huellezr elective — Definition of detailed learning objectives
— Integration of research-oriented teaching
El st - — Coupling of bioscientific content with
'V? of eight Master relevant methods in this field
majors are v o
coordinated by — Teaching of scientific core competences

COS lecturers

In recent years several measures have been taken to further improve COS’ contribution to
teaching. One crucial project was to optimize the coordination of compulsory lectures and
the corresponding practical courses within semester one and three with respect to their
content and time flow. This reorganization aims at encouraging an efficient transfer of the
theoretical knowledge acquired to the practical experiments. During these reorganizations
we were also able to identify thematic redundancies, especially within the compulsory
lectures, which created space to integrate new complementary contents. Overall these
measures of coordination and streamlining aim at demonstrating the scientific impact of
different subjects and facilitates the student’s capability for sustainable deep learning.
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Another central goal continually developed is to increase the transparency of specific
requirements within the curricula as well as in individual teaching modules. This included
the reorganization of the teaching pages of the COS homepage, which now present a
detailed and clearly arranged overview of the Bachelor curricula Biowissenschaften and
Biologie 50 %. The revised web site allows current students as well as those interested in
our programs a quick overview of the institute’s teaching offers as well as their optimal
combination with respect to module content and time.

To further promote an efficient teaching environment we defined detailed learning
objectives for the COS coordinated compulsory lectures and practical courses in the first
and third semester. These include defined knowledge concerning the theoretical scientific
background but also focus on important basic working techniques. To communicate these
requirements the general e-learning presence of COS teaching modules was extended to
now include teaching documents and learning objectives and therefore enable a directed
support of learning processes especially in the early phase of studying. In addition for the
basic lectures of semester one and three, two collections of multiple choice questions
similar to those presented in the exams were created and included as an interactive
module, which allows students to analyze their own learning progress.

The central idea of COS includes the implementation of organismic and integrative working
not only in research but also in teaching. This can be seen in the basic practical courses,
where the fields of anatomy, organic phyla, physiology, and developmental biology are
taught with different model systems, which facilitates a direct extraction of common and
unique characteristics. A further measure to integrate this guiding idea into the curriculum
was the conception and realization of the modular three-week practical course Red-Green
Bridges. Its modular structure allows the science oriented deepening of a self-chosen
research topic out of a spectrum of different scientific fields. Moreover, a specific scientific
question is investigated to the same extent in animal and plant systems to demonstrate the
gains achieved by an approach going beyond the confines of a single clade of model
organisms.
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A very important stage at which we spread the organismic idea already during school life is
the education of future teachers in the Bachelor program Biologie 50 %, which has been
established in the winter semester 2015/16 to supersede the former Lehramtsstudium. In
addition to providing our well-established teaching modules for this new program we
developed a new seminar in cooperation with the Heidelberg School of Education, which
combines organismic knowledge with didactics (Vertiefungsseminar: Fachwissenschaft
trifft Fachdidaktik). Here students show their scientific knowledge in respective seminar
presentations first, and then integrate the theory into practice, while planning as well as
holding a school teaching unit.

COS is also a strong contributor to the international Master of Molecular Biosciences
program of Heidelberg University. Of the eight majors offered in the master program five
are currently coordinated by lecturers from COS (Development and Stem Cell Biology,
Evolution and Ecology, Molecular Plant Sciences, Neurosciences, and Systems Biology)
and the majors Development and Stem Cell Biology, Evolution and Ecology, and Molecular
Plant Sciences are fully organized by COS lecturers. One aim of these majors is, according
to the COS philosophy, to break the boundaries between classical fields and encourage the
students to gain experience in other related bioscientific areas, e.g. via lab rotations in
groups formally listed in another major.

Throughout the major program research-oriented teaching is a major goal, providing the
students with the theoretical and technical knowledge and the practical lab experience
required for successful scientific work. One contribution to this goal has been a reorganiza-
tion of the first lecture of the master program, attended by students of all majors, Frontiers
of BioScience I. This lecture now presents bioscientific content coupled directly to the
methods relevant for establishing the presented knowledge to encourage students to not
just memorize facts but rather gain a deeper understanding of the scientific process that
leads to the establishment of knowledge. The following lecture Frontiers of BioScience I
has also been reorganized and now contains a mandatory module regarding scientific core
competences like writing, research ethics, statistics, and image processing. After this
module, every student can choose from two biological fields to study in depth. Overall this
program allows its attendants to acquire core competences and a broad knowledge base
while also specializing on specific fields of interest which can subsequently be expanded
on in their laboratory work.
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With regard to the master program, another important issue the COS-teaching staff has
been working on is the improvement of our internet presence as well as advertising our
majors, e.g. via posters. These measures not only aim at increasing our visibility on and
beyond the Heidelberg campus and attract the best applicants to our program, but also to
inform future master students as well as the interested public on the scope and content of
our contributions to the master program.

Beyond its commitment in core university teaching, COS also offers the Bertalanffy
program directed towards high schools, allowing interested students to get a first glance at
university level biology. The program consists of the Bertalanffy lectures taking place twice
a year where distinguished scientists present their work in two lectures for pupils and
scientists, respectively. These lectures are regularly attended by about 200 high school
students and 30-100 university students and are accompanied by tutorials that allow all
participants to address questions regarding the science presented and the life and work at
a university. In addition COS offers the two week Bertalanffy practical as a summer school
allowing highly motivated participants to gain first lab experience before choosing their
study.

To support the lecturers working at COS, to coordinate teaching efforts, and to continuous-
ly develop our teaching program we established a team consisting of a Hochschule
2012-professor (Prof. Dr. Ingrid Lohmann) and a teaching coordinator (Dr. Roland
Gromes). This team was further reinforced from 2013 to 2017 by a second teaching
coordinator (Dr. Natalie Keib up to 2014, Dr. Monika Huber afterward) financed via an
Innovations- und Qualitatsfonds (IQF) grant provided by the Ministerium flr Wissenschaft,
Forschung und Kunst Baden-Wurttemberg. This team aims to continue working on
improving, evaluating, and expanding the COS teaching effort to meet all challenges
encountered in the next years.
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A.3 COS EVENTS

Events: Seminars, Symposia and Public Outreach Activities

Researchers at COS engage in scientific events such as lectures, seminars and symposia
as well as events for the interested public with the aim to provide stimulating scientific
discourse for the research community reflecting the diverse research interests of COS
Heidelberg, and to present selected topics in an easy to understand manner to a general
audience beyond the Heidelberg life science campus.

Lectures at COS

The COS Lecture Series is running since 2014. On a monthly basis, a speaker is invited to
talk about a research topic of general interest to the COS scientific community. PhD
students and postdocs each have once a year one slot available to invite a speaker of their
interest.

COS Lectures 2014-2016

Date Invited Speaker Title

21.01.2014 Cyril Zipfel Regulation of early receptor kinase-
mediated innate immune signalling

10.04.2014 Damian Brunner Mechanisms and principles of tissue gap
closure

10.07.2014 Chao Yang, Schmeil-Awards

Burkhard Hockendorf

22.07.2014 Gerd Jurgens Plant cytokinesis — a tale of membrane
traffic and fusion

28.10.2014 David Miller Stress responses and the apoptotic
repertoire of the coral Acropora millepora

08.01.2015 Dagmar Iber From Networks to Function — Computation-
al Models of Organogenesis

05.02.2015 Magdalena Gotz Neural stem cells in homeostasis and after
brain injury

12.02.2015 Christiane Gatz Functional analysis of plant-specific
CC-type glutaredoxins

12.03.2015 Timothy Sharbel Evolutionary approaches to deciphering the
functional switch from sexual to asexual
(apomictic) reproduction in natural plant
populations

07.04.2015 Panagiotis Tsonis Dissecting regeneration through the lens

16.04.2015 Eva Benkova Hormonal regulation of root system
architecture

30.04.2015 Hernan Lopez Schier  Building and regenerating a sensorineural
circuit underlying polarised mechanore-
ception

21.05.2015 Francois Parcy Structural insights into the function and the
evolution of a master floral regulator

26.06.2015 Julian Schroeder Drought-Induced Abscisic Acid Signalling
and Atmospheric CO2 Sensing in Plants

09.07.2015 Josephine Adams Thrombospondins are conserved players in
metazoan extracellular matrix organisation

12.08.2015 George W. Bassel Complex systems analysis of plant
development

20.08.2015 Markus Grebe Cytoskeletal Organization and Lipid Domain

Function During Planar Polarity Establish-
ment In Arabidopsis
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17.09.2015
28.09.2015

26.10.2015

12.11.2015

08.10.2015

10.12.2015

21.01.2016

11.02.2016

14.04.2016

27.04.2016

09.06.2016

07.10.2016
10.11.2016

12.01.2017

09.03.2017

06.04.2017

11.05.2017

22.09.2017

12.10.2017

14.11.2017

23.11.2017

Yves Gibon
Vsevolod Belousov

Minoru Tanaka

Sinichi Sunagawa

David Twell

Dagmar lber

Mario Malagoli

George Coupland

Wolfgang Busch

Martin Groth

Muriel Perron *

Edward Farmer *
Antony Dodd

Richard Baines

Thomas Ott

lldoo Hwang

José Pardo

John Allen

Robert Patrick Zinzen

Peter Brodersen

Isabel Baurle

* Student or postdoc organized COS Lecture

Further information can be found on the COS webpage.

Seminars and Seminar Series at COS
Apart from seminars organised by each research group fostering scientific exchange within
COS and on campus, the PhD students and postdocs at COS are organising a seminar
series since 2014 solely for the COS community, the »COS PhD/Postdoc Seminar«. This
student and postdoc organized series is held on a weekly basis and provides opportunity to
present research concepts for PhD students, postdocs and research group leaders.
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Fruit Systems Biology

Novel molecular tools for redox imaging
and metabolic engineering

New roles of germ cells — sex determination
and fecundity

Eco-Systems Biology of the Human Gut
and the Global Ocean Microbiome

Plant male germline development:
a life after meiosis

From Networks to Function —
Computational Models of Organogenesis

How should we feed the planet?

Comparative analysis of pathways
controlling seasonal flowering in annual
and perennial Brassicaceae species

Uncovering key genes and networks
regulating root growth using systems
genetics

Metabolic control of DNA methylation in
Arabidopsis

Retinal stem cells and the Hippo/YAP
pathway

Long distance signalling of wounded plants
Circadian and environmental regulation of
chloroplasts

Setting the Set-point: A challenge for
neuronal homeostasis

Dynamics of plant cell surface receptors
and partners

Epistructural control on RNA G-rich
element specifies phloem differentiation

Molecular connections between salinity
stress signaling and the regulation of
flowering time in Arabidopsis

Why do chloroplasts and mitochondria
contain DNA?

The Drosophila embryo at single cell
transcriptome resolution

Insights into the requirement for small RNA
methylation in plants
Adaptation to environmental stress by a

chromatin-based stress memory in
Arabidopsis
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Symposia at COS

COS Symposia are organized on a biannual basis reflecting a topic selected by the
research group leaders of COS. Renown experts from inside and outside COS are invited,
short talks selected from abstracts as well as poster sessions provide a platform for PhD
students and postdocs to present their projects. COS symposia have received generous
financial support by the Klaus Tschira Foundation, HBIGS, GfE, EMBO, Eurofins Genom-

ics, elife and Nikon.

3 International COS Symposium
»Building Beauty — From Genes to Shape«, June 20 and 21, 2013

Session 1: Cell

Alain Prochiantz, Paris, FR

Andrea Brand, Cambridge,
UK

Olivier Pertz, Basel, CH

Mihaela Zigman,
Heidelberg, DE

Guido Grossmann,
Heidelberg, DE

Ulrich Schwarz, Heidelberg,
DE

Session 2: Tissue

Jan Traas, Lyon, FR

Damian Brunner, Zurich,
CH

Ingrid Lohmann,
Heidelberg, DE

Khaled Khairy, Heidelberg,
DE, and Janelia Farms, US

Francois Graner, Paris, FR

Session 3: Organisms

Alexis Maizel, Heidelberg,
DE

Erez Raz, Minster, DE

Venera Altapova,
Heidelberg, DE
Przemyslaw Prusinkiewicz,
Calgary, CA

The simple beauty of homeoprotein transduction

Stem cells to synapses: regulation of self-renewal and
differentiation in the nervous system

Building a polarized fibroblast — From cytoskeletal
dynamics to shape

From individual cell polarization to coherent tissue
morphogenesis: building the zebrafish neural tube

Membrane polarization through selective diffusion barriers
and anisotropic protein dynamics

On force and form: what cell and tissue shape can tell us
on actomyosin force generation

From genes to shape: morphodynamics at the shoot
apical meristem

Cytoskeleton architecture, force generation and
mechanistic principles of tissue closure

Hox Control of Drosophila Feeding Movements

A spherical harmonics-based approach to developmental
mechanics in the fruit fly

Fly thorax morphogenesis: from cell dynamics to tissue
shape

Lateral root morphogenesis in Arabidopsis thaliana

Motility and directed migration of primordial germ cells in
zebrafish

X-ray phase-contrast imaging for developmental biology

Biology, Computation, and Art: Understanding the Form
of Trees
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4t International COS Symposium
Darwin 2.0 — New Tools to Go Through Time, June 17, 2015

Session 1: Ecology & Evolution

Francesca Benzoni, Milan,
IT

Emmanuel Gaquerel,
Heidelberg, DE

José Jiménez-Gémez,
Cologne, DE

John Pannell, Lausanne,
CH

Session 2: Molecular Evolution

Alexandros Stamatakis,
Heidelberg, DE

Nicolas Gompel, Munich,
DE

Géaspar Jékely, Tubingen,
DE

Przemyslaw Prusinkiewicz,
Calgary, CA

Upheavals in coral taxonomy: Findings from the TARA
Oceans expedition, a modern-day "Voyage of the Beagle"

Genomic bases of key metabolic innovations in the genus
Nicotiana

eQTL analysis using allele-specific expression

Transitions between combined and separate sexes in
plants

Computational biology as computational science:
Challenges and problems

Regulatory evolution and the diversification of
pigmentation patterns in Drosophila

Systems neurobiology of the Platynereis larva

Biology, Computation, and Art: Understanding the Form
of Trees

Session 3: Evolution & Development

Ulrich Technau, Vienna, AU

Steffen Lemke, Heidelberg,
DE

Graham Budd, Uppsala, SE

Przemyslaw Prusinkiewicz,
Calgary, CA

Insights into evolution of eumetazoan regulatory develop-
mental networks from the sea anemone Nematostella
vectensis

Evolution of cell and tissue coordination during fly
gastrulation

Crossing the line: New perspectives on the Precambrian-
Cambrian transition in the fossil record

Biology, Computation, and Art: Understanding the Form
of Trees

5t International COS Symposium
Senses and Sensitivity, June 21 and 22, 2017

Session 1: Sensory machineries

Jonathan Jones, Norwich,
UK

Lucia Prieto-Godino,
Lausanne, CH

Chris Bowler, Paris, F

Charalambos Kyriacou,
Leicester, UK

Erika Tsingos, Heidelberg,
DE (Speaker selected from
abstacts)

EMBO Kenote Lecture: Plant immune receptors:
dissection, diversity, and deployment

Evolution of olfactory circuits in Drosophila: zombie genes
and other surprises

Epigenetic phenomena in response to environmental
signals in plants and marine diatoms

Molecular bases of rhythmic behaviors in animals

On growth and form in a complex organ: the neural retina
drives postembryonic eye morphogenesis in fishT
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Session 2: Processing and decoding

Jurgen Gross, Dossenheim,
DE

Anne Pfeiffer, Heidelberg,
DE

Michael Brecht, Berlin, DE

Marieke Essers, Heidelberg,
DE

Chemical communication between phytopathogens, their
host plants and vector insects — from basic research to
applications in plant protection

Influence of light on shoot stem cell regulation in plants

Social touch — the cortical neurobiology of physical
contact

Hematopoietic stem cells and their niche under inflam-
matory stress

Session 3: Behavior and phenotypic plasticity

Rainer Hedrich, Wirzburg,
DE

Radiger Hell, Heidelberg,
DE

Aurelio Teleman,
Heidelberg, DE

Eva-Sophie Wallner,
Heidelberg, DE (Speaker
selected form abstracts)

Anke Steppuhn, Berlin, DE

Nicholas Foulkes, Karls-
ruhe/Heidelberg, DE

Bertalanffy Lecture Series

Venus flytrap — a plant on animal diet

Schmeil Award Ceremony for the best PhD in organismal
biology at the COS

Regulation of mitochondrial functions via a dietary lipid

Strigolactone and karrikin-independent SMXLproteins are
central regulators of phloem formation

Plants use insect eggs as telltale signals for an upcoming
herbivory

Food, light and the evolution of the circadian timing
system

The Bertalanffy Lecture Series was initiated with the aim to provide a better understanding
of integrative approaches in systems oriented biology both for high school students and for
scientists on campus. In its sixth year and with eleven events having taken place already,
the lecture now attracts regularly more than 200 students from high schools in Heidelberg
as well as other cities and resonates very well on campus.

In brief, one event is held over two days: Day one is reserved for high school students in
their final two or three years. The lecture is followed by a tutor-lead discussion in small
groups of 12-15 persons. During this discussion, the invited speaker tours all subgroups
to answer questions personally. Students, tutors (recruited from COS research groups) and
speaker finally meet for concluding discussion and remarks. This part of the lecture series
is coordinated with the »Stitzpunktschulen Molekularbiologie«! in Baden Wiirttemberg
and provides the opportunity for teachers for continuing education. The lecture is also
open to the interested public. On day two, the invited speaker will discuss latest research
results with scientists from COS and the Heidelberg life science campus both in a formal
lecture and in individual meetings.

Since 2014, the Bertalanffy Lecture Series is complemented by a 2-week summer course
for high school students, in which they will work on small research projects.

In a further step, the program was expanded in 2016 by the third element »Science goes

to school«. COS PhD students apply to visit biology courses at schools and talk about their
research project. This way, high school students gain insight and PhD students train their

communication and presentation skills.

1 www.stuetzpunktschulen.de



Date
31.01.2013

01.02.2013

02.05.2013

03.05.2013
26.09.2013
27.09.2013

10.04.2014
11.04.2014

18.09.2014

19.09.2014

07.05.2015

08.05.2015

24.09.2015

25.09.2015

28.04.2016

29.04.2016

08.12.2016

09.12.2016

01.06.2017

02.06.2017

26.10.2017

27.10.2017

Invited Speaker

Enrico Coen, John
Innes Centre,
Norwich, UK

Russell Foster,
University of Oxford,
UK

Hannah Monyer,
Heidelberg University
Hospital, DE

Benjamin
Prud’homme, IBDM,
Marseille, F

Andreas Trumpp,
DKFZ Heidelberg, DE

Martin Wikelski,
Max Planck Institute
for Ornithology,
Seewiesen, DE

Alejandro Sanchez
Alvarado, Howard
Hughes Medical
Institute, Chevy
Chase, Maryland, USA

Ottoline Leyser,
University of
Cambridge, UK

Marcos Gonzalez-
Gaitan, University of
Geneva, CH

Henrik Kaessmann,
ZMBH, Heidelberg,
DE

Miguel L. Allende,
Universidad de Chile,
Chile
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Title

Leaves, Loops and Leonardo: the Genera-
tion of Biological Forms

Hidden signposts of Development: Tissue
Cell Poarity and Its Role In Morphogenesis
Do you take sleep and your body clock
sersiously?

Light and Time: A New Look at the Eye
Brain, Plasticity, Learning and Memory

Can Studies in Mice help us understand
Memory Functions in Humans?

How Did The Fly Get Its Spot?

The Regulatory Mechanism of
Morphological Pattern Evolution

Cancer Stem Cells — The Root of all Evil in
Cancer and Metastasis

Cancer and Metastasis Stem Cells in
Hematopoietic and Solid Tumors

Animals as our eyes and ears in the world

Intelligent environmental sensing via the
study of global movement patterns of
animals

Hypothesis- und curiosity-driven inquiry:
the importance of discovery research

The developmental plasticity of planarians
and what they teach us about living,
dynamic systems

Thinking without a brain — how plants
decide what to do

Auxin and the self-organization of plant
form

How do stem cells divide? The physics of
asymmetric division

Asymmetric endosomes in asymmetric
division

Dawn of the Mammals — Revealing
Molecular Secrets ...

The molecular foundations of mammalian
phenotypic evolution

Looking for fish in the wrong places: from
salt pans to dried up ponds

Exploring the genomes of South American
cyprinidontiform fish displaying unique life
histories
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Sunday Matinée

The Sunday Matinée was a highly successful lecture series running every winter semester
from 1980 till 2017. The aim was to present current topics of life science research and
related disciplines to the interested public.

Topics in recent years have been:

WS 2013/14 Der Lebensbogen — Werden, Sein, Vergehen
WS 2014/15 Faszination Biologie: Teil 1
WS 2015/16 Faszination Biologie: Teil 2
WS 2016/17 Faszination Biologie: Teil 3

Since 2001, this very well received lecture series was organized by Prof. Dr. Dr. h.c. Volker
Storch, »Seniorprofessor« at the Heidelberg University from 2010 to 2017 and formerly
professor at the Heidelberg Institute for Zoology. The matinée was financed through the
»Verein der Freunde und Forderer des Zoologischen Museums der Universitat Heidelberg
e. V.«

Preschool Education

The two visits of preschool classes to COS in 2016 and 2017 to explore science are
starting to establish a new avenue in public outreach for COS. Assisted by PhD students
and postdocs, these five and six year old children have the opportunity to get to know
plants, flies and anemone used in biological research, take a first mini-microscopy course
and conduct very small experiments such as mixing and unmixing colors and even
extracting DNA from tomato.

In addition to the here mentioned scientific and outreach programs, research groups

at COS participate in many other initiatives on campus, notably the »Ferienforscherkurse«
of the »Tschira Jugendakademie«! and the »International Summer Science School
Heidelberg«?.

1 www.klaus-tschira-stiftung.de/aktivitaeten.php?we_objectlD=1096
2 www.ish-heidelberg.de
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COS SCIENTIFIC ADVISORY
BOARD MEMBERS

Prof. Dr. Magdalena Gétz

Helmholtz Zentrum Minchen

German Research Center for Environmental Health (GmbH)
Institute of Stem Cell Research

Ingolstadter LandstraBe 1

85764 Neuherberg, Germany

Prof. Dr. Gerd Jiirgens
Developmental Genetics
Universitat Tabingen, ZMBP
Auf der Morgenstelle 32
72076 Tubingen, Germany

Dr. Nicolas Le Novere

Babraham Institute

Babraham Campus, Babraham

CB22 3AT Cambridgeshire, United-Kingdom

Prof. Dr. Enrico Martinoia
Institute of Plant Biology
University of Zlrich
Zollikerstr. 107

8008 Zurich, Switzerland

Prof. Dr. Diethard Tautz
Max-Planck-Institut fir Evolutionsbiologie
August-Thienemann-Str. 2

24306 Pl6n, Germany

Prof. Dr. Johannes Vogel

Museum fir Naturkunde

Leibniz-Institut fir Evolutions- und Biodiversitatsforschung
InvalidenstraBe 43

10115 Berlin, Germany
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