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Plants play a key role in life on earth and form the basis for our human existence: They assure
our everyday life by providing energy, nourishment, shelter, clothing, medicine, and of course,
the oxygen that we breathe. A growing world population and a concomitant shortage of na-
tural resources make it clear that our survival will depend on sustainable, in fact increasing,
agricultural crop yield. An important key to the harnessing and improvement of plants is, first
of all, to understand them.

The Center for Plant Molecular Biology (ZMBP) in Tubingen, Germany, is dedicated to basic
plant research. The aim of our research is to understand, at the molecular level, how plants
establish an organized body plan and how they adapt their growth and development to their
environment. The ZMBP was founded in 1999 as a research-oriented university institute and
provides facilities for about 150 scientists in sixteen independent research teams. In the short
time since its foundation, the ZMBP has developed into an internationally recognized center
of excellence for plant molecular biology. The different teams not only share central service
facilities but also their know-how, resulting in numerous fruitful collaborations. Until now, the
different groups have been spread over three buildings. However, thanks to joint funding by
the federal and state governments, a new ZMBP building is being constructed, which will
gather all the groups under one roof in 2012. The spatial proximity of the different research
teams will further promote collaborations and synergy effects. To ensure that the high scienti-
fic standard of the ZMBP is maintained, the institute is regularly evaluated by an international
advisory board of seven to ten leading plant scientists.

An integral part of the philosophy at the ZMBP is to support young scientists at different levels
of their careers. To provide an optimal ground for young group leaders, the traditional univer-
sity chairs were disbanded in favour of a departmental structure and flat hierarchies. Young
team leaders are provided with substantial core funding, giving them a head start into their
scientific independence. The success of this concept can be measured by career opportuni-
ties of its junior members. In the last 10 years 12 former ZMBP group leaders were appointed
to professorships at scientific institutions in Germany and abroad. As a consequence, the
ZMBP has seen a substantial turnover in research groups. It is this turnover that keeps the
ZMBP young and dynamic.

The success of any group at the ZMBP depends on its ability to attract competitive external
funding. Considering its relatively short history, the performance of the ZMBP in this area
has been impressive: The Tibingen University plant science community, of which the ZMBP
constitutes a substantial part, leads the plant biology ranking based on competitive funding in
the plant sciences of the ,Deutsche Forschungsgemeinschaft®, the main funding body in Ger-
many. This funding allows research activities to be maintained at high level as documented
by the progress reports of the individual groups.

The research activities of the ZMBP depend on the excellent contributions of highly dedica-
ted graduate students and postdocs. Currently, there are some 54 Ph.D. students and 27
postdocs working at the ZMBP. The ZMBP dovetails its scientific and teaching commitments
by offering a unique master‘'s program. In the inspiring and research-oriented atmosphere
of the ZMBP, this program trains students in modern and advanced cell and molecular plant
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research. After completion of the master's program, students are eligible to enter the doctoral
programs offered at the University of Tubingen.

Tlbingen, November 2010
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Developing organisms are growing populations of cells that exchange information about their
relative positions and, in response, adopt specific fates. This is, in essence, the process of
pattern formation that transforms the fertilized egg cell into a multicellular organism with its
distinct spatial arrangement of cell types, tissues and organs. Animals establish their body
organization during embryogenesis so that the newborn is a miniature adult. By contrast, plant
embryogenesis generates a juvenile form, the seedling that bears little resemblance to the
adult plant. During post-embryonic development, plants produce new structures, such as lea-
ves and flowers, from self-maintaining stem-cell systems called meristems. Meristems them-
selves are part of the seedling body organization that is established during embryogenesis.

Plants and animals evolved independently from unicellular ancestors. It is, therefore, anticipa-
ted that plant development involves different mechanisms to those found in animal systems.
For example, neighboring cells within a plant share regulatable cytoplasmic channels, called
plasmodesmata, that can facilitate the passage of large molecules including transcription fac-
tors. Plants also make use of long-distance signaling, such as directional transport of the
hormone auxin, to integrate developmental processes. Although surrounded by a cell wall,
plant cells can signal to each other by local ligand-receptor interaction at the plasma mem-
brane, just as animal cells do. The responses to signaling are also manifold and include
transcriptional regulation of gene expression, mRNA processing and stability as well as rapid
targeted degradation of gene-regulatory proteins. Mechanisms of cell-cell communication and
cell-fate specification in the female gametophyte are analyzed in the research group of Rita
Grof3-Hardt.

Plant cells have their own distinct organization. For example, plant cells are encased by rigid
cell walls that prevent them from leaving their neighborhood. As a consequence, temporal and
spatial control of cell division rates and planes, as well as oriented cell expansion, underlie the
morphogenetic processes that shape the embryo or individual organs. How the establishment
of cell division sites is molecularly controlled is investigated in the research group of Sabine
Mller.

Recent years have seen an increasing awareness of membrane traffic underlying signaling
in development and plant-microbe interaction, as well as physiological processes such as
nutrient transport. Secretory traffic mediates processing and delivery of secreted signaling
peptides to the cell surface. Both secretory traffic and endocytosis, followed by recycling or
traffic to the vacuole for degradation, provide important mechanisms for regulating the abun-
dance and signaling activity of receptors as well as the availability of nutrient or ion transpor-
ters at their sites of action. The regulation of trafficking pathways during vesicle formation and
membrane fusion is analyzed in the research group of Gerd Jirgens. Mechanisms underlying
protein sorting in the trafficking pathway to the lytic vacuole are investigated in the research
group of Peter Pimpl.
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Rita GroR3-Hardt

Formation and specification of gametes is of paramount importance for all sexually reprodu-
cing organisms. In contrast to animals, plant gametes develop in few-celled haploid structu-
res, termed gametophytes. The female gametophyte of Arabidopsis consists of four distinct
cell types (Fig. 1). The egg and the central cell get fertilized to form the main components of
the seed. These gametes are flanked by accessory cells (synergids and antipodal cells) that
partially aid fertilization.

Figure 1 Female gametophyte and seed
formation. (A) The female gametophyte
contains seven cells, which differentiate into
four distinct cell types: two synergids (dark
green), one egg cell (red), one central cell
containing two polar nuclei (orange) and
three antipodal cells (light green). (B) The
pollen tube (yellow) delivers two sperm cells,
which fuse with the egg cell and the central
cell. (C) The fertilization products develop
into embryo (red) and endosperm (orange),
respectively (Kagi et al., 2010).

Figure 2 Expression of the egg cell
marker ET1119 in wildtype and mutant
gametophytes. GUS expression in
wildtype (A) is restricted to the egg

cell. By contrast, in lis, clo and ato
gametophytes, GUS expression is also
detected in synergids and central cell
(B-D) (Moll et al., 2008)

Forward genetic screens have identified mutants with altered egg cell marker gene
expression

We are interested in the intra- and intercellular mechanisms underlying the specification of
the distinct cell types. To identify factors necessary for the regulation of egg cell fate, we have
screened for mutants with deviating egg cell marker gene expression.

The first class of mutants identified includes the lachesis (lis), clotho (clo) and atropos (ato)
mutants. All three mutants are characterized by the formation of supernumerary egg cells
(Fig. 2), which differentiate at the expense of the adjacent synergids and central cell. Additio-
nally, antipodals of mutant gametophytes can adopt a central cell fate. Our data show that all
cells in the female gametophyte can differentiate into gametes, and that this gametic compe-
tence is repressed by LIS, CLO and ATO (GroR-Hardt et al., 2007, Moll et al., 2008).

The second class of mutants shows no, or reduced, egg cell marker expression, whereas
expression of an antipodal cell marker is unchanged (Fig. 3).



Is there a link between pre-mRNA splicing and cell fate decisions in the female game-
tophyte?

Using a map-based cloning approach, we could show that lis, clo and ato are defective in
the putative core spliceosomal components PRP4, Snu114 and SF3a60, respectively (GroR-
Hardt et al., 2007, Moll et al., 2008). This is surprising, as the specific and late defects ob-
served in the mutants are difficult to reconcile with general pre-mRNA splicing defects. In
yeast, it was shown that defects in different core spliceosomal components result in different
transcript profiles, indicating that the composition of the spliceosome critically determines
transcript readout. To address whether LIS, CLO and ATO affect splicing in a substrate spe-
cific manner, we have started to establish an in-planta splice assay (Fig. 4) and sequenced
DNA from a clo hypomorphic allele using paired-end lllumina sequencing (collaboration with
Gunnar Ratsch, Max Planck Institute, Tlbingen).

Figure 3 Ovules expressing Figure 4 Principle of the

egg- and antipodal reporters. (A) in-planta splicing assay. For
Ovule showing GUS expression candidate genes, exon (E)-

in the egg (arrow) and antipodal intron (1)-exon constructs have
cell (star). (B) Ovule with GUS been generated and fused to
expression in antipodals only a C-terminal GFP. As intron
(Kagi et al., 2010). retention results in a nonsense

transcript (B), GFP is only
detected if the intron is spliced
out (A).

Cell-cell communication in the female gametophyte

Promoter-reporter analysis suggests that CLO and ATO are expressed in all female gameto-
phytic cells. By contrast, in mature female gametophytes, pLIS::NLS_GUS is only detected
in the egg and the central cell, suggesting that the gametic competence of accessory cells
is repressed by a mechanism generated in gametic cells. We are currently testing whether
LIS is indeed only required in gametic cells by modulating LIS transcript amounts in a cell
specific manner.

Antipodals as a model system to study the regulation of cellular lifespan

Arabidopsis contains three antipodals, which undergo programmed cell death (PCD) shortly
before fertilization. As mentioned above, in lis, clo and ato mutants, antipodals adopt a cen-
tral cell fate, which implies that the developmental program that results in antipodal PCD is
repressed. It is unclear whether the ability to extend the cellular lifespan and to differentiate
gametic cell fate is of adaptive significance, however it is conceivable that antipodals act as
backup in case of central cell failure. Making use of mutants that show defects in antipodal
PCD, we study the mechanisms that activate or bypass the cellular suicide program in these
ephemeral cells.



Gerd Jirgens

Eukaryotic cells display functionally distinct membrane compartments such as ER, Golgi or
endosomes that exchange proteins by membrane traffic involving transport vesicles (Fig. 1).
In addition to maintaining the functional organization of the endomembrane system, membra-
ne traffic regulates the concentration of signaling peptides, receptors and transporters at their
site of action by delivery along the secretory pathway from the ER, by endocytosis from the
plasma membrane and recycling or targeting to the vacuole for degradation.
Membrane vesicles are formed on donor membranes and fuse with specific target membra-
nes. Vesicle formation requires the activities of conserved protein families such as ARF gu-
anine-nucleotide exchange factors (ARF-GEFs) and their substrates, ARF GTPases, as well
as specific coat proteins and GTPase-activating proteins (ARF-GAPs) (Fig. 2a). Transport
Figure 2 ARF-GEFs and vesicle formation
(a) ARF GDP/GTP cycle. Cytosolic ARF-GDP is recruited to membrane by ARF-
GEF mediating GDP-GTP exchange. ARF-GAP stimulated GTP hydrolysis leads
to dissociation of ARF-GDP from the membrane. (b) The Arabidopsis family of
ARF-GEFs related to human GBF1 and BIG1. (c,d) GNOM (green) regulates polar
recycling of PIN1 (red) from endosomes to the basal plasma membrane. (c) BFA-
induced inhibition of GNOM activity causes accumulation of GNOM and its cargo
PIN1 in BFA compartments. (d) No BFA effect in BFA-resistant GNOM plants. (e,f)
GNL1 and GNOM regulate retrograde Golgi-ER traffic. BFA treatment prevents

Golgi-membrane association of COPI (red) in gnll mutant (e) but not in wild-type
(BFA-resistant GNL1) (f). Blue, DAPI-stained nuclei
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Figure 1 Membrane trafficking pathways fusion ARF-GDP || HsBIG1
in Arabidopsis
Key regulators (ARF-GEFs GN, GNL1, i
BIG1-4) and coat proteins (COPI, COPII, ARFtGTP
clathrin, retromer) are indicated. ER
endoplasmic reticulum; MVB, multivesi- E
cular body; PM, plasma membrane; RE, GEF
reeyElig) Eelerame; TEN, TEnsE GDP/GTP exchange Coat recruitment
network ARF-activation

vesicles interact with their target membrane via RAB GTPases and tethering proteins. Sub-
sequent membrane fusion is mediated by the formation of 4-helical trans-SNARE complexes
between R-SNAREs (v-SNAREs or VAMPs) on the vesicle and Q-SNAREs or t-SNAREs
(syntaxins/Qa-SNAREs and t-SNARE light chains/Qb,Qc-SNAREs or SNAP25/Qb,c-SNA-
REs) on the target membrane (Fig. 3). Our research addresses mechanisms of specificity
during vesicle formation and vesicle fusion.

Regulation of trafficking pathways by ARF-GEFs and ARFs

The Arabidopsis genome encodes eight 150-220kDa large ARF-GEFs that are members of
a conserved eukaryotic protein family comprising two classes (GGG, BIG): 3 (GNOM, GNL1
and GNL2) are related to the human cis-Golgi ARF-GEF GBF1, whereas 5 (BIG1-5) are
related to the human trans-Golgi ARF-GEF BIG1 (Fig. 2b; Anders & Jirgens, 2008). GNOM
and GNL1 jointly regulate the retrograde COPI-mediated traffic from the Golgi to the ER,
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which is the ancient eukaryotic function of the GBF1 class (Fig. 2e,f; Richter et al., 2007).
Inhibition of GNOM activity by the fungal toxin brefeldin A (BFA) in the gnl1 mutant blocks the
early secretory pathway, resulting in the retention of secretory cargo proteins in the ER. Two
additional plant-specific ARF-GEF functions have evolved: GNOM mediates polar recycling
of the auxin-efflux transporter PIN1 from endosomes to the basal plasma membrane, which is
required for cell polarity and axis formation in embryogenesis (Fig. 2c,d; Geldner et al., 2003),
whereas GNL2 plays a specific role in pollen germination and pollen-tube growth (Richter et
al., unpubl.). The ARF-GEFs BIG1 to BIG4 jointly perform an essential function in the late
secretory pathway, whereas the role of BIG5 is not clear (Richter et al., unpubl.).

Our research aims to analyze mechanisms underlying the pathway specificity of ARF-GEF
action. To this end, we analyze how large ARF-GEFs associate with specific membrane com-
partments and attempt to identify their endogenous ARF substrates as well as the associated
coat proteins for cargo selection.

or-ae O
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trans-SNARE &l
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7
clo%pen \ @ [ |

membrane fusion late cP
disassembly
5 R R NSF/aSNAP i 4 VSR
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recycling and budding ‘é{?{nsp'fe’iRE GFP-KNOLLE knolle

Figure 3 Membrane fusion through SNARE complex formation

Disassembly of the cis-SNARE complex converts the open
form of syntaxin to a closed form (5), which has to be reverted
before trans-SNARE complex formation (1)

Figure 5 Role of KNOLLE in cytokinesis
(a) KNOLLE (green) trafficking from TGN (trans-Golgi
network; early mitosis) to the plane of cell division (CP, cell

plate) followed by endocytosis and trafficking via the PVC
(prevacuolar compartment; late) to the vacuole for degrada-

0.1 § i tion. Red signals represent compartment-specific markers.
SUAELDIGEES) g 4 S iErly o (b) Membrane fusion during cytokinesis is impaired in knolle

SYP123 :
plasmazmembrane syn.laxms mutants, resulting in the accumulation of unfused vesicles
The 3 subgroups are high- .
(top; n, nucleus)

lighted. Prevacuolar syntaxin
PEP12 (SYP2 family) repre-
sents the outgroup.

SYP122

SYP121/PENL
SYP13
SYP132

SYP21/PEP12
SYP112 SYP111/KN

Specificity of syntaxin action in membrane fusion

The Arabidopsis genome encodes 18 syntaxins, which represent 5 families (SYP1, 2, 3, 4
and 8) that are evolutionarily conserved among eukaryotes. The SYP1 family comprises 8
plasma membrane-localized members and a unique plant-specific syntaxin named KNOLLE,
which is exclusively required for membrane fusion during cytokinesis (Fig. 4,5b; Miiller et al.,
2003).

KNOLLE is only expressed during G2/M-phase, specifically targeted from the trans-Golgi net-
work (TGN) to the plane of cell division during cytokinesis, subsequently endocytosed from
the cell plate and degraded in the vacuole (Fig. 5a; Reichardt et al., 2007).

Our research addresses mechanisms underlying the specificity of action of syntaxins in cyto-
kinesis and secretion. To this end, we analyze how KN and other SYP1 syntaxins are targeted
to their site of action, attempt to identify their endogenous interactors including SM proteins
such as KEULE and other SNAREs, and analyze syntaxin dynamics and turnover.
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Sabine Mdller

Plant cells are surrounded by rigid cell walls, which confine their shape and determine their
location within tissues. Thus, the position of a new cell wall formed during cytokinesis contri-
butes to the shape of the cell and consequently to the overall morphology of the plant.

In plants, the positional information for the future division site is specified early, at G2/M
transition by the formation of the preprophase band. This transient cytoskeletal array forms
at the cell cortex and demarcates the future division plane, but disassembles upon entry into
mitosis. Subsequently, the division plane is identified by the absence of cytoskeletal proteins
(actin depletion zone, KCA1 kinesin depletion zone) and the recruitment of specific cortical
division site markers TANGLED and a component of the Ran signaling network RanGAP
(Fig. 1, Miiller et al., 2009).

Figure 1 Schematic representation of the cortical division site throughout mitosis. Cortical division site (CDS) and associated
proteins at different cell cycle stages are indicated in blue. Note that KCA1 remains absent from this site throughout mitosis

Previously, we characterized a pair of closely related kinesins PHRAGMOPLAST ORIEN-
TING KINE-SIN (POK) 1 and 2, which are implicated in the positioning of new cell walls after
cell division (Mdller et al., 2006). pok1lpok2 double mutants exhibit pronounced cell wall po-
sitioning defects, as a consequence of misguided phragmoplasts during cytokinesis (Fig. 2).
Genetic and in vitro evidence suggests that POK kinesins are required for the maintenance
of TANGLED and RanGAP1 at the cortical division site from metaphase onward (Walker et
al., 2007, Xu et al., 2008).

In our current work we focus on the functional characterization of POK kinesins and on the
identification of novel regulators of division site establishment.
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Functional characterization of POKs

To investigate POK function, we generate translational fusions of full length POK and POK
fragments with fluorescent protein variants to perform live cell imaging. In the context of cell
cycle and cytoskeletal markers, these experiments will allow us to determine POK require-
ments at spatial and temporal resolution. Furthermore, we will determine the protein domains
that confer sub-cellular specificity during different cell cycle stages.

Preliminary localization analysis of C-terminal POK fragments indicates that both kinesins
require their C-terminal domain for localization to the cortical division site (Fig. 3). The loca-
lization pattern is reminiscent of TANGLED and RanGAP1 localization and we will perform
co-localization and FRET analysis.

New regulators of the cortical division site

In yeast two hybrid screens, we have identified regulatory components of ROP signaling as
interaction partners of POK-C terminal fragments. ROP signaling has recently been implica-
ted in the regulation of actin and microtubule cytoskeleton organization (Yang, 2008). Thus,
we pursue a reverse genetics approach for these novel ROP regulatory proteins to elucidate
their developmental relevance and specific role in division plane establishment.

Figure 2 Aberrant cell wall positioning in pok double mutants. Figure 3 Localization of POK1-C terminal fragment.
Cell walls of root meristems are visualized via Propidium lodide GFP-POK1C co-localizes with the PPB (A and B) and
staining. (A) In wild type root meristems, regular cell divisions result in subsequently becomes delimited to the site of cell

an ordered pattern of cell walls. (B) In the pok double mutant new cell wall fusion during cytokinesis (C and D).

walls are inserted arbitrarily causing the irregular pattern

Alternatively, we use a sensitized mutant screen to identify enhancers of pokl single mu-
tants which are indistinguishable from wild type plants. We have selected several mutants for
further analysis. One candidate exhibits an enhanced pok double mutant phenotype and was
confirmed to be a novel poklpok?2 allele combination. The EMS induced mutation caused a
premature Stop codon in POK2, abolishing most of the coiled coil interaction domains. We
are continuing with our screen and have initiated mapping of promising candidates.

Phylogenic analysis showed that a third POK-like kinesin clusters with POK1 and POK2. It
is specifically expressed during mitosis (Menges et al., 2003) and binds to RanGAP1 in a
biochemical screen (D. Van Damme, personal communication). A T-DNA allele for POK-like
is lacking transcript downstream of the T-DNA insertion and we will determine the localization
pattern of POK-like.
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Peter Pimpl

A common feature of all eukaryotic cells is the existence of functionally distinct intracellular
compartments. These compartments are dynamically interconnected via different vesicular
carriers and, thus, constitute a complex network, termed the secretory pathway (Fig. 1). This
pathway manufactures, distributes and degrades macro-molecules, like proteins and lipids,
as a prerequisite for cellular viability and development.

Protein sorting to the lytic vacuole
Sorting of soluble proteins to the lytic vacuole requires vacuolar sorting receptors (VSRs).
According to the common view, sorting is initiated by VSR-ligand interactions at the TGN, lea-

Figure 1 The plant secretory pathway.
Secretion to the plasma membrane (red)
leads from the ER via the Golgi and the
trans-Golgi network (TGN). ER-resident
proteins are retrieved back to the ER
(blue). Endocytic transport (black) oc-
curs from the PM to the TGN, the early
endosome (EE). The lytic vacuole (LV)
(purple) is reached via a prevacuolar
compartment (PVC). Transport to the
protein storage vacuole (PSV) might
occur either from the ER or via dense-
vesicles (DV) from the Golgi (grey).

Figure 2 Retromer localizes to the TGN
IEM localization of the retromer subunits
SNX2a (A) and VPS29 (B) in Arabidop-
sis roots after high-pressure freezing and
kryo-substitution (Niemes et al., 2010a).

ding to the formation of a receptor-ligand complex. This complex is sorted into clathrin-coated
vesicles, which mediate transport to the prevacuolar compartment (PVC). Upon arrival, the
complex dissociates and, while the soluble cargo is delivered via fusion of the PVC with the
vacuole, the receptor is recycled back to sort further ligands.

In yeast and mammalian cells, recycling of vacuolar/lysosomal sorting receptors occurs via
a cytosolic protein coat, termed retromer. It consists of a heterotrimeric cargo recognition
subunit (VPS35, VPS26 & VPS29) and two proteins of the sorting nexin (SNX) family, which
recruit the heterotrimer and drive transport via their C-terminal coiled-coil domains.

To date, very little is known about the sorting and transport mechanisms of plant VSRs.

VSRs recycle from the TGN
In order to identify the recycling point of VSRs, we have localized retromer subunits in situ
using immunogold electron microscopy. Surprisingly, the sorting nexin SNX2a and the VPS29
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subunit of the cargo recognition complex are exclusively localized to the TGN (Fig. 2), indica-
ting that retromer-mediated VSR recycling might already occur at the TGN.

To analyze retromer-mediated VSR recycling in vivo, we have manipulated retromer function
by co-expressing a mutant of SNX2a, lacking the C-terminal coiled-coil domains (SNX2a-
ACC), with the fluorescent VSR-reporter GFP-BP80. The expression of SNX2a-ACC leads to
an accumulation of the VSR reporter GFP-BP80 in close proximity to the Golgi, presumably
the TGN (Fig. 3). Since VSR-reporter and endogenous VSRs follow the same transport rou-
tes, it is likely that endogenous VSRs also accumulate in the presence of the SNX mutant,
due to perturbed retromer function. However, the vacuolar delivery of the soluble model li-
gand GFP-sporamin is not affected under these conditions. This demonstrates that post-TGN
transport of soluble vacuolar cargo does not require VSRs, which is in agreement with the
definition of the TGN as the recycling-point of the VSRs.

Figure 3 VSRs are not required for post-TGN sorting of soluble
vacuolar cargo.

A, B) Expression of SNX2a-ACC accumulates the VSR reporter Figure 4 Receptor-ligand interaction occurs in the ER.
(PVC marker) GFP-BP80 (green) in close proximity to the Golgi A) Molecular tools to analyze receptor-ligand interaction in
(red), presumably in the TGN. C) In contrast to wortmannin, vivo. B, C) BP80-CNX-XFP (green) co-localizes with the ER
SNX2a-A CC does not perturb vacuolar delivery of the VSR marker (red) and does not influence ER export of a Golgi
ligand GFP-sporamin as judged by the unchanged presence of marker (red). D, E) BP80-CNX accumulates the vacuolar re-
the vacuolar degradation product (V) (Niemes et al., 2010a) porter aleurain-GFP (green) in the ER (Niemes et al.,2010b)

VSRs sort cargo in the ER

The identification of the TGN as the recycling point of the VSRs raises the question of the
location of the initial receptor-ligand interaction. VSRs and ligands are synthesized in the
ER and we wanted to test whether they already interact in this compartment. We, therefore,
generated ER-anchored VSR derivatives by fusing the lumenal ligand binding domain (LBD)
of the VSR BP80 to the transmembrane domain (TMD) of the ER-resident chaperone calne-
xin (CNX) (Figure 4). Coexpression of the ER-anchored receptors with the soluble vacuolar
reporter aleurain-GFP results in a strong accumulation of aleurain-GFP in the ER. This ER
accumulation is specific for vacuolar cargo and does not generally perturb the ER exit.

Outlook
The future aims of the group are (a) to identify the target of the retromer-mediated route and
(b) to investigate the dynamics of anterograde and retrograde VSR transport.
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The life of a plant is genetically determined but modulated by environmental cues such as
light and temperature. Owing to their sessile life style, it is of the utmost importance that
plants integrate environmental signals and respond by adjusting growth, differentiation and
development. Thus, plants have the capacity to survive even under extreme abiotic stress
conditions.

In recent years there has been a dynamic turnover of research groups and research areas in
the General Genetics unit. Frank Hochholdinger, whose group is working on maize root deve-
lopment, has accepted a professorship at the University of Bonn and two new group leaders,
Andreas Wachter (Emmy Noether fellowship) and Stephan Wenkel, joined the ZMBP.

The present research focuses on: heat shock response, leaf morphogenesis and senescence,
and the mechanisms and functional roles of alternative mRNA splicing. It can be anticipated
that various aspects of our research will have important implications for agriculture and plant
biotechnology in the future.

The ongoing research on heat shock response is focused on the functions of the heat shock
transcription factors (HSFs), which is an amazingly complex gene family in plants. The func-
tional roles of HSFs appear to be very diverse and only a subclass seems to act as transcrip-
tion factors during heat stress. HSF target genes include not only heat shock proteins but also
a number of other genes involved in different cellular functions and biochemical pathways.
Our long-term goals are directed towards understanding the functions of specific HSFs and
HSF interactions during heat stress and the involvement of other HSFs in developmental
decisions.

The regulatory network governing leaf senescence is very complex and largely unidentified.
Very little is known about the developmental regulation of cell death in plants and why their
protective systems against oxidative stress fail during leaf senescence. Our research is pre-
sently concentrating on the roles of WRKY transcription factors and hydrogen peroxide as
a signaling molecule. As a long-term goal, a better understanding of the mechanisms inte-
grating developmental and environmental signals at the onset of leaf senescence in annual
plants is to be achieved.

The development of plant leaves is genetically determined but is also influenced by the envi-
ronment. The integration of diverse signals affects physiological processes and leaf morpho-
logy. Our current work addresses the functions of different transcription factors and the role
of plant hormones in leaf initiation and polarization.

The expression of many genes is regulated co- and post-transcriptionally at the mRNA level,
e.g. by alternative splicing (AS) and mRNA decay. In recent years, AS has been recognized
to be widespread in plants, however, many questions regarding its regulation and functional
implications remain to be addressed. The current project is focused on genome-wide studies
of AS and analysis of the molecular mechanisms underlying AS and nonsense-mediated
decay of mRNAs in plants.
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Experimental techniques include: (i) Next generation whole-genome short-read sequencing,
microarray analysis, gene expression profiling and real time PCR assays, ChIP-Seq stu-
dies, proteome analysis (ii); generation/analysis of transgenic plants and gene knock out
mutants; (iii) in gel staining of enzyme activities; (iv); expression of recombinant proteins in
E. coli, yeast cells; (v) transient expression analyses in protoplasts and tobacco leaves; (vi)
DNA-protein interaction by gel retardation, yeast-one hybrid; and ELISA-based assays; (vii)

protein-protein interaction by yeast two-hybrid assays, BiFC.
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Fritz Schoffl

The response to heat stress (HS) is highly conserved in organisms but owing to their sessile
life style it is of the utmost importance to plants. The HS response is initiated by the activation
of heat shock factors (HSF), which cause a transient expression of stress genes (e.g. heat
shock proteins and others), resulting in the acquisition of higher levels of stress tolerance.
HSF activation and HSP synthesis are also linked to other abiotic and biotic stresses and to
developmental processes.

Class A HSF - central regulators of heat stress response

HSFs are DNA binding proteins, which recognise the conserved HSE sequences present
in the promoter upstream regions of HS-genes. In Arabidopsis, 15 out of 21 potential HSF
genes belong to subclass A, which represents transcription factors. Knock-out mutants of
HsfAla and HsfAlb revealed redundant functions required in the early phase of the HS
response. In total, 112 HsfAla/Alb target genes, including HSP, ascorbate peroxidase 2, ga-
lactinolsynthase 1, were identified (Busch et al., 2005). HsfA1a and -A1b have the capacity to
interact with each other in the nucleus of Arabidopsis protoplasts (Fig. 1) and synergistically
cooperate in the expression of a number of HSF target genes, including Hsp25.3, Hsp18.1-
Cl, Hsp26.5 (Li et al., 2010a, 2010b).

Figure 1 Figure 2

Class B HSF — regulators of biotic stress functions and development?

The five members of the Arabidopsis class B-HSF are devoid of a conserved activation do-
main and cannot act as transcription factors on their own. Microarray analysis of hsfB1/hs-
fB2b double knock-out plants revealed that Pdf1.2 genes, which are involved in immunity
against infection by necrotrophic microorganisms (Fig. 2), are the major targets (Kumar et
al., 2009).

Regulation of these genes by HSF may require interaction with other proteins. Three different
proteins were identified as interaction partners of both HsfB1 and HsfB2b, by yeast two-
hybrid screening (Li et al., 2010a). HsfB1 and HsfB2b may be involved in regulatory networks
linking abiotic and biotic stresses.

The functions of the other three Arabidopsis class B-HSF seem to be required under non-
stress conditions in specific developmental processes.
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Ulrike Zentgraf

Natural or harvest-induced senescence is one of the major determinant factors causing agri-
cultural crop losses, both in the field and during transport from the producer to the consumer.
Besides endogenous signals, biotic and abiotic stress conditions can trigger senescence.
Therefore, as a result of global climate changes, we will be forced to develop crop plants that
cope better with stress conditions to avoid premature senescence. Despite the importance of
the senescence processes, our knowledge on the regulation of leaf senescence is still poor.
We are interested in understanding the mechanisms involved in the onset and regulation of
leaf senescence of annual plants, using Arabidopsis thaliana as a model system.

Since many physiological changes take place during leaf senescence, a massive change in
gene expression can be observed, however, not much is known about the factors regulating
senescence associated gene expression. Large gene families of transcription factors, like
WRKY or NAC factors, have been identified to play a regulatory role during leaf senescence.
Our main interest is focused on elucidating the signaling network of the WRKY transcription
factor family and its role in controlling leaf senescence. One member of the WRKY family,
namely WRKY53, appears to have a central role in regulating the onset of leaf senescence.
Diverse molecular analyses revealed that several different regulators are involved in the tight
regulation of the WRKY53 expression, activity and degradation. Most of the WRKY53 regu-

Figure 2

Figure 1

lators have already been characterized to participate in different stress responses, indicating
that WRKY53 is a node of convergence between stress response and senescence (Miao and
Zentgraf 2007; 2010; for review see Zentgraf et al., 2010).

Hydrogen peroxide is thought to be one of the signaling molecules in leaf senescence. The
expression of almost all WRKY53 regulators characterized so far is induced or repressed by
hydrogen peroxide. The tight regulation of the HoO2 scavenging enzymes in development
leads to an increase in HoO2 concentration at the bolting time. At this timepoint senescence
should be turned on in all rosette leaves (Zimmermann et al., 2006). Down-regulation of
CATALASE 2 expression and activity appears to be the initial step to create this peak. The
bZIP transcription factor GBF1 could be identified to be responsible for the down-regulation of
CAT2 and gbfl mutant plant show delayed senescence (Symkowski et al., 2010)..
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Andreas Wachter

Alternative precursor mRNA (pre-mRNA) splicing (AS) refers to the formation of multiple
transcript variants from one type of pre-mRNA, by the removal of different intronic regions.
With the enormous increase in the number of available transcript data in recent years, the
prevalence of AS in higher eukaryotes has been revealed. For example, according to RNA
sequencing data, up to 40% of all genes in Arabidopsis thaliana generate alternatively spliced
mRNAs. AS can both increase proteome complexity and contribute to gene regulation, by
the coupling of AS and mRNA turnover via nonsense-mediated decay (NMD; Fig. 1). Despite
its wide distribution, many questions about the regulation and functional significance of AS
events remain to be elucidated. In our work, we analyze novel regulatory mechanisms and
the biological implications of AS in plants.
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Figure 1 Regulation and functional implications of alternative splicing. Figure 2 Plant TPP riboswitches control splicing
and 3’ end processing of THIC mRNAs.

Regulation of AS by Structured mRNA -Motifs

In bacteria and eukaryotes, the structural capacity and flexibility of mRNA are harnessed
for gene control functions. So-called riboswitches are mRNA motifs, which can directly sen-
se small molecules and exploit the thereby triggered structural changes for the regulation
of gene expression. In eukaryotes, thiamin pyrophosphate-binding riboswitches have been
shown to regulate AS (Wachter et al., 2010), affecting diverse, downstream processes, such
as translation of upstream open reading frames in filamentous fungi (Cheah et al., 2007) or
alternative 3’ end processing in plants (Wachter et al., 2007; Fig. 2).

By combining bioinformatics with experimental strategies, novel structured mRNA motifs will
be identified and characterized. This strategy has already resulted in the identification of
a plant 5S rRNA mimic within the pre-mRNA of transcription factor IlIA, and a role for this
element in the regulation of AS and the subsequent coordinated synthesis of ribosomal com-
ponents was demonstrated (Hammond et al., 2009).
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Functional Analysis of Novel Splicing =Regulatory Proteins in Plants

Besides the role of mMRNA motifs in AS control, the functions and mechanisms of select pro-
teinaceous splicing factors will be investigated. Our major interest is focused on Arabidop-
sis homologues of polypyrimidine tract binding proteins (PTB), a well-characterized class of
mammalian splicing factors with intriguing functions in development. We have already shown
that all three PTB homologues from Arabidopsis underlie auto- and cross-regulation via AS
and NMD (Stauffer et al., 2010; Fig. 3).

In our current work, we are seeking to identify novel PTB regulation targets and, thereby,
to elucidate the biological implications of plant PTB homologues. Interestingly, sub-cellular
localization studies revealed the presence of PTBs in the nucleus, cytosol, and processing
bodies (P-bodies; Fig. 4), pointing at functions of the plant PTB homologues in addition to
splicing control.

(@)
APTB1

Figure 4 Sub-cellular localization of AtPTB2-YFP (a) in Arabidopsis
protoplasts. (b) P-body marker DCP1-CFP, (c) transmission light
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Figure 3 Exon-intron structure (a) and AS pat- Figure 5 Alterations in AS patterns during early phase of photomorphoge-
terns (b) of Arabidopsis PTB homologues. NMD nesis. RNA sequencing was performed for etiolated seedlings 0, 1, and 6 h
targets are increased in the Ibal mutant upon light exposure. Mapped reads are for gene AT1G09140.

Coupling of AS and NMD in Plant Gene Control

Recent studies have revealed an expanded scope for coupling of AS and NMD as a me-
ans of gene regulation in plants. Transcriptome-wide surveys indicate that many Arabidopsis
transcripts possess NMD target features, such as long 3’ untranslated regions (UTRs) or in-
trons within 3' UTRs. We are interested in identifying novel natural NMD targets and revealing
their functional significance in gene regulation. In this project, we apply bioinformatical approa-
ches for the prediction of target transcripts and experimental strategies, such as next generati-
on sequencing of wild type and NMD mutant samples for the validation of NMD turnover.

Coordinated Splicing Programs in Plant Development

AS has an enormous potential for altering the expression of large numbers of genes in a
coordinated manner, as is required in many plant adaptation and developmental processes.
However, it is not currently known if this potential is actually used in plants. We are employing
both biased approaches starting from certain splicing regulatory proteins (e.g. PTBs) and
unbiased strategies focused on defined developmental programs (e.g. light regulation, Fig. 5)
to investigate a possible role of coordinated splicing programs in plants.
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Stephan Wenkel

Plants are sessile organisms that have to cope with the environment they are exposed to.
Several developmental mechanisms are synchronized with the environment, like seed ger-
mination or the transition to flowering. We are interested in leaf development and how the
environment can interfere with this complex process.

Plant leaves are multifunctional organs that can sense outside signals, such as temperature,
day-length or pathogen attack. They integrate these cues to coordinate physiological respon-
ses, such as growth adaptation or defense responses. Plants have evolved various anatomi-
cal strategies to cope with changing environmental conditions, which is reflected in the large
morphological variation in leaf shape. In addition, photosynthesis and gas-exchange take
place in the leaf. Failure in the developmental program regulating leaf development often has
dramatic consequences for the reproductive success of the individual. Like all seed plants,
the plant body of the model plant Arabidopsis thaliana consists of two distinct systems, the
root and the shoot. The shoot system harbors the shoot apical meristem (SAM). A SAM con-
sists of a central zone, a peripheral zone and the developing leaf primordia (Figure 1). During
the vegetative growth phase of shoot development, the population of stem cells in the SAM
divides and produces the cells that will eventually form new organs. Leaves are initiated at
the periphery of the SAM. In the early stages, the leaf primordium is un-polarized. No decis-
ion has been made as to which part of the primordium will adopt an adaxial (future top side)
or abaxial (future bottom side) fate. Later in development, the side of the primordium that is
adjacent to the SAM will become adaxialized and the side further away from the SAM will
adopt an abaxial fate (Figure 1).

Figure 1 Schematic of the radial pattern of
leaf initiation. The cells in the central zone
(CZ) harbor the stem cells of the SAM that
give rise to lateral organs. PO is the youngest
leaf primordium that is still unpolarized. During
the course of development the primordia
become more and more polarized (P1-P5)

Proper establishment of the ad/abaxial axis is of great importance, because the shape and
size of the outgrowing leaf blade greatly depend on the juxtaposition of ad/abaxial tissue. If
the leaf primordium is adaxialized, top side leaf cell fates dominate. This results, in extreme
cases, in radial organs with top side leaf characteristics around the circumference. Conver-
sely, radial organs with bottom side characteristics develop if the primordium is abaxialized. It
was shown, in genetic mosaic plants, that (the determination of) cell fate (abaxial vs. adaxial)
is not genetically determined but depends on the position of the respective cell in the deve-
loping primordium. Cells closer to the SAM will become part of the future top side, while cells
in the periphery develop into the lower part of the leaf. The application of the plant hormone
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auxin on the shoot apex results in the initiation of novel primordia at the place where auxin
was applied, indicating that auxin plays a role in primordium initiation.

Besides hormones, several genes are known to be involved in establishing the ad/abaxial
axes in Arabidopsis. We focus on the class Ill homeodomain leucine-zipper gene family (HD-
ZIPIIl genes) which is conserved throughout all land plants. HD-ZIPIII genes are involved in
the regulation of meristem formation, leaf polarity, leaf blade outgrowth and vascular deve-
lopment. HD-ZIPIII genes encode transcription factors that have a homeodomain for DNA-
binding followed by a leucine-zipper domain required for homo- and heterodimerization. They
also contain a putative lipid/sterol-binding START domain and a carboxy-terminal PAS-like
motif. Functions for the START-domain and the PAS-like domain have not been determined
in HD-ZIPIII proteins.

Using microarray analysis, we have identified targets of the REVOLUTA (REV) transcription
factor. Some of the genes regulated by REV encode hormone-biosynthetic enzymes. REV
induces the expression of a gene encoding a biosynthetic enzyme involved in the synthesis
of auxin (AuxE). In addition to being positively regulated by REV, the AuxE gene is negatively
regulated by the abaxial regulator KANADI1 (KAN1; Reinhart, Wenkel and Barton, unpublis-
hed) and may, thus, be involved in establishing an auxin gradient in the incipient leaf primordi-
um. Chromatin-immunoprecipitation experiments have further proven that the regulation by
REV is direct. Current work is, therefore, focusing on the identification of the cis element REV
interacts with.

To analyze the function of the auxin biosynthetic enzyme (AuxE) in leaf development, we
have started to generate transgenic plants mis-expressing the AuxE gene in different leaf
domains (Figure 2A).

Figure 2 Mis-expression of AuxE.

A) Schematic of the expression pattern
of REV and KAN1

B) Mis-expression of AuxE using the
REV promoter results in transgenic
plants with adaxial leaves.

Transgenic plants mis-expressing AuxE in the adaxial domain using the REV promoter show
an upward curling leaf phenotype reminiscent of rev gain-of-function mutants (Figure 2B).
Future genetic analysis of double and triple mutants and mis-expression lines of artificial
microRNAs will show the function of the REV-regulated auxin-biosynthesis in leaf develop-
ment.

Besides working on endogenous signals required for leaf development, we have started to
analyze how the environment (especially light) influences the initiation and development of
leaves in Arabidopsis.
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Microbial pattern recognition is a prerequisite for the initiation of antimicrobial defenses in
all multicellular organisms, including plants. The plant immune system consists of two evo-
lutionarily linked branches. Recognition of invariant microbial surface patterns (pathogen or
microbe-associated patterns; PAMP / MAMP) through plant pattern recognition receptors is
referred to as PAMP-triggered immunity (PTI) and is the basis for broad-spectrum resistance
of plants against host non-adapted microbial pathogens. Suppression of PTI by microbial
effectors (effector-triggered sus-ceptibility, ETS) is a prerequisite for plant infection by ad-
apted pathogens and is likely the cause for susceptibility of many crops to virulent microbial
pathogens. Co-evolution of susceptible plant hosts and host-adapted pathogens has shaped
immune receptors (resistance proteins) that guard microbial effector-mediated perturbations
of host cell functions and thereby trigger plant immune responses (effector-triggered immu-
nity, ETI).

Our research activities aim at uncovering the molecular mechanisms underlying microbial
sensing and activation of plant immune responses. In addition, we study the molecular mode
of action of microbial effectors, in order to understand how these molecules facilitate host
plant infection. In our research, we apply genetic, biochemical, cell biological and plant phy-
siological technologies to the model plant, Arabidopsis thaliana. Information gained from our
work harbors the potential for translational research that aims at engineering durable immu-
nity in crop plants.

Figure 1 A schematic representation of the plant immune system
(Nirnberger and Kemmerling. Annual Plant Reviews, Wiley Blackwell. 2008, 34: 16-47)
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Frédéric Brunner

Plants have adapted defense mechanisms to resist microbial infection. Manipulation of the
immune system by pathogen-derived effectors causes plant susceptibility but the underlying
molecular mechanisms remain largely elusive, especially in the case of effectors from euka-
ryotic pathogens like fungi or oomycetes.

Figure 1 Suppression of PAMP-inducible promoter Figure 2 Arabidopsis plants expressing constitutively GFP-Avr2
activity in Arabidopsis protoplasts by HaRXLR23. are dwarfed (A) and display higher stomatal density (B).

The genome of several oomycetes, including the biotrophic Hyaloperonospora arabidopsi-
dis (Arabidopsis downy mildew) or the hemibiotrophic Phytophthora infestans (potato and
tomato late blight), encodes for several hundreds of so-called RXLR effectors. Using a cell-
based assay in Arabidopsis, we have screened ~100 effectors from H. arabidopsidis and
~200 effectors from P.infestans (ongoing screen) for their ability to suppress the expression
of a LUC-reporter genecontrolled by a PAMP-responsive promoter. Several effectors acting
as suppressors of PAMP-triggered immune responses were identified. One of the most po-
tent effectors is HaRXLR23 from H. arabidopsidis. HaRXLR23 is highly polymorphic and
different alleles are present in both adapted and non-adapted H. arabidopsidis isolates. The
effector domain is under positive selection pressure, which is strong evidence for co-evo-
lution with host proteins. Comparative transcriptome and proteome analyses in plants ex-
pressing HaRXLR23, combined with biochemical approaches (Immunoprecipitation, Yeast-
two-Hybrid...), are applied to study the molecular mechanisms underlying the function of
HaRXLR23.

Only a subset of effectors is assumed to impair PAMP-triggered immunity. Other effectors are
supposed to target mechanisms of transport and the secretion of anti-microbial compounds
and hydrolytic enzymes at the interface of the plant plasma membrane and the oomycete
extrahaustorial matrix. Therefore, we are currently developing new approaches, based on
biochemical and cell biology measurements, to detect novel effector functions. We have esta-
blished the conditions for transient expression in Arabidopsis protoplasts of (defense) protein
markers localized in the plasma membrane or secreted in the apoplast that are likely to be
specifically targeted by RXLR effectors.
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The premise for testing P. infestans effectors in a non-host plant species is our hypothe-
sis that some effectors may have evolved to target universal eukaryotic factors, and high-
throughput assays that exploit the huge genetic resources existing in Arabidopsis can guide
the work with hosts. In collaboration with the research group of Paul Birch at SCRI in Dundee
(UK), we are building up evidence for the virulence function of Avr2 (also an RXLR effector).
Arabidopsis plants expressing Avr2 display a severe dwarf phenotype and an abnormal sto-
mata phenotype. Avr2 strongly interacts with BSU1-like phosphatases — positive regulators
or Brassinosteroid signaling — and current studies aim to bridge the gap between the cellular
function of Avr2 and its consequence for plant development and resistance.

Figure 3 Experimental approach for the identification of novel PAMPs

There is only a weak colinearity of RXLR effector sequences between H. arabidopsidis and
P. infestans. The difference probably reflects the fact that both oomycetes have very different
host ranges and it is expected that some of these RXLR genes involved in host interactions
will have rapidly diverged between the two species, as a result of strong selection for effective
pathogenesis. The genome sequence of tomato is nearly complete. It will serve as a ,blue-
print' for Solanaceae species and allow a comparison of the Arabidopsis-H. arabidopsidis
and Tomato-P. infestans model systems. This work does not only help our understanding of
the molecular basis for host pathogen interactions but it will provide insights into the plasticity
of the oomycete effectorome.

Fundamental discoveries about the nature and function of PAMP receptors in Arabidopsis
offer the prospect of developing broad-spectrum disease control in crop plant species. In
addition, the identification and characterization of the repertoire of recognized PAMPs will al-
low studies on the interplay between different perception systems and signaling pathways in
defense response. We use a variety of bio-assays in order to identify novel PAMPs from oo-
mycetes and major fungal pathogens that are recognized by Arabidopsis and selected crops,
e.g. barley, wheat, grapevine and brassica. Collaborative projects with research groups in
the UK (Cyril Zipfel, Chris Ridout), the Netherlands (Pierre de Wit) and France (Alain Pugin)
address these issues.
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Georg Felix

Cell surface receptors play fundamental roles in the regulation of cell behaviour by external
signals. Higher plants like Arabidopsis thaliana have >600 genes encoding so called ,recep-
tor like kinases” (RLKs). Members of this major class of receptors are involved in regulation
of growth, morphogenesis, fertilization, interaction with symbionts and detection of microbial
pathogens (Fig. 1).
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Figure 1 Examples of known ligand/receptor pairs in plants

In previous work, we identified several microbial signals that act as ,pathogen associated
molecular patterns’, so called PAMPs, and trigger basal defense responses in plants. For
the two bacterial PAMPs flg22, a domain of flagellin, and elf18, the N-terminus of EF-Tu, we
identified the corresponding pattern recognition receptors FLS2 and EFR, respectively. FLS2
and EFR are closely related receptor kinases belonging to the >200-membered subfamily of
RLKSs that contain ,leucine rich repeats’ (LRRs) in their ectodomains.

There are a number of further PAMPs and other exogenous signals that await identification
of their corresponding receptors in plants. Vice versa, an even bigger number of RLKs still
remain orphan with respect to their ligands. The identification of further ligand/receptor pairs
will, thus, continue to be a challenge for future work.

Recent work has shown that ligand-dependent activation of FLS2 and EFR involves rapid
complex formation with a second LRR-RLK, termed BAK1 (Fig. 2). BAK1 was originally iden-
tified as co-receptor for the receptor kinase BRI1 that regulates growth in response to the
plant hormone brassinolide. Thus, surprisingly, activation of receptor kinases that regulate
different types of cellular outputs seems to employ common principles and even common
co-receptors.

What are the molecular structures and mechanisms that determine ligand specificity, trans-
membrane signaling and activation of particular output responses in these receptors? These
questions build the main focus of our research efforts.
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Starting with the well characterized ligand/receptor-pairs, flg22/FLS2 and elf18/EFR, we want
to define the subdomains that specify ligand affinity in these receptors. For this we use bio-
chemical and bio-physical approaches that aim at direct structural elucidation. Further, we
use mutational analysis and chimeric receptors, e.g. constructed as hybrids from EFR and
FLS2. These receptor constructs can be rapidly tested for their binding specificity and recep-
tor function, using transient expression systems (Fig. 3). With the chimeric approach we can
also start to map the sites on the receptors that are responsible for complex formation with
co-receptors or other steps in receptor activation.

B) brassinolide (BL)
= BRI1

Figure 2 Working model for A) flagellin (flg22) = FLS2
receptor activation process.

A) steps observed for flg22- +flg22
stimulated activation of FLS2. B) e
brassinolide (BL)-induced activa-

tion of BRI via complex formation e N
with BAK1 as described in the b

literature.

BRI1

BAK1 FLS2
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Figure 3 Two rapid and sensitive
assay systems for testing functionality
of chimeric receptors. A) transient
expression in Nicotiana benthamia-
na has no endogenous perception
system for the PAMP elf18 and is thus
highly suited for testing receptors with
an EFR-type ectodomain. Results
show induction of oxidative bursts,
measured as relative light units (RLU)
in the presence of luminol.

B) protoplasts isolated from A
thaliana (mutant background lacking
functional EFR) can be co-transfor-
med with receptor constructs and

the reporter gene luciferase under a
PAMP-inducible promoter. Data show
luciferase activity measured as RLU in
presence of luciferin.

In essence, RLKs have a modular setup with an ectodomain thought to be responsible for
ligand detection, a single pass transmembrane domain and a cytoplasmic Ser/Thr prote-
in kinase. A more precise definition of these modules will allow approaches with chimeric
receptors consisting of domains from less related receptors. Such hybrid receptors will be
useful in the search for ligand inputs for orphan receptors, for mapping the sites important
for transmembrane signaling and for identifing the determinants that define the signal output
programs triggered by the kinase domains.
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Thorsten Nirnberger

Pathogen-associated molecular pattern (PAMP)-triggered immunity (PTI) to microbial infec-
tion constitutes an evolutionarily ancient type of immunity that is characteristic of all multicel-
lular eukaryotic systems. Microbial patterns activating plant PTI comprise bacterial flagellin,
lipopolypolysaccharides, peptidoglycans or oomycete or fungus-derived proteins, peptides
or glucan and chitin oligomers. Plant pattern recognition receptors mediate microbial pattern
sensing and subsequent immune activation (Fig.1).

Our research aims at a deeper molecular understanding of microbial pattern recognition in
plant immunity. In particular, we work on the identification of novel microbial patterns and their
corresponding plant pattern recognition receptors. We further study the molecular basis of
damage-associated immune activation in plants.

We have been able to identify bacteria-derived patterns that trigger immunity-associated res-
ponses in Arabidopsis. These comprise, for example, protein fragments of Ralstonia solana-
cearum cell extracts. Upon purification to homogeneity, such a pattern will be used to identify
the corresponding plant pattern recognition receptor.

Figure 1 Identification of new D/P/MAMPs and their Figure 2 PGN-induced FRK1 marker gene
receptors. expression is abolished in lym3 mutants

Likewise, bacterial peptidoglycan preparations (PGN) from different bacterial sources (S. au-
reus, E. coli, B. subtilis, P. syringae pv. tomato, Xanthomonas campestris pv. campestris)
trigger immunity-associated defenses in Arabidopsis. The Arabidopsis PGN perception sys-
tem is mechanistically different from that for bacterial flagellin or fungal chitin. An Arabidopsis
plasma membrane protein carrying two ectopic LysM domains (LYM3) has been implicated
in PGN binding, PGN sensitivity (Fig.2) and plant immunity to bacterial infection. As this PGN
binding protein lacks a cytoplasmic signaling domain, we now aim at understanding how the
PGN signal is transduced across the plant plasma membrane.

Plants do not only respond to non self-representing microbial patterns, but also have the
ability to sense endogenous, self-representing stress-associated ‘danger’ signals (‘damage-
associated molecular patterns’, DAMPSs). Such plant signals comprise breakdown products
of cell wall pectins or cellulose, that are released during microbial infection by microbial hyd-
rolytic enzymes or that are generated through the activities of microbial toxins. Necrosis and
ethylene inducing protein 1-like proteins (NLPs) constitute a protein superfamily of which
members are produced by various phytopathogenic microorganisms. NLPs trigger leaf ne-
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crosis, and stimulate immunity-associated defenses in dicotyledonous plants, including Ara-
bidopsis. NLPs were proposed to have dual functions in plant pathogen interactions acting
both as triggers of immune responses and as toxin-like virulence factors. The crystal structure
of an NLP from the phytopathogenic oomycete, Pythium aphanidermatum, revealed signifi-
cant fold conservation between NLPs and pore-forming, cytolytic toxins produced by marine
organisms (actinoporins) (Fig.3).

Expression of oomycete NLPs in an nlp-deficient P. carotovorum strain restored bacterial vi-
rulence, suggesting that NLPs of prokaryotic and eukaryotic origins are orthologous proteins.
NLP mutant protein analyses revealed that identical structural features of the protein were
required for cytotoxicity and for bacterial virulence, indicating that NLPs are virulence factors
that contribute to host infection by plasma membrane destruction and cytolysis. In addition,
NLP-mediated phytotoxicity and plant defense activation share identical fold requirements,
suggesting that toxin-mediated interference with host integrity causes plant immune activa-
tion. Phytotoxin-induced cellular damage-associated activation of plant defenses is reminis-
cent of microbial toxin-induced inflammasome activation in vertebrates and, thus, constitutes
a conserved element in eukaryote innate immunity.

Figure 3 A
common toxin fold
mediates microbi-
al phytotoxicity

Figure 4 FRET-
FLIM analyses
confirm interaction
of BAK1-CFP and
BIP89-YFP at the
plasma membrane
of Arabidopsis
protoplasts

AG Kemmerling

Leucine-rich repeat receptor-like kinases (LRR-RLKs) have diverse roles in plant growth and
development or serve as pattern recognition receptors in plant immunity. To identify additi-
onal plant immunity-associated LRR-RLKs, we have conducted gene expression profiling
experiments with infected Arabidopsis plants. One of the identified LRR-RLKSs is the Bras-
sinosteroid (BL) receptor BRI1-Associated receptor Kinase 1 BAK1. We have proposed a
novel, BL-independent function of BAK1 in plant cell death control. Likewise, BAK1 function
in flagellin signaling has been shown to be independent of BL. Our data suggest that BAK1
interacts with multiple RLKs and acts as a central component of RLK-initiated signaling. Our
research, therefore, aims at identifying additional BAK1-related processes. Several screens
were performed to identify in vitro and in vivo interaction partners of BAK1. One of the iden-
tified proteins is the previously described DAMP-receptor PEPR1, which perceives the en-
dogenous wound and pathogen inducible peptide AtPep1. Additional RLKs, as e.g. BIP89,
were identified as BAK1 interaction partners (Fig.4). With functional (reverse genetics) and
biochemical (phosphorylation studies) analyses, we study the BAK1 interacting proteins to
elucidate their molecular mechanism and function.

29



Physiology studies the function of an organism, encompassing the dynamic processes of growth,
differentiation, metabolism, reproduction and interaction with the abiotic and biotic environment.
Modern physiology combines a wide spectrum of molecular biological, biochemical, biophysical,
cell biological, genetic and functional genomics techniques and tools to obtain insight into how
a plant organism functions.

Plants, as sessile organisms, face the problem that they are confined to their habitat and have to
endure and adapt to a broad array of environmental conditions. To optimize growth and develop-
ment in a highly competitive environment, plants depend on a multitude of molecular signal per-
ception, processing and integration systems. Although several specific and more-or-less linear
signaling pathways have been described, far less is known about the dynamics of the molecular
mechanisms underlying signal processing and integration in the cells of higher plants.

The focus of our present research — conducted by six independent research groups — is predo-
minantly on the specific features of plant signal perception, transduction, processing and integra-
tion. Furthermore, we are interested in intracellular protein trafficking, miRNA function and RNA
processing. We increasingly apply quantitative physical techniques and tools, such as quantitati-
ve life time imaging and spectroscopy, for the intracellular analysis of these processes.

FG Harter: Function of plant two-component signaling systems; target gene identification, post-
translational regulation and functional analysis of bZIP, WRKY and BPC transcriptional regula-
tors; identification of regulatory gene networks, using functional genomic approaches and bio-
informatics.

FG Hiltbrunner: Characterization of phytochrome interacting proteins; identification of proteins
regulating phytochrome nuclear transport; evolution of phytochrome signaling; analysis of cros-
stalk between phytochromes and other signaling pathways.

FG Laubinger: Plant microRNA processing and function; regulation of splicing by the nuclear
cap-binding complex and associated proteins; elucidation of the functions of non-coding RNAs
in abiotic stress responses.

FG Oecking: Function of regulatory 14-3-3 proteins in plants; regulation of the plasma membra-
ne H*-ATPase; identification of 14-3-3 target proteins; elucidation of the molecular and physio-
logical function of 14-3-3 proteins.

FG Schaaf: Regulation of phosphoinositide homeostasis and signaling by Sec14 lipid transfer
proteins; molecular mechanisms by which Sec14 like proteins control metal tolerance, membra-
ne trafficking and root hair development.

FG Schleifenbaum: High resolution spectro-microscopy; development of novel fluorescence
based cell biological methods; analysis of phy signaling pathways; identification of protein-prote-

in interactions by FRET and BiFC; development of novel functional protein fluorescence labels.
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Klaus Harter

The research activities of our group focus on plant perception of environmental and hormonal
stimuli and the molecular mechanisms of signal processing in the plant cell.

Two-component signaling
During evolution, higher plants adapted and developed a unique molecular signal processing
mechanism, which is perfectly suited to signal perception, transduction and integration: the

Figure 1 Reconstitution of the AHK1 response pathway in tobacco leaf cells

two-component system (TCS). Plant TCSs are mostly composed of hybrid histidine (His)
kinases (HKs), His phosphotransfer proteins (HPs) and response regulators (RRs). The ge-
neral mode of TCS action is to transfer phosphoryl residues from the activated HKs via HPs
to the RRs. The phosphorylation of RRs induces their interaction with other proteins or the
induction of their target genes. The promiscuous interaction capability of TCS elements ena-
bles cross-talk between different signaling pathways. TCSs contribute to the perception and
signal transduction, among others, of hormones and environmental cues.

The focus of our present TCS research is on the signal-dependent intracellular localization
and dynamics, as well as the in vivo interaction pattern, of selected HKs, HPs and RRs invol-
ved in light, osmotic and biotic stress, ROS and cytokinin signaling. In addition to the studies
on whole plant level, we aim to reconstitute complete TCS response pathways in plant cells
for quantitative studies to determine the limiting factor(s), velocity and molecular determi-
nants of TCS signaling at single cell level (Fig. 1). These quantitative data will be used for the
generation of mathematical models. In collaboration with specialists at the Tubingen campus,
we intend to crystallise selected HKs and HK domains and to determine their structure.

The studies on the TCS will be complemented by the quantitative cell physiological and func-
tional analysis of other plant hormone (co-)receptors such as BRI1 and BAK1.
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Transcription factor function and regulation

Transcriptional regulators play crucial roles in almost all biological processes and are classi-
fied by their DNA-binding domain. We focus on the structural, molecular and cell biological
properties (DNA-binding, homo- and heterodimerisation, dynamics of intracellular and intra-
nuclear distribution) of selected members of three distinct transcription factor families, namely
bZIPs, WRKYs and BPCs (Fig. 2). In addition, we study their post-translational regulation
(e.g. phosphorylation) and aim at identifying their in planta target genes. By this combinatorial
approach we try to understand how the different regulatory levels contribute to their function
in the regulation of plant growth and development and plant adaption to the abiotic and biotic
environment.

Figure 2 Influence of phosphorylation on the DNA-

binding activity of bZIP63 to its cognate promoter
sequence.

Figure 3 Network de-convolution.

Bioinformatics and computational biology

We are interested in unraveling gene functions by observing gene relationships as networks.
Networks can be composed of multiple levels of information, for example protein-protein
interaction, gene expression correlation, and gene properties. Network approaches can be
used to probe signal transcription cascades and extrapolate novel gene relationships.

One aspect of transcriptional networks is the direct binding of transcription factors to their
cognate DNA cis-regulatory element, which are needed to alter the activity of target genes.
We apply computational biology to identify cis-elements or gather new information about cis-
elements and their relationships within signal transduction cascades.

In order to solve particular biological questions, we implement cutting-edge algorithms, pro-
duced in computational biology, and develop our own algorithms and meta-approaches as
needed. Meta-analysis will be more and more important in the future as more “-omics” data be-
come available and will contribute to our understanding of how complex plant systems work.

Technology developments

In collaboration with the Schleifenbaum group, we develop and adapt highly sophisticated
lifetime imaging and spectroscopy technologies, such as FIDSAM, one-chromophore FLIM,
dual-focal FCS and mathematical tools, such as CILA, for the quantitative in vivo analysis of
subcellular processes in living plant cells in their tissue environment. In addition, in vitro high-
throughput tools are being developed for the identification and quantitative characterization
of novel DNA-protein interactions.
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Andreas Hiltbrunner

Photoreceptors in plants

Light is an abiotic factor, which is particularly important for plants. It is used as a source of
energy but also provides information about the environment. To monitor the intensity, quality
and direction of incident light, plants employ different types of photoreceptors, such as photo-
tropins, cryptochromes and phytochromes. In higher plants, cryptochromes and phytochromes
are the main light receptors involved in regulation of gene expression and they are important
for de-etiolation, transition from vegetative growth to flowering and many other responses.

Figure 1

A. 3 day old dark grown wild type (wt), fhyl and fhyl FHL RNAi knock down seedlings expressing phyA-GFP were irradia-
ted for 6 hours with far-red light and analyzed by fluorescence microscopy. nu, nucleus; cyt, cytosol

B. Wild type (wt), fhyl and fhyl FHL RNAi knock down seedlings were grown for 5 days in far-red light

Figure 2
Current model for phyA nuclear transport. See text for details

Phytochromes

Phytochromes are the only photoreceptors absorbing in the red and far-red light range of the
spectrum. They can exist in two spectrally different forms, the inactive Pr form with maximal
absorption in red light and the biologically active Pfr form, which has an absorption peak in
far-red light. By absorption of light, phytochromes can reversibly interconvert between these
two forms.

In Arabidopsis, there are five phytochromes (phyA-phyE), among which phyA and phyB are
the most important. phyB is the dominating phytochrome species in adult plants and is im-
portant for the detection of the red:far-red light (R:FR) ratio. In plain sunlight, the R:FR ratio is
high, whereas it is low in light reflected from or transmitted through leaves. Thus, measuring
the R:FR ratio in their environment allows plants to detect potential competitors for sunlight
at an early stage.
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Although phytochromes are most efficiently converted to the active form by absorption of red
light, phyA works as a far-red light receptor in planta and has been shown to be essential for
survival in far-red light enriched environments, such as deep canopy shade. phyA is unique
to higher plants and may have provided an adaptive advantage to early angiosperms during
colonization of habitats dominated by ferns and gymnosperms. Currently, the molecular me-
chanism that allows phyA to function as a far-red light receptor is unknown.

Phytochrome signaling

In higher plants, phytochromes localize to the cytosol in the dark but translocate into the
nucleus when activated by light. Several transcription factors essential for light perception
have been shown to interact with phytochromes, suggesting that nuclear transport of the
photoreceptor itself is an essential step in phytochrome signaling. In contrast, in mosses and
ferns phytochromes are believed to localize to the plasma membrane and there is currently
no evidence that they have a function in the nucleus.

In the past few years, we could demonstrate that the two functional homologs FHY1 and FHL
are specifically required for light-regulated nuclear transport of phyA (Figure 1A), whereas
phyB employs a different mechanism for translocation into the nucleus. Seedlings, which
lack both FHY1 and FHL, are blind to far-red light, confirming that nuclear transport of phyA
is essential for far-red light perception (Figure 1B). FHY1/FHL contain NLS and NES (nuclear
import and export signal) motifs and they interact with phyA in a light dependent manner. In
our current model, FHY 1/FHL work as shuttle proteins, which bind to phyA in the cytosol and
transport it into the nucleus (Figure 2). Interestingly, phyA nuclear transport is most efficient in
far-red light, which may explain why phyA works as a far-red light receptor in planta.

Research projects
Our current research projects address three main questions:

1. How did phytochrome signaling and nuclear transport evolve?
Cryptogams contain typical plant phytochromes, as well as homologs of components
essential for phytochrome nuclear transport and signaling in higher plants. Nevertheless,
cryptogam phytochromes are believed to localize to the plasma membrane and not to
have a function in the nucleus. Using transgenic Physcomitrella lines, we investigate the
molecular basis for phytochrome function in cryptogams, which is prerequisite to under-
stand how phytochrome signaling evolved.

2. What mechanism(s) turn(s) phyA into a far-red light receptor?
Red light is much more efficient than far-red light in converting phytochromes to the acti-
ve form. Yet, phyA works as a far-red light receptor in planta. Using a systems biological
approach, we investigate which step(s) in phyA signaling is/are responsible for shifting
the action peak from red to far-red light.

3. How does light signaling interact with other signaling pathways?
Plants have to integrate a multitude of stimuli in order to respond to their environment in
an adequate way. In only a few cases the molecular mechanisms underlying signal inte-
gration are known. Using life cell imaging of double/triple transgenic plants expressing
fluorescence protein tagged versions of components from different signaling pathways,
we want to identify the protein complexes essential for signal integration. In addition, we
are also using, or plan to use, forward and reverse genetic approaches to find compo-
nents important for signal integration.
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Sascha Laubinger

Arabidopsis microRNAs (miRNAs) regulate many different aspects of plant development in-
cluding root, leaf and flower development, the transition from juvenile to adult phases and ad-
aptive developmental processes, such as the photoperiodic induction of flowering and stress
adaptation. Plant miRNAs are derived from longer primary-miRNA (pri-miRNA) transcripts,
which are transcribed by polymerase Il and contain an imperfect fold-back structure. Pri-
miRNAs are first trimmed by DCL1 to precursor-miRNAs (pre-miRNAs), from which DCL1
further excises the miRNA/MiRNA* duplexes (Fig. 1). DCL1 interacts with the dsRNA-binding
protein HYPONASTIC LEAVES1 (HYL1) and the zinc-finger protein SERRATE (SE), that en-
sure proper processing of the pri-miRNA (Fig.1). Processed miRNAs subsequently associate
with one of the ten Arabidopsis ARGONAUTE (AGO) proteins. Most plant miRNAs exhibit a
5'-uracil, which serves as a sign for association with AGO1. AGO1/miRNA ribonucleo-protein
complexes undergo base pairing with complementary regions of the target messenger RNAs
(mRNAs), resulting in mRNA cleavage or translational inhibition (Fig.1).

miRNA RNA degradation and/or
HYL1 SE translational inhibition

mRNA
AAAAAAA

MIRNA pri-miRNA pre-miRNA miRNA duplex mRNA/mIRNA pair

Figure 1 Overview of miRNA biogenesis in plants

The function of the nuclear cap-binding complex (CBC) and SERRATE in mRNA spli-
cing and miRNA processing

It has already been noted that the morphological appearance of weak se mutants is reminis-
cent of plants with mutations in ABH1/CBP80 and CBP20, which encode the two subunits of
the CBC (Fig. 2A). We could show that the CBC, like SE, is necessary for the proper proces-
sing of pri-miRNAs (Laubinger et al., 2008a). Transcriptome profiling revealed that se, abh1/
cbp80 and cbp20 mutants also share similar splicing defects, leading to the accumulation
of many partially spliced transcripts. Introns retained in se, abh1/cbp80, and cbp20 mutants
are not affected by mutations in the other genes required for miRNA processing or function.
This indicates that SE and the CBC are involved in more general RNA metabolism than the
specialized miRNA processing factors DCL1 and HYLA1.

Furthermore, we could show that SE directly interacts with the CBC, likely forming a higher-
order nuclear cap-binding complex guiding different RNA processing factors (DCL1 or the
spliceosome) to the nascent RNA molecules (Fig. 2 B, C).

The overall aim of our future research is to understand the mechanisms by which SE and
the CBC regulate different RNA processing steps and how SE and the CBC can discriminate

between mRNAs and pri-miRNAs, which undergo distinct maturation steps.
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The function of non-coding RNAs in abiotic stress responses

In the past, genome-wide analyses of stress transcriptomes focused mainly on protein-coding
RNAs. This is because standard gene-expression arrays typically represent protein-coding
genes. More recent studies, however, have revealed the diverse functions of so-called non-
coding RNAs in plant stress adaptation. The most prominent examples of non-coding RNAs
that have important regulatory functions are miRNAs. But other classes of small and long
non-coding RNAs are also implicated in regulating various plant stress responses.

We could show that some transposons and pseudogenes, which do not contain longer open-
reading frames, are constitutively expressed or become transcriptionally activated after stress
exposure (Laubinger et al., 2008b; Zeller et al., 2009). However, very little is known about
the function of transcriptionally reactivated pseudo-genes and transposons. As pseudogenes
and transposons often give rise to short interfering RNAs (siRNAs), one could speculate
that these siRNAs can act in trans to post-transcriptionally regulate the expression of target
genes.
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Several miRNAs have already been shown to be involved in plant stress responses. In order
to monitor changes in the expression of pri-miRNAs under stress conditions, we conducted a
whole-genome tiling-array experiment (Laubinger et al., 2010). We treated a dcl1 mutant with
salt, osmotic, cold or heat stress or directly applied the stress hormone abscisic acid (ABA). A
comprehensive analysis of nearly 200 MIRNA genes showed that up to 10 miRNAs are diffe-
rentially expressed under the respective stress conditions (Fig. 3). Heat and cold stress had
a much stronger impact on the expression of the MIRNA gene than salt stress, osmotic stress
or ABA treatment. These MIRNA genes will be subjected to in-depth analyses in the future.

The overall aim of our future research is to understand the function of stress regulated non-
coding RNAs and miRNAs during plant stress adaptation.
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Claudia Oecking

Reversible phosphorylation of proteins is a crucial signaling mechanism regulating almost all
aspects of cellular life in eukaryotes. Sometimes, however, phosphorylation is not sufficient
to modify the activity of the respective target protein and, in many such cases, 14-3-3 dimers
come into play. They bind phosphorylated consensus motifs of diverse target proteins within
the typical groove formed by each monomer (Fig 1) and operate by enforcing conformational
changes, by acting as an intermolecular bridge or by modifying the subcellular localization of
their clients.

Using a combination of biochemical, molecular and genetic studies, my laboratory is interes-
ted in unraveling the biological function of plant 14-3-3 proteins.

We identified 14-3-3 proteins as positive regulators of the plant plasma membrane H*-ATPase
that provides the driving force for nutrient uptake and maintenance of cell turgor. The enzyme
is kept at a low activity level by its C-terminal domain, the autoinhibitory action of which is
released upon phosphorylation of the penultimate residue and subsequent 14-3-3 associati-
on. The X-ray structure of 14-3-3 in complex with the entire binding motif (the C-terminal 52
residues of the H*-pump) (Fig 1) revealed that a 14-3-3 dimer is simultaneously occupied by
two H*-ATPases, assembled in an antiparallel configuration, and forming a loop within the
binding groove, thus allowing the C-terminal regions to exist together from the center of a
14-3-3 dimer. As suggested by this unusual structure, 14-3-3 association induces the assem-
bly of an active H*-ATPase oligomer. Furthermore, we could show that a network of kinases/
phosphatases is involved in H*-ATPase regulation, allowing gradual as well as fine-tuned
adjustment of its activity. Intriguingly, phosphorylation of most if not all residues finally impacts
on 14-3-3 association/dissociation.

Figure 1 Coordination of the H*-ATPase C-terminal 52 residues by a 14-3-3 dimer. Ribbon plot of 14-3-3 (individual monomers
given in dark and light green, respectively) in complex with two H*-ATPase peptides (dark and light blue, respectively). The right
panel shows the view rotated by 90° about the horizontal axis.
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In order to address the question of 14-3-3 function at the level of the whole organism, we ana-
lyzed the gene expression pattern of individual Arabidopsis 14-3-3 isoforms and performed a
yeast two hybrid screen. Approximately 30% of the putative interactors could be assigned a
function in signaling. In this regard, several members of both the group-A bZIP transcription
factors (among those FLOWERING LOCUS D (FD)) and the NPH3 family (among those NON
PHOTOTROPIC HYPOCOTYL (NPH3) and ENHANCER OF PINOID (ENP)) were captured
in the screen. We confirmed these interactions by bimolecular fluorescence complementa-
tion. FD is known to act in concert with the ,florigen“ FT to activate floral identity genes in
the shoot apex and thus, to promote flowering, while NPH3 and ENP cooperate with distinct
AGC kinases to regulate polar auxin transport. In each case, the 14-3-3 binding site has been
identified and the future challenge will be to determine the functional consequence of 14-3-3
association and to analyze its physiological significance in vivo. Preliminary experiments sug-
gest that 14-3-3s enable FD to interact with FT, thus functioning as an intermolecular bridge.

There is an ongoing discussion concerning the pressing question of functional diversity
among particular 14-3-3 isoforms (13 in Arabidopsis). With respect to one major phylogenetic
group, the ancient epsilon group, ethanol-inducible RNA-interference was used to suppress
the function of three isoforms that are ubiquitiously expressed. The ethanol-dependent re-
duction in the expression of the targeted isoforms is efficient and furthermore, seems to
be specific (Fig 2). Remarkably, ethanol treatment revealed a dramatic growth retardation
and severe development defects (Fig 2). Epinastic cotyledons, agravitropic growth and pro-
nounced defects in root hair elongation, as well as apical hook formation, are phenotypes
that are frequently observed in auxin mutants. A number of experiments indicated the 14-3-3
epsilon group members to be essential for auxin transport processes, and future experiments
will aim at identifying the molecular basis of 14-3-3 dependent regulation of auxin transport.

Figure 2 The 14-3-3
epsilon group members are
essential for plant growth
and development. Primary
root length as well as
semiquantitative RT-PCR
analysis of seedlings grown
in the absence or presence
of ethanol. S