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1 General information 
 
1.1 Applicant university, other participating institutions 
 
 Name of University 
Applicant university Justus Liebig University Giessen 
Other participating university Philipps University Marburg 
Other participating institutions Max Planck Institute for Heart and Lung 

Research, Bad Nauheim 
Max Planck Institute for Terrestrial 
Microbiology, Marburg 

 
1.2 Designated spokesperson 
 
Last name, first name, academic title Research area 
Sträßer, Katja, Prof. Dr. Nuclear mRNP packaging, mRNA export 

 
1.3 Participating researchers 
 
Last name, first name, academic title Research area 
Böttger, Thomas, Apl. Prof. Dr. 
 

miRNA and lncRNA in vivo function, 
cardiovascular disease 

Friedhoff, Peter, Apl. Prof. Dr. 
 

Helicases/ ATPases, DNA repair, protein-
protein interactions 

Goesmann, Alexander, Prof. Dr. 
 

Microbial genomics, 
automated workflows for Big Data analysis 

Evguenieva-Hackenberg, Elena, Apl. Prof. Dr. 
 

RNA processing and degradation, 
regulatory RNAs, RNases 

Hartmann, Roland, Prof. Dr. 
 

RNA processing, transcription,  
noncoding RNAs 

Höfer, Katharina, Dr. 
 

Bacterial transcriptomics, RNA modification, 
NAD capping 

Kilchert, Cornelia, Dr. 
 

RNA degradation, RNA-protein interaction 
networks 

Niepmann, Michael, Apl. Prof. Dr. 
 

RNA virus replication, mRNA translation 
regulation 

Rossbach, Oliver, Dr. 
 

miRNA and circRNAs, RNA-protein 
interaction (iCLIP), alternative splicing 

Schneider, Andre, Dr. 
 

Post-transcriptional networks; 
cardiovascular system, mouse models 

Shalamova, Lyudmila, Dr. 
 

RNA viruses, viral RNP, RNA structure, 
RNA sensing by innate immunity 

Weber, Friedemann, Prof. Dr. 
 

RNA viruses, cellular response mechanisms 
in viral infection, innate immunity 

Ziebuhr, John, Prof. Dr. 
 

RNA viruses, RNA structure, coronavirus 
reverse genetics, viral RNA enzymes 

 
 
1.4 Funding period and start date 
 
The requested second funding period is 4.5 years, starting January 1st, 2023. 
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1.5 Number of doctoral researchers and student assistants 
 
 Number  

Individuals funded through the Research Training Group  

Doctoral researchers [position with 65 % of full-time hours] 13* 
Doctoral researchers in medicine 0 
Postdoctoral researchers 0 
Qualifying fellows 0 
Student assistants& 13* 

Anticipated number of individuals funded from other sources  

Doctoral researchers 13* 
Doctoral researchers in medicine 0 
Postdoctoral researchers 1 

* one of these 13 positions is requested / associated for 1.5 years only 
& one student assistant per group for 5 months with 40 hours per month each year 
 
2 Profile of the Research Training Group 
 
2.1 Focus and goals of the programme 

 
The genome contains the blueprints for all RNAs and proteins available to a cell. Some of these 
perform basic cellular functions and are continuously produced, others are only required in 
specialised cell types or under exceptional circumstances and can even be detrimental if 
produced at the wrong time. The ability to adopt an optimal pattern of gene expression is a 
key determinant of cellular fitness and has been an important driver of evolution. Maintaining 
a mode of gene regulation that is both flexible and robust is a fundamental challenge for all 
biological systems. The need to integrate many different inputs and to establish feedback control 
mechanisms has led to the development of complex gene-regulatory networks with many 
interdependencies. RNA is a central molecule of gene expression that is not only a direct 
target of regulation, but also a regulatory agent. Both of these roles are the particular focus 
of our research training programme. Advances in high-throughput sequencing approaches 
over the last decade have identified many novel classes of non-coding RNAs, and we are only 
beginning to appreciate how versatile these molecules are used in cells. Examples of non-coding 
RNA function that have been reported in this highly active research area with many open 
questions include their roles as scaffolds and recruiting platforms, protein or RNA sponges, 
allosteric regulators of protein activity, or molecular sensors. Since function can strongly depend 
on RNA structure, regulatory interventions that have an impact on base-pairing abilities and RNA 
folding – such as RNA editing, base modification or RNA structure remodelling – offer an 
additional layer of control that is underexplored. Within our programme, we aim to establish how 
such mechanisms that allow control and fine-tuning of RNA function contribute to the 
plasticity of gene-regulatory networks. As the regulation of gene expression underpins all 
cellular processes, this research has the potential to improve our understanding of many topics 
of high medical relevance, such as bacterial biofilm formation, diet-induced changes to 
metabolism, virus infection, and disease.  
 
2.2 Profile of the research programme 
 
As in the first funding period, we seek to bring together experts on different aspects of RNA biology 
to jointly address RNA-based gene-regulatory mechanisms that target different stages of 
the mRNA life cycle in a broad range of model organisms. We are interested in the following key 
processes that serve as important points of control in mRNA metabolism (Figure 1): 

(1) Transcription and mRNP biogenesis 
(2) Regulation of RNA processing and function 
(3) Translation and RNA decay 
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When elucidating the RNA-based regulation of these processes, some groups focus on the 
function of short non-coding RNAs in prokaryotes, which can act both co- and post-
transcriptionally. Other groups investigate long circular or antisense RNAs that are expressed in 
specialised cell types and contribute to the establishment of tissue-specific patterns of gene 
expression. Still others are experts on RNA-protein interactions and investigate the composition 
of ribonucleoprotein particles and their dynamic remodelling during RNA processing or the 
adaptation of the RNA-protein interaction landscape in response to viral infection. In addition, we 
will expand our focus to investigate the functional contribution of RNA modification and RNA 
structure to RNA-based gene regulation more systematically, with an emphasis on RNA structure 
remodelling by RNA helicases. In addition, multiple projects – including two new ones – will be 
devoted to RNA viruses and their interactions with the cellular RNA metabolism, reflecting the 
growing interest in this research area. Importantly, the doctoral students not only gain knowledge 
related to their specific project but also obtain an overview of RNA biology in a broad range of 
experimental model systems. All doctoral students will have the opportunity to familiarise 
themselves with a wide array of methods important for this field. These include state-of-the-art 
RNA biochemical methods, high-throughput approaches (such as transcriptomics and RNA-
protein interactomics including the bioinformatic analyses) and tools that characterise RNA 
features beyond its sequence, particularly structural probing and RNA modification mapping 
(epitranscriptomics).  

During the first funding period, 
we established a highly 
successful and interdisciplinary 
network between the participating 
doctoral researchers and PIs at 
three academic institutions that 
share a tradition of cooperation. 
We now extend the environment 
of our RTG to the MPI for Terrestrial 
Microbiology in Marburg. Among 
other benefits, this allows RTG 
members to access additional core 
facilities for proteomic and 
transcriptomic analyses (including 
Nanopore Sequencing).  

The team of our RTG will 
consist of 13 PIs who oversee 12 
projects, 12 doctoral students 
funded by the RTG, 12 associated 
doctoral students and one 
associated postdoctoral re-
searcher. One additional project & 
PI with one funded doctoral student 
will be part of the RTG during the 
first 1.5 years of the second funding 
period (Niepmann). 

Four PIs of the first funding 
period retire from the RTG due to 
the end of their active research and 
teaching careers: A. Bindereif, 

 

Figure 1: Research areas of RTG 
2355. Upper panel: Biological processes 
at the focus of our RTG. Lower panel: 
Distribution of the different projects (PIs) 
among the biological focus areas. An 
assignment of individual PIs to multiple 
focus areas is possible. 
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G. Klug, K.-H. Kogel and M. Niepmann (M.N. after 1.5 years into the second funding period); A. 
Koch relocated to the University of Hohenheim to set up her own lab as an independent group 
leader. Importantly, we recruited new PIs with exciting complementary expertise and 
technologies, who will head four new projects and further strengthen the quality and originality of 
our research programme. Katharina Höfer heads an independent Max Planck Research Group 
and has extensive expertise in chemical biology and the identification and characterization of 
RNA modifications. Cornelia Kilchert heads an Emmy Noether-funded research group with 
extensive expertise in RNA-protein-interactomics, labelling and crosslinking techniques and has 
been associated with the RTG as a guest PI during the first funding period. Friedemann Weber 
and Lyudmila Shalamova (a postdoctoral researcher) are experts on pathogenic RNA viruses and 
their molecular biology including RNA-protein interactions, with a focus on the cellular response. 
John Ziebuhr has longstanding expertise in RNA biochemistry and the study of pathogenic RNA 
viruses including the necessary infrastructure to produce genetically engineered coronaviruses. 
Thus, the new structure of our RTG will offer our doctoral students increased exposure to RNA 
virology. The combined training in RNA biochemistry including RNA structure analysis and 
molecular RNA virology will offer excellent career perspectives for our doctoral students.  
 
2.3 Profile of the qualification programme 
 
The qualification programme of this RTG aims to complement the practical research experience 
that the doctoral students gain while working on their individual projects with additional training 
and mentoring measures. Thus, our programme will provide an internationally competitive 
research-oriented education for our doctoral students. In particular, we offer: 
1) Close supervision by the PI familiar with the subject and a thesis advisory committee (TAC, 

see 5.2.1) that will support the doctoral student as the project evolves, help to identify 
overarching aims and quickly give advice in case a project develops differently than expected. 
Regular reports allow monitoring of students’ progress to ensure timely completion of their 
doctoral projects. 

2) Research-oriented and transferable skills training. This will include seminars within the 
RTG and by invited speakers, lab courses, workshops, and symposia. A flexible system of 
mandatory and optional elements ensures that doctoral students become familiar with the 
essential core topics but can also choose additional training elements according to their 
individual needs.  

3) Organisational training and independence. We put a strong focus on “learning-by-teaching” 
and involve students in the organisation of seminar series and symposia.     

4) Opportunity to spend time in an external laboratory. In addition to being involved in 
international collaborations of their PIs, RTG students will be offered the opportunity for short-
term research stays in international laboratories to gain the experience of working at leading 
research institutions in an international environment. 

Taken together, the key aims of our programme are: 
1) To connect researchers with complementary expertise in RNA biology to accelerate the 

scientific exploration of RNA-based regulatory networks and to promote the transfer of 
knowledge. We strive to facilitate the collaborative design of innovative approaches and to 
build an efficient and lasting network. 

2) To support doctoral students in acquiring a thorough background in RNA biology and 
becoming excellent scientists capable of addressing future scientific challenges in any kind of 
environment (academia, industry, publishing, regulatory authorities, patent agencies, legal 
affairs, science management and policy, etc.). Recent developments have firmly established 
RNA as a promising therapeutical agent and have underscored the need for qualified RNA 
scientists (see report). 
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3 Research programme 
 
3.1 Objectives and work programme 
 
3.1.1 Core research idea 

 
In the first funding period, we successfully established a graduate research and training 
programme that promotes an integrated perspective of gene expression control. Our research 
focusses on the mechanistic coupling of RNA-regulatory processes to investigate how 
regulatory networks at the interface between coding and non-coding RNAs govern the 
mRNA life cycle. For this, we brought together researchers with expertise on various stages of 
the mRNA life cycle in a broad range of model organisms. We developed a joint research 
programme targeted at understanding how such RNA-based regulatory networks are 
implemented at the molecular level. In particular, the research has been focussed on 
understanding how the following molecular determinants act to shape gene expression output 
at various stages: 
(A) short and long non-coding RNAs with gene-regulatory functions, 
(B) dynamic RNA-protein interactions, either in the context of large ribonucleoprotein particles 

or with a focus on a specific molecule. 
The four new projects (K. Höfer, C. Kilchert, L. Shalamova & F. Weber, J. Ziebuhr) establish a 
new focus that reflects an emerging theme in our research programme, namely regulatory 
interventions that directly target the RNA to produce changes in gene expression outcome:  
(C) RNA structure remodelling and RNA modification. This additional mechanistic focus was 
inspired by developments during the first funding period and has many links to existing projects.  
 

Our research and training programme is characterised by a particular diversity of 
experimental model systems, ranging from biochemical in vitro systems, prokaryotic, yeast and 
mammalian cell culture and animal models, to disease and viral infection models. We combine 
classical molecular biology with RNA biochemistry and high-throughput sequencing applications, 
including RNA modification mapping and structural probing, and cutting-edge bioinformatic 
analysis support. We provide training in state-of-the-art methods in RNA-protein interactomics 
with expertise in both crosslinking- and proximity labelling-based strategies. The broad scope of 
model systems and the complementary expertise of the different research labs allow for 
synergistic interactions within the RTG 2355, as 14 PIs at four institutions, including three early-
career scientists (K. Höfer, C. Kilchert, L. Shalamova), jointly investigate regulatory networks in 
mRNA metabolism. Most of the participating researchers (10 out of 14) are located at the 
University of Giessen, the others at the neighbouring University of Marburg (R. Hartmann), the 
Max Planck Institute for Terrestrial Microbiology in Marburg (K. Höfer) and the Max Planck 
Institute for Heart and Lung Research in Bad Nauheim (T. Böttger, A. Schneider). 
 
3.1.2 Core research programme: general structure and common scientific interests 
 
Our research training group involves 14 investigators (see Appendix 1) who are driven by a 
common interest in understanding how RNA-based regulatory networks intersect with the 
various stages of the mRNA life cycle – ranging from transcriptional control, RNA processing, 
mRNA and mRNP biogenesis, and nuclear export to cytoplasmic translation and RNA decay.  

Although the topics of the 13 research projects are biologically diverse, they are integrated 
into a joint strategy and interconnected at many levels (see 3.2 for details). Many projects share 
a common focus on the specific process that is the primary target for regulation in the biological 
system under study (see 2.2); others are connected by a unifying interest in a particular regulatory 
mechanism, promoting collaborative efforts within an interdisciplinary framework (see 3.1.3).  
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3.1.3  Current state of research 
 
In all living cells, the genetic material is stored in the form of DNA, which serves as a stable 
repository of the hereditary information and encodes the entire protein and RNA repertoire 
available to the cell. This information becomes accessible to the biosynthetic machinery through 
the process of transcription, during which the DNA template is copied into an mRNA transcript. 
Depending on cell type and gene, the amount of detectable transcript can range from < 1 copy 
per cell (with the mRNA present in only a few cells within a population) to thousands of copies 
per cell, which can be translated with varying efficiency. In eukaryotes in particular, mRNAs 
undergo a host of regulatory interventions (1): mRNAs are processed through capping, 
splicing and tailing reactions; some are edited, chemically modified or subjected to nucleolytic 
processing; mRNAs are exported from the nucleus, and may then be actively transported before 
they serve as a template for protein synthesis. In the end, all mRNAs are degraded, either through 
constitutive decay pathways or because they trigger one of a variety of specialised quality control 
mechanisms (2). All these events are subject to regulation and jointly determine gene 
expression outcome. Importantly, different steps of gene expression do not occur in a 
consecutive manner, but as spatially and temporally coordinated processes that are 
interconnected and intricately controlled (3). 

Recent advances in high-throughput sequencing applications have allowed researchers to 
map transcript characteristics at a systems level, providing information on polyadenylation status, 
transcription start site usage, alternative splicing and 3’ cleavage patterns, RNA modification and 
editing, ribosome association, RNA folding and transcript half-lives (4–8). This has provided 
snapshots of diverse biological systems and revealed dynamic adaptations of networks as they 
react to internal and external cues. The transcriptome, it appears, is both robustly controlled and 
infinitely complex. Information from other intersecting processes – e.g., non-coding RNA 
availability, RNA-protein interaction data, chromatin organisation, and antisense or overlapping 
transcription (9–11) – has unveiled the intercorrelation of events and exposed the regulatory 
networks that connect these processes. 

The projects within this programme have the aim to understand how these networks are 
implemented at the molecular level, i.e., to identify and characterise molecular determinants that 
initiate a coordinated response. During the first funding period, a central focus has been on short 
and long non-coding RNAs as key regulators of gene expression.  

Regulatory short and long non-coding RNAs (sRNAs and lncRNAs) are known to act through 
a variety of mechanisms, for example as direct regulators, scaffolds, molecular sponges or 
guides (12–15). Protein-binding RNA regulators modulate protein activity either through allosteric 
control or by occupying enzymes’ active centres in an act of molecular mimicry. Bacterial 6S RNA, 
for example, mimics B-form promoter DNA and the transcription bubble to block activity of the 
RNA polymerase holoenzyme (16). During the first funding period, the lab of R. Hartmann has 
identified developmental programmes that are under the control of two differentially expressed 
6S RNA paralogs in Bacillus subtilis (B. subtilis) and revealed the importance of the 6S-2 isoform 
in suppressing biofilm formation (17). In the second funding period, in a series of molecular 
interaction studies, they aim to understand how the different isoforms can regulate transcription 
in a gene-specific manner (P10).  

RNA scaffolds, on the other hand, bring proteins together or help drive the formation of 
molecular condensates, thereby creating areas with a high local concentration of specific proteins. 
For example, RNA scaffolds can promote the placement of post-translational modifications on 
RNA-binding proteins (RBPs) or recruit chromatin modifiers to regulate splicing (18, 19). During 
the first funding period, the lab of T. Böttger identified an antisense lncRNA that appears to 
modulate the 3’ end processing of its cognate sense mRNA by facilitated recruitment of 
processing factors. For the second funding period, they now propose an experimental strategy to 
determine the exact mechanism of regulation (P12). Several labs within the RTG 2355 are 
interested in circular RNAs (circRNAs), highly stable RNA species that are efficient molecular 
sponges (20). While A. Schneider has identified an endogenous circRNA that regulates adipose 
tissues and is predicted to act as a microRNA (miRNA) sponge (P13), O. Rossbach has 
developed procedures to efficiently produce synthetic circRNAs and optimise their miRNA 
sequestration capacity, at the same time exploring their applicability as therapeutic agents (21–
24) (P4). In parallel, the group of A. Bindereif has developed circRNA sponges that target RBPs 
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(25). Two groups focus on bacterial sRNAs that base-pair with mRNAs to positively or negatively 
regulate translation and stability (26). During the first funding period, the lab of G. Klug identified 
RNases involved in sRNA processing in Rhodobacter and demonstrated their role in adaptation 
to stress (27–29). The lab of E. E.-Hackenberg discovered that the attenuator sRNA of the trp 
operon (rnTrpL sRNA) has functions in trans in bacteria such as Sinorhizobium meliloti and 
Escherichia coli (30, 31). Furthermore, in Sinorhizobium, the leader peptide peTrpL acts in 
antibiotic-containing ribonucleoprotein complexes dedicated to mRNA destabilisation (32, 33). 
They now plan to explore the molecular mechanisms of rnTrpL and its antibiotic-dependent 
reprogramming in E. coli during the second funding period (P5). Although the nature of the 
ncRNAs studied varied from project to project, the different experimental expertise fostered 
cooperation and exchange, leading, among other things, to the collaborative development of 
experimental strategies (34, 35). 

RNA-protein interactions are an indispensable component of RNA-regulatory networks. 
The number of proteins known to regulate aspects of primary RNA metabolism through direct 
interaction with RNA is vast. In the last decade, the emerging field of RNA-protein interactomics 
has expanded the list of known RBPs considerably, with new estimates considering up to 15% of 
all proteins capable of interacting at least transiently with RNA, although the functional 
consequences of the interactions are not always clear (36, 37). Comparative studies have further 
highlighted the plasticity of the RNA-protein interaction landscape, pointing to dynamic 
remodelling of RNA-protein interactions as a driving force for network adaptation (38–40). 
At the level of an individual eukaryotic transcript, the protein coat of the ribonucleoprotein 
particle (mRNP) communicates the status of the mRNA to the surrounding environment 
throughout all stages of the mRNA life cycle. As RNA fate decisions are molecularly encoded in 
the mRNP, mRNP remodelling serves as a marker of transcript maturation (41, 42). 

Several labs in the RTG 2355 are interested in the network adaptation aspect: In the second 
funding period, the lab of O. Rossbach proposes to analyse how different viruses, including 
SARS-CoV-2 and Rift Valley Fever Virus (RVFV), exploit the plasticity of RNA processing 
networks to reconfigure the cellular machinery with the help of viral protein-RNA interactions (P4); 
for this, they will use the synthetic circRNAs that were developed during the first funding period 
as a tool to inhibit viral-host interactions (see above). L. Shalamova & F. Weber plan to examine 
how viral RNAs activate a major regulator of mRNA translation, protein kinase R (PKR), with a 
particular focus on the structural determinants that differentiate activating and inhibitory RNA 
interactors (P8). During the first funding period, the lab of M. Niepmann demonstrated that cellular 
glycyl-tRNA synthetase (GARS) stimulates poliovirus translation by recruiting initiation factors to 
the viral RNA. Having identified potential GARS-interacting motifs in other viral and cellular 
mRNAs, they now propose to assess the impact of RNA-GARS interactions on RNA processing 
decisions and post-transcriptional gene regulation (P7). 

Two projects have mRNA packaging and mRNP maturation as their major topic: During the 
first funding period, P. Friedhoff and K. Sträßer investigated different functional aspects of two 
mRNP components, the RNA helicase Sub2 and its associated protein Tho1. Analysing a series 
of truncation constructs in vitro, P. Friedhoff identified a novel RNA-annealing activity for Tho1 
and demonstrated a role for the complex in the remodelling of RNA:DNA hybrids. K. Sträßer 
showed that this activity functions in R-loop resolution in vivo and determined the role of Tho1 in 
mRNP formation. Through targeted in vitro experiments, P. Friedhoff now aims to identify the 
exact mechanism through which Tho1 and Sub2 initiate RNA strand displacement to allow 
reannealing of DNA duplexes (P2). Having identified RNA-interacting residues in Sub2 and Tho1 
through a dedicated crosslinking-MS approach (with H. Urlaub), the lab of K. Sträßer plans to 
generate targeted RNA-binding mutants of Sub2 and Tho1 and their mammalian homologs, 
UAP56 and SARNP, to evaluate the contribution of direct RNA-protein interactions to the function 
of these mRNP components (P1).  

Because RNA-protein interactions are central to all RNA-regulatory processes, the presence 
of labs with strong technical expertise in this area has been advantageous for the successful 
development of many projects within the RTG 2355 and has resulted in several collaborative 
publications, involving, for example, iCLIP (with O. Rossbach) and bioinformatic analyses (with 
A. Goesmann) (P6) (22, 43, 44). In the second funding period, Nadine Wäber, a Just’us Fellow 
at the Institute of Biochemistry at JLU and RTG-associated postdoc, will contribute her 
methodological expertise in gradient-based techniques to study large RNPs. 
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  RNA structure and RNA modifications modulate RNA-protein interactions and post-
transcriptional gene regulation. RNA folds into three-dimensional structures as soon as it 
leaves RNA polymerase (45). In prokaryotes, it has long been recognised that alternative RNA 
structures, termed RNA switches – induced, for example, by binding of a metabolite – can mask 
or reveal functional sites and lead to very different gene expression outcomes (46, 47). In 
eukaryotes, interest in the contribution of RNA folding to regulation has been spurred by the recent 
development of genome-wide approaches that probe RNA structure, making it evident that RNA 
structure is remodelled as the mRNA passes through the mRNA life cycle (6, 48–50). In 
particular, strong links between structure and function have been well established also for 
ncRNAs and viral RNA (51–53). Multiple mechanisms can contribute to changes in RNA folding. 
Several labs in the RTG 2355 are interested in RNA remodelling helicases that can modify RNA 
structure through ATP-dependent unwinding and annealing activities. K. Sträßer and P. Friedhoff 
investigate Sub2, a helicase involved in early mRNP packaging (see above). The lab of C. Kilchert 
proposes to use structural probing to assay the contribution of RNA remodelling to a regulated 
intron retention event (P3). J. Ziebuhr is interested in the role of a coronavirus helicase in 
subgenomic RNA synthesis (54). In addition, his lab has devised a mutational strategy to 
determine the function of two conserved structural elements in coronavirus genomes (P9) (52, 
55, 56). Here, the complementary expertise of the participating laboratories (in vitro / in vivo) 
allows for particular synergies through interdisciplinary collaborations. 

RNA can not only be structurally remodelled, but also chemically modified in myriad ways, 
including, among many others, base methylation (e.g., N6-methyladenosine, m6A) or 
pseudouridylation. The advent of sequencing strategies that map different modifications has given 
rise to an entire new field of RNA biology, “epitranscriptomics” (4, 57, 58). RNA modifications can 
impact RNA-protein interactions through direct interference with protein binding or by influencing 
RNA structure (e.g. (59, 60)). The important role of RNA modifications in promoting translation 
and preventing non-self-recognition has been impressively demonstrated in the context of 
modified RNA vaccines that have proven to be an enormously powerful tool in overcoming the 
SARS-CoV-2 pandemic (61, 62). During the second funding period, the RTG 2355 will include an 
expert on RNA modification, K. Höfer. Having co-discovered NAD-capped RNA earlier in her 
career (63, 64), she now plans to assay the impact of NAD-capping on RNA stability during phage 
infection and will collaborate with other groups in the RTG 2355 on RNA modifications (P11). 
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3.2 Individual projects and interconnections 
 
In the following, we provide detailed descriptions of the individual research projects proposed by 
the participating scientists, including their interconnections within the RTG (see Figure 2), and 
the titles of potential thesis projects. Note that three participants are early-career researchers, 
two of them independent junior group leaders (P11 Höfer, P3 Kilchert), the other a postdoc 
heading a joint project with a senior principal investigator (P8 Shalamova & Weber). All three have 
successfully established their own scientific agenda; in the case of L. Shalamova, inclusion of the 
senior laboratory head reflects scientific and infrastructural support by F. Weber, including the 
necessary co-supervision of Ph.D. theses.  
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In addition, Nadine Wäber, who 
studies RNase P-associated complexes 
and their remodelling in response to 
external cues using density gradient-
based techniques, will be integrated into 
our teaching and mentoring network as 
an associated postdoc. The individual 
projects are further embedded in other 
local and national consortia (for more 
information, see Section 6). 

 
 

 
3.2.1 P1: Functional characterization of the antagonistic interactors Sub2 and Tho1 in 

nuclear mRNP biogenesis (Katja Sträßer) 
 
State-of-the-art and preliminary work 
An essential step of gene expression is the co-transcriptional packaging of the mRNA into an 
mRNP by binding of nuclear RBPs to the mRNA (1-3). Correct mRNP packaging is a prerequisite 
for the nuclear export of the mRNA and often controls cytoplasmic processes such as translation 
and mRNA decay (4). In S. cerevisiae, the nuclear RBPs that package the mRNA into an mRNP 
are known, but the molecular functions of most of these mRNP components, such as Sub2 and 
Tho1, have remained largely enigmatic (5-7). In the first funding period, we aimed to elucidate the 
function of the mRNP component Tho1 in nuclear mRNP biogenesis and export by determining 
the requirements of other proteins for Tho1 recruitment and vice versa as well as changes in 
mRNP composition and mRNA export in Tho1 mutants. The results of this work are mainly based 
on a deletion mutant of THO1. Furthermore, M. Miosga and P. Friedhoff discovered a novel 
function of Tho1, namely an RNA-DNA annealing activity in vitro. In collaboration with them, we 
showed that Tho1 functions in R-loop prevention in vivo. Two manuscripts about this work will be 
submitted soon. In addition, we identified the amino acids in close contact to RNA in vivo – and 
thus most likely binding to RNA – for Sub2 and Tho1, in order to specifically impair the RNA-
binding activity of these two proteins and analyse their functional significance in mRNP biogenesis 
and R-loop prevention. 
 
Specific aims 
The overall project aim is to determine the function of the RNA-binding activity of the mRNP 
components Sub2 and Tho1 as well as their mammalian homologs in vivo. Specifically, we will 
first generate point mutants of Tho1 and Sub2 that are impaired in RNA binding, in order to 
analyse the effect of these mutants / mutations on mRNP composition, nuclear mRNA export and 
mRNA stability. Second, we will analyse the activity of these mutants in vitro (in collaboration 
with P. Friedhoff). Third, we will generate analogous mutations in the mammalian homologs of 
Tho1 and Sub2, SARNP and UAP56/DDX39B, respectively, and analyse the role of RNA binding 
in mammalian cells. 
 
Work programme and methods 
In this project we aim to elucidate specifically the function of the mRNA-binding activity of the 
mRNP components Tho1 and Sub2 in nuclear mRNP assembly, mRNA stability and nuclear 
mRNA export. Most studies of the function of proteins have been performed with temperature-
sensitive / knockout / depletion mutants. Thus, the observed effect cannot be pinpointed to their 

Figure 2: Interconnections between the 
projects of RTG 2355. Colours of the 
projects reflect the biological focus areas. 
The main interconnections are depicted in 
blue with common publications highlighted 
in cyan. Additional possible collaborations 
are indicated with grey lines. 
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RNA-binding activity. Thus, we will unravel how the RNA-binding activity of Tho1 and Sub2 affects 
the recruitment of the other mRNP components/RBPs to the mRNP as well as nuclear mRNA 
export and mRNA stability. 

To do so, we already identified amino acids in close proximity to RNA in vivo by crosslinking 
mass spectrometry and generated point mutants in the mRNP components Sub2 and Tho1 to 
impair their RNA-binding ability and are now in the process of functionally analysing these 
mutants. First, we will determine whether the generated mutants are indeed impaired in RNA-
binding (in vitro and in vivo). Next, we will determine defects of the RNA-binding mutants of Tho1 
and Sub2 in terms of growth, recruitment of Tho1 and Sub2 but also other mRNP components to 
transcribed genes (by ChIP), changes in the composition of nuclear mRNPs, mRNA stability and 
nuclear mRNA export. 

To assess the activity of the generated RNA-binding mutants of Tho1 and Sub2 in vitro, we 
will determine RNA-binding (see above), ATPase, RNA helicase and RNA annealing activities (in 
collaboration with P. Friedhoff). 

In addition, we will generate analogous RNA-binding mutants in SARNP and 
UAP56/DDX39B, the mammalian homologs of Tho1 and Sub2, and assess their defects in mRNP 
composition, RNA stability and nuclear mRNA export in cell lines. 

Taken together, the results of this project will reveal the conserved functions of the RNA-
binding activity of Tho1/SARNP and Sub2/UAP56 in nuclear mRNP assembly, nuclear mRNA 
export and RNA stability. 
 
Potential thesis projects 
 Molecular function of Tho1’s RNA-binding activity in nuclear mRNP biogenesis 
 Molecular function of the RNA-binding activity of Sub2 in nuclear mRNP biogenesis 
 Molecular consequences on nuclear mRNP biogenesis of the loss of RNA binding of SARNP 

and UAP56/DDX39B in higher eukaryotes 
 
Primary project categories 
transcription and mRNP biogenesis, dynamic RNA-protein interactions 
 
Interconnections within the research training group 
 Friedhoff: In vitro analysis of Tho1/SARNP and Sub2/UAP56 RNA-binding mutants 
 E.-Hackenberg: 16S rRNA pseudouridylation in E. coli. 
 Hartmann: expression of B.s. core RNAP in S. cerevisiae; complementation analysis with RNA 

processing enzymes in S. cerevisiae; ChIP-seq to analyse the distribution of RNAP on the Bsu 
genome 

 Höfer: NAD-capped mRNAs present in nuclear mRNPs in S. cerevisiae. 
 Kilchert: Comparative analyses of the RNA-helicases Dpb2 and Sub2 in S. cerevisiae, S. 

pombe and mammalian cells 
 Shalamova & Weber and Ziebuhr: RNA structural probing, function of coronavirus RNA 

helicases 
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3.2.2 P2: Molecular mechanism of Sub2 and Tho1 in nuclear mRNP biogenesis and 
RNA:DNA hybrid prevention (Peter Friedhoff) 

 
State-of-the-art and preliminary work 
An essential step in eukaryotic gene expression is the export of mRNA from the nucleus. In S. 
cerevisiae, the evolutionary conserved TREX (TRanscript-EXport) plays a key role in mRNP 
formation, a prerequisite for nuclear mRNA export, and consists of the THO complex (comprised 
of Tho2, Hpr1, Mft1, Thp2 and Tex1), the RNA helicase Sub2 and three other proteins (1). Sub2 
(human UAP56/DDX39b) is a DEAD-box RNA helicase involved in splicing and nuclear RNA 
export (2,3). The hyper-recombination phenotype and mRNA export defect of the THO mutant 
hpr1Δ is suppressed by overexpression of Sub2 or Tho1 (human CIP29/SARNP) (4). In humans, 
CIP29/SARNP forms a complex with UAP56/DDX39b and the so-called AREX complex with 
URH49/DDX39a (5-6). In S. pombe, Tho1 overexpression leads to chromosomal missegregation 
and lethality (7). Noteworthy, CIP29/SARNP is highly expressed in human cancers (8) and human 
UAP56/DDX39b is important for the prevention of RNA-DNA hybrids during transcription, so-
called R-loops (9).  

In the first funding period, we established biochemical assays to monitor the ATPase, RNA-
binding and helicase activities of Sub2 in a high-throughput microtiter plate format. Cysteine 
variants and fusion proteins of Sub2 were generated to study its interaction with RNA and other 
proteins via FRET experiments. We showed that a ternary complex between Sub2, Tho1 and 
RNA forms in an ATP-dependent manner. Interestingly, our real-time RNA helicase assays 
revealed an inhibition of Sub2 by Tho1. Importantly, we discovered a novel nucleic acid-
annealing activity of Tho1. In RNA annealing, Sub2 and Tho1 cooperate and can remodel 
RNA:DNA hybrids efficiently. In collaboration with K. Sträßer we showed that Tho1 functions in 
R-loop prevention in vivo.  
 
Specific aims 
Our goal for the second funding period is to study the details of the physical and functional 
interaction between Sub2 and Tho1 in mRNP formation and RNA:DNA hybrid resolution in vitro. 
Based on the recently described activity of the human Sub2 homolog UAP56/DDX39b to remove 
R-loops during transcription, we hypothesise that Tho1 plays a novel role in RNA:DNA hybrid 
remodelling and mRNP formation via its physical interaction with Sub2 and nucleic acid annealing 
activity. Specifically, we will first identify the interaction surface between Sub2 and Tho1 using 
mutational analysis combined with chemical crosslinking and functional studies. Second, we will 
analyse whether Tho1 binds RNA/DNA with a preference for certain primary sequences or 
secondary or tertiary structures by testing different model substrates in vitro and in vivo (iCLIP in 
collaboration with O. Rossbach). Third, we will test whether the biochemical activities of S. 
cerevisiae Sub2 and Tho1 are also conserved in S. pombe (in vivo with C. Kilchert) and humans.   

 
Work programme and methods 
To identify the interaction site between Sub2 and Tho1, we will use a combined approach of 
mutational analysis coupled to functional assays, site-specific crosslinking, and crosslinking/MS. 
Moreover, we will use in vitro RNA-protein crosslinking to map the RNA-binding sites of Sub2 and 
Tho1. Here, we will exploit our experience from the DNA repair field, where we were successful 
in trapping transient complexes for structural and biophysical analysis (10). In combination with 
the new cryo-EM structure of the THO-Sub2 complex, we will generate Sub2 (or Tho1) mutants 
defective in selected interactions between proteins and/or RNA and characterise them first in 
vitro. To assess the biological defects of the Tho1 and Sub2 mutants in vivo, we will collaborate 
with K. Sträßer (S. cerevisiae) and C. Kilchert (S. pombe). 

In addition, we will determine the details of the nucleic acid interaction (DNA, RNA, 
DNA:RNA) of Tho1 and test for any primary, secondary or tertiary structural preferences. Since 
the primary sequence of Tho1 is much less conserved than Sub2 and its homologs (e.g., UAP56 
can rescue a sub2 phenotype), we will test Tho1 homologs from other organism or chimeric 
variants thereof for their ability to form complexes with Sub2 and to supress the hpr1Δ phenotype 
in S. cerevisiae and to cause the missegregation and lethality phenotype S. pombe (in 
collaboration with K. Sträßer and C. Kilchert).  
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Taken together, the results of this project will reveal the functions of Tho1/SARNP and 
Sub2/UAP56 in R-loop prevention at a mechanistic level and their conservation. 
 
Potential thesis projects 
 Analysis of the Sub2-Tho1-RNA complex using functional assays combined with mutational 

analysis and chemical crosslinking 
 Analysis of the mechanism of nucleic acid annealing and remodelling of S. cerevisiae Tho1 

and homologs from S. pombe and H. sapiens 
 
Primary project categories 
transcription and mRNP biogenesis, dynamic RNA-protein interactions 
 
Interconnections within the research training group 
 Sträßer: In vivo analysis of Tho1/SARNP and Sub2/UAP56 interaction mutants 
 Kilchert: minimal in vitro system for Dbp2-dependent RNA structure remodelling; comparative 

analysis of RNA remodelling and RNA:DNA hybrid processing by S. cerevisiae and S. pombe  
Sub2 and Dbp2 

 Evguenieva-Hackenberg: In vitro analysis of ARNP by FRET 
 Ziebuhr: In vitro analysis of RNA remodelling by coronavirus RNA helicases 
 Hartmann: Mapping of RNA-protein contacts, fluorescence labelling of proteins 
 Rossbach: In vivo analysis of RNA binding of Tho1 and Tho1 mutants using iCLIP and 

interaction of Tho1/Sub2 with circRNAs 
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3.2.3 P3: Molecular characterisation of the impact of DEAD box helicase-dependent 

structural RNA remodelling on a regulated intron retention event (Cornelia 
Kilchert) 

 
State-of-the-art and preliminary work 
Gene expression is a multi-step process that is regulated at many levels and to which a multitude 
of RBPs contribute (1). Across kingdoms, DEAD box ATPases are involved in multiple aspects of 
RNA metabolism, including RNA maturation and decay, regulation of translation, RNA granule 
homeostasis, and the modulation of non-coding RNA activity. At the molecular level, they act as 
RNA remodelling helicases and their various biological functions are thought to depend on their 
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ability to rearrange structural RNA elements and remodel entire mRNPs through RNA unwinding 
and annealing activities. However, the actual remodelling events responsible for the phenotypic 
output have rarely been characterised. Dead box protein 2 (Dbp2) of fission yeast is a conserved, 
essential member of the family that is recruited to transcribing RNA polymerase II and, among 
other things, regulates splicing of the second intron in its pre-mRNA to control protein expression 
in an instance of autoregulatory feedback control (2, 3). This suggests that RNA helicase-
mediated RNA structure remodelling can act as an on/off switch that governs RNA processing 
decisions. Dbp2-dependent regulation of the retention of intron 2 provides an ideal model system 
to establish the interconnections between RNA structure remodelling, altered RNA-protein 
interaction, and the observed change in RNA processing outcome at the molecular level. 
 
Specific aims 
The overall aim of the project is to elucidate how Dbp2-dependent RNA structure remodelling 
induces retention of a regulated intron. Specifically, we will first generate a Dbp2-sensitive 
splicing reporter system that will integrate intron 2 into a quantifiable reporter gene. Second, we 
will use in vivo RNA structural probing to map structural rearrangements that occur on the splicing 
reporter transcript in the presence and absence of Dbp2. Third, we will introduce targeted 
mutations into structural elements of the splicing reporter to determine their impact on splicing 
efficiency and its sensitivity to Dbp2. Finally, structural probing will be extended to cover the entire 
S. pombe transcriptome and will be combined with Dbp2-iCLIP (with O. Rossbach) to correlate 
Dbp2 RNA binding with alterations in RNA structure in the presence and absence of the protein. 
 
Work programme and methods 
In this project, we aim to understand how the RNA remodelling helicase Dbp2 regulates retention 
of a specific intron. From the study of this model system, we hope to gain important insights into 
how variations in RNA structure are coupled to different RNA processing outcomes and how RNA 
structure remodelling can contribute to the control of gene expression. 

Initially, we will generate a splicing reporter where the regulated intron 2 of Dbp2 is integrated 
into a reporter gene – we will use a fluorescent marker protein to be able to monitor gene 
expression output (an insertion of the S. pombe intron into a selectable auxotrophic marker is 
already available in the lab). Dbp2-mediated intron retention is conserved between S. pombe and 
S. cerevisiae, although the primary sequences of the introns show little similarity, and we plan to 
assay splicing reporters from the different yeasts in parallel to identify unifying mechanisms. The 
splicing reporters will be combined with a tuneable Dbp2 expression system already available in 
the lab. The rate of intron retention will then be measured at the transcript level (RT-PCR) and 
gene expression quantified using fluorescence. Once the splicing reporter system has been 
established, we will use dimethyl sulphate mutational profiling (DMS-MaP) to map Dbp2-
dependent RNA structure remodelling on the reporter in vivo (4). The role of any Dbp2-sensitive 
RNA structure identified by structural probing will be analysed by mutational analysis. For this, 
we will introduce mutations into the splicing reporters that are aimed at disrupting helical regions 
and combine them with compensatory mutations that allow reformation of the predicted structure. 
The impact of the mutations on intron retention and its dependence on Dbp2 will be assayed by 
RT-PCR to be able to build a model how the system is regulated. Time permitting, we aim to 
establish a minimal system that recapitulates RNA structure remodelling by Dbp2 on a long RNA 
model substrate in vitro to gain a detailed understanding of the molecular mechanisms (with P. 
Friedhoff). A protocol for the purification of Dbp2 from E. coli has previously been optimised in the 
lab and the activity of recombinantly expressed protein confirmed in in vitro RNA unwinding 
assays. In addition, once in vivo structural probing has been optimised, the focussed study will 
be extended to a genome-wide analysis of Dbp2-dependent structural rearrangements in coding 
and non-coding RNA. We will combine transcriptome-wide structural probing with Dbp2-iCLIP 
data (with O. Rossbach and A. Goesmann) to cross-reference Dbp2 binding sites with structural 
remodelling data, allowing us to filter for events that are likely to be directly mediated by Dbp2. 
The data will be integrated with results from a current project that uses comparative interactome 
capture (5, 6) to assay Dbp2-dependent remodelling of RNA-protein interactions (KI1657/3-1). 
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Potential thesis projects 
 Molecular characterization of the contribution of RNA structure remodelling to retention of a 

model intron. 
 Transcriptome-wide identification of RNA helicase-dependent RNA structure remodelling 

events. 
 
Primary project categories 
regulation of RNA processing and function, RNA structure remodelling and RNA modification  
 
Interconnections within the research training group 
 Friedhoff: minimal in vitro system for Dbp2-dependent RNA structure remodelling; comparative 

analysis of RNA remodelling and RNA:DNA hybrid processing by S. cerevisiae and S. pombe  
Sub2 and Dbp2 

 Hartmann, Sträßer: ChIP-seq to analyse the distribution of RNAP on the Bsu genome 
 Hartmann, Wäber: Grad-seq of 6S RNA:RNAP complexes 
 Goesmann: Automated iCLIP analysis and analysis of structural probing data 
 Rossbach: Dbp2-iCLIP in S. pombe 
 Sträßer: Comparative analyses of the RNA helicases Dpb2 and Sub2 in S. cerevisiae, 

S. pombe, and mammalian cells 
 Shalamova & Weber and Ziebuhr: RNA structural probing and analysis 
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3.2.4 P4: Analysis of interactions of viral proteins with cellular RNAs – how RNA 

viruses alter RNA networks (Oliver Rossbach) 
 
State-of-the-art and preliminary work 
circRNAs have recently become a focus of biomedical research. A cellular circRNA, 
CDR1as/ciRS-7, was identified as a neuronal miRNA sponge that sequesters and functionally 
inhibits miRNA-7 and regulates its homeostasis. Due to their elevated stability compared to linear 
RNAs, circRNAs represent a promising tool in biotechnological applications. We have developed 
artificial circRNAs produced in a cell-free system as a molecular tool to inhibit cellular miRNA 
function when transfected into cells. This was demonstrated in a proof-of-principle study where 
Hepatitis C Virus propagation was halted by sequestration of miRNA-122 (1). 

In the first funding period, we have optimised and streamlined the circRNA production 
process (2) and developed a circRNA decoy which targets the oncogenic miRNA-21 and thereby 
inhibits tumour growth in both 2D and 3D cell culture, as well as in xenograft mice when 
systemically delivered (3). In the course of these studies, the question arose if the cellular RNA 
sensors that recognise viral RNA as part of innate immunity will also trigger an immune response 
to artificial circRNAs. Foreign RNAs are recognised by sensors such as PKR, TLRs, RIG-I and 
MDA by distinctive features on the RNA. Our current results suggest that the cell cannot recognise 
foreign RNA if it is delivered as a covalently closed circle (unpublished data).  
 
  



Page 17 of 61 
 

Specific aims 
The overall project aim is to systematically analyse the influence of RNA virus infection on the 
cellular mRNA life cycle across various virus families to identify interaction surfaces where 
therapeutic circRNAs can interfere. We will first identify viral proteins that directly bind to cellular 
RNAs and identify their interaction partners by sequencing. Second, we will monitor changes in 
cellular mRNA processing and turnover induced by viral protein binding during infection, and 
third, we will develop and produce circRNA decoys that can interfere with these interactions, 
aimed at inhibiting crucial steps in the viral replication cycle. 
 
Work programme and methods 
In the second funding period, we will analyse the influence of RNA virus infection on the cellular 
mRNA life cycle. This is an important and understudied field in RNA virology. Using biochemical 
in vivo binding studies (CLIP; UV-crosslinking and immunoprecipitation), we aim to identify viral 
proteins that directly interact with cellular RNAs. The most prominent viral RNA-binding proteins 
will then be subjected to iCLIP-seq, where all RNAs that are bound to a specific viral protein in an 
infected cell will be purified and sequenced. These data will then be compared to the changed 
patterns of cellular mRNA processing and turnover upon virus infection (by RNA-seq), comparing 
infected to non-infected control cells in different stages of the viral replication cycle (with A. 
Goesmann). With help from L. Shalamova & F. Weber and J. Ziebuhr, a doctoral student will be 
trained in the basics of several viral model systems: alpha- and betacoronaviruses such as HCoV-
229E and SARS-CoV-2 (positive-strand RNA viruses); and the Rift Valley Fever Virus (RVFV; a 
negative-strand Phlebovirus). Preliminary work with L. Shalamova & F. Weber showed 
unanticipated cellular mRNA targets of the RVFV Nucleocapsid (N) Protein, and the study will be 
extended to other viral proteins. As experimental validation, the circRNAs we have developed can 
be applied as protein decoys to interfere with the identified interactions. Additionally, we will 
continue the fruitful CLIP collaborations with E. E.-Hackenberg, A. Goesmann, C. Kilchert, T. 
Boettger and M. Niepmann (4-8), and start new collaborations with the groups interested in 
studying RNA-protein interactions in a transcriptome-wide manner. Training courses in the iCLIP 
technique will be provided to doctoral students. 
 
Potential thesis projects 
 Identification of viral proteins that bind cellular RNAs during coronavirus and RVFV infection 
 Analysis of the temporal cellular RNA interactome of viral RNA-binding proteins by iCLIP-seq 
 Consequences of RNA virus infection on the cellular mRNA life cycle - Analysis of temporal 

changes induced by viral protein binding to cellular RNAs 
 
Primary project categories 
regulation of RNA processing and function & translation and RNA decay, dynamic RNA-protein 
interactions 
 
Interconnections within the research training group 
 Böttger: iCLIP experiments to identify RNA-protein interaction sites 
 E.-Hackenberg: iCLIP experiments of ARNPs 
 Friedhoff: In vivo analysis of RNA binding of Tho1 and Tho1 mutants using iCLIP and 

interaction of Tho1/Sub2 with circRNAs 
 Goesmann: Development of a user-friendly iCLIP-bioinformatics data analysis pipeline 
 Hartmann: iCLIP/PAR-CLIP on 6S RNA:RNAP complexes 
 Höfer: iCLIP experiments to identify Hfq-bound RNAs during T4 infection 
 Kilchert: Dbp2-iCLIP in S. pombe 
 Niepmann: Analysis of GARS binding to cis-elements in cellular RNAs by GARS-iCLIP 
 Schneider: m6A iCLIP and design of artificial adipo-circRNA 
 Shalamova & Weber: Analysis of PKR interactors among small and/or circular RNAs, 

infectious cell culture system 
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 Ziebuhr: CLIP analysis to identify specific interactions of viral proteins with cis-acting RNA 
elements located in the terminal genome regions; interactions of viral proteins with cellular 
RNAs 
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3.2.5 P5: Antibiotic-dependent and –independent functions of the trp attenuator-derived 

sRNA rnTrpL in Escherichia coli (Elena Evguenieva-Hackenberg) 
 
State-of-the-art and preliminary work 
Bacterial transcription attenuators are a potential source for functional sRNAs and leader peptides 
(1). The prototype of ribosome-dependent transcription attenuators is the attenuator of the 
tryptophan biosynthesis operon trpEDCBA in Escherichia coli. A similar attenuator is found 
upstream of trpE(G) in S. meliloti. In the first funding period, we found that in S. meliloti i) the trp 
attenuator responds to translation inhibition by attenuation; ii) the attenuator sRNA rnTrpL and 
the leader peptide peTrpL have independent functions related to adaptation to antibiotic 
exposure; iii) peTrpL forms novel, antibiotic-containing ribonucleoprotein complexes (ARNPs) for 
mRNA destabilization; iv) the specificity of the rnTrpL sRNA is reprogrammed with the help of 
peTrpL and antibiotics (2-4). Considering that the S. meliloti rnTrpL sRNA has antibiotic-
dependent and -independent targets (4), we predicted targets for E. coli rnTrpL and analysed 
candidate mRNAs in the presence and absence of subinhibitory concentrations of tetracycline 
(Tc). We found that in the absence of Tc, E. coli rnTrpL regulates dnaA, the master regulator of 
initiation of chromosome replication (5). We also obtained evidence for additional Tc-independent 
rnTrpL targets in E. coli, among them mraZ encoding the transcriptional repressor of cell division 
genes and casD, part of CRISPR-Cas, suggesting that rnTrpL is a key sRNA with an extended 
regulon. Further, we detected at least one Tc-dependent target, rsuA, which is responsible for 
16S rRNA pseudouridylation, suggesting that functional ARNPs may exist in (pathogenic) 
enterobacteria.  

 
Specific aims 
The overall project aim is to identify mRNAs that interact with the E. coli rnTrpL sRNA in vivo and 
to uncover the physiological roles and mechanisms of such interactions. Specifically, we will first 
co-purify rnTrpL with its interacting partners in the absence and in the presence of Tc and identify 
them. Second, we will study Tc-independent interactions of nTrpL with mRNAs. Third, antibiotic-
dependent interactions of rnTrpL, possibly within ARNPs, will be analysed. 
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Work programme and methods 
To co-purify rnTrpL and its interacting RNAs and proteins from E. coli, we will use methods 
established in our laboratory. An MS2-tagged variant of the sRNA (already available) will be 
induced for 3-4 min with IPTG in wild-type (WT) and ΔtrpL strains, and affinity chromatography 
will be conducted using MS2-MBP (MS2 phage coat protein fused to maltose-binding protein). 
This method, known as MAPS, will be conducted under conditions where rnTrpL is expressed: 
late growth stage in rich LB medium and exponential growth in minimal medium, using cultures 
that were exposed or not exposed to subinhibitory Tc concentrations. Co-purified RNAs will be 
identified by RNA-seq and mass spectrometry will be applied to detect co-purified proteins (in 
cooperation with A. Goesmann and G. Lochnit, Giessen).    

The analysis of Tc-independent interactions will focus on 5-6 mRNAs and established 
methods will be used (2-5). To choose which targets will be studied into detail, up to 20 candidates 
will be first subjected to qRT-PCR to analyse (i) differences in the mRNA levels between the WT, 
ΔtrpL mutant, and mutants with base exchanges in the chromosomal copy of rnTrpL, and (ii) 
changes in the mRNA levels 3-4 min after induction of ectopic rnTrpL overproduction. Most 
promising candidates (mraZ, casD, novel targets identified by MAPS) will then be tested for base-
pairing in vivo, using suitable reporter constructs. To address the mechanisms of regulation, 
interactions with validated targets will be analysed in hfq, rne and rnc mutants. For 1-2 targets, 
the mechanisms will be additionally studied in vitro by RNA structural probing (in cooperation with 
J. Ziebuhr), EMSA and/or RNA degradation assays. Further experiments addressing the 
physiological importance of the validated interactions depend on the targets. Regulation of mraZ 
can be studied by spot dilution assays, since mraZ overproduction inhibits cell division (6). 

The analysis of antibiotic-dependent interactions will first focus on rsuA upon Tc exposure. 
In our preperatory work, base-pairing between rsuA and rnTrpL was validated in vivo using the 
methods mentioned above (RT-qPCR analysis of mRNA levels and reporter constructs). Next, 
we will test whether rsuA-dependent 16S rRNA pseudouridylation changes in response to Tc 
exposure. If this is the case, we will test whether this effect depends on rnTrpL and/or peTrpL (in 
cooperation with K. Sträßer). A ΔrsuA mutant will be constructed to test whether this gene is 
important for competitiveness in the presence of Tc. We will also test whether other antibiotics 
support the interaction between rsuA mRNA and rnTrpL, and whether this interaction takes place 
in an ARNP. If other Tc-dependent targets are detected, they will also be analysed.  

In addition, the E. coli sRNA rnTrpL will be analysed in respect to modifications in cooperation 
with K. Höfer and R. Hartmann. If ARNP is detected, iCLIP will be conducted in cooperation with 
O. Rossbach, to determine the RNA-protein interaction site(s). Intramolecular interactions in 
reconstituted ARNPs can also be studied by FRET in cooperation with P. Friedhoff. 
 
Potential thesis projects 
 MAPS identification of RNAs interacting with the attenuator sRNA rnTrpL in E. coli 
 Role of E. coli rnTrpL in adaptation to general stress or nutrient limitation  
 Role of E. coli rnTrpL in adaptation antibiotic exposure  
 
Primary project categories 
translation and RNA decay, short and long non-coding RNAs  
 
Interconnections within the research training group 
 Friedhoff: In vitro analysis of ARNP by FRET 
 Goesmann: RNA-seq analysis after MAPS; transcriptomic comparison 
 Höfer, Hartmann: searches for nucleoside modifications in rnTrpL 
 Rossbach: iCLIP experiments of ARNP 
 Sträßer: 16S rRNA pseudouridylation in E. coli 
 Ziebuhr: RNA structural probing 
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3.2.6 P6: Scalable, reproducible and FAIR bioinformatics workflows for automated 

analysis of multi-dimensional RNA-based viral sequence data (Alexander 
Goesmann) 

 
State-of-the-art and preliminary work 
For more than 15 years, our group has been developing software platforms for the systematic 
storage and automated analysis of genomic and postgenomic data. In the framework of the 
German Network for Bioinformatics Infrastructure (de.NBI) funded by the BMBF, we installed a 
dedicated Cloud-Computing infrastructure providing more than 14.500 CPU cores which can be 
utilised for scaling-out high-throughput data analyses.  

Consequently, in the first funding period several fully automated workflows for standardised 
data analysis have been implemented in the bioinformatics project, using primarily the modern 
workflow management systems CWL, NextFlow, and Galaxy. Multiple analysis workflows have 
been developed for the detection of siRNAs, the generation of RNA-species, lengths and 
nucleotide profiles and the visualization of the results in the field of the induction of dsRNA into 
plants (in cooperation with A. Koch) (1,2). Further application areas were the evaluation of RNA-
seq data to detect immune responses of human cells to circular and linear RNA sponges (with O. 
Rossbach), or the analysis of ribosome profiling RNA seq data (with M. Niepmann) (3). A main 
application area was the analysis of individual-nucleotide resolution Cross-Linking and 
ImmunoPrecipitation (iCLIP) data in collaboration with O. Rossbach (4). An iCLIP data analysis 
workflow was implemented using the workflow management software Nextflow, leading to an 
easier, faster, and more reproducible execution of data processing and analysis steps. The 
integration into a cloud computing environment is in progress to improve computing efficiency. 
Additionally, the pipeline will be integrated into Galaxy to provide easy web-based access. The 
publication of this pipeline is planned for early 2022. 

Noteworthy, previous work with regard to the integration of virus-related projects are the 
development of the WASP software (5) for the analysis of single-cell RNA-seq data or an 
interactive R-shiny web application for the exploration of RNA-seq data from virus-host interaction 
experiments, developed in close collaboration with KFO 309 and SFB 1021. 

To support the standardised and automated analysis of next generation sequencing data 
including RNA-seq, ChIP-seq, CLIP-seq, RNA structural probing and related data, we established 
a local Galaxy server infrastructure to support all RTG 2355 members in their analyses. 
 
Specific aims 
In the first funding period, workflows for various data analysis steps within the RTG 2355 have 
been developed. To ensure standardised data processing and the complete reproducibility of 
results, it is crucial to first establish structures for the easy access to and comprehensive 
management of the created workflows and required datasets (e.g., reference genomes, sequence 
databases). A focus of such management efforts should be a reliable versioning of workflows. 
Second, such a management platform should be developed in compliance with the FAIR 
principles, i.e., experimental data and analysis results are findable, accessible, interoperable, and 
reusable. Third, the development of bioinformatics workflows will be extended to viral datasets 
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with a special focus on the evaluation and visualization of multi-dimensional data in the second 
funding period. 
 
Work programme and methods 
Our group will continue to develop tailored analysis workflows for the processing of contemporary 
datasets resulting from various RNA-based sequencing approaches on demand. All existing and 
newly developed bioinformatics workflows for automatic data analysis should be integrated into 
the open data management platform openBIS. Furthermore, analysis results will be presented via 
an interactive graphical user interface which is directly connected to openBIS via a consistent, 
well-defined application interface. In addition, a workflow repository will be created in close 
collaboration with the National Research Data Infrastructures (NFDIs) NFDI4Microbiota, 
NFDI4Biodiversity, NFDI4Health and DataPLANT to ensure compliance with the standards 
developed in these consortia. This will ensure the FAIRness not only of the produced data, but of 
the used analysis workflows, as well. 

Sequence analysis workflows for viral data will be based on our experiences with the ASA3P 
platform for microbial data analysis (6) which has a flexible, modular design and can be executed 
locally as a software container or in cloud environments for large scale analyses. Our group will 
continue to support all members of RTG 2355 with technical advice and with access to large-
scale compute infrastructure. 

 
Potential thesis projects 
 Automatic and scalable platform for higher-level and multidimensional analysis of viral genome 

cohorts 
 A comprehensive bioinformatics platform for FAIR data management, reproducible data 

analysis and interactive data exploration 
 
Primary project categories 
analysis platform relevant for all research areas 
 
Interconnections within the research training group 
 Evguenieva-Hackenberg: RNA-seq data analysis; transcriptomic comparison 
 Rossbach: Development of a user-friendly iCLIP-bioinformatics data analysis pipeline 
 Niepmann: Bioinformatic analysis of binding of GARS to specific cis-elements in cellular RNAs 
 Kilchert, Shalamova & Weber and Ziebuhr: Automated iCLIP analysis and analysis of 

structural probing data, DMS-, and SHAPE-MaP data, function of coronavirus RNA helicases 
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3.2.7 P7: Controlling the switch from viral RNA genome translation to genome 
replication: the moonlighting function of cellular Glycyl-tRNA synthetase during 
picornavirus infection (Michael Niepmann) 

 
State-of-the-art and preliminary work 
Early in the life cycle of a picornavirus, the incoming viral plus-strand RNA genome must first be 
efficiently translated by cellular ribosomes (1, 2). For such regulatory purposes, RNA viruses often 
employ cellular proteins that act on the viral RNA via non-canonical ("moonlighting") functions. 
We demonstrated previously (in collaboration with Dmitri Andreev, MSU Moscow) that binding of 
glycyl-tRNA synthetase (GARS) to a special tRNA anticodon stem loop-like cis-element in the 
poliovirus 5´untranslated region (5´UTR) strongly stimulates poliovirus translation (3).  

In the first funding period, we found that GARS stimulates poliovirus translation by interaction 
with other cellular RNA-binding proteins and initiation factors (manuscript in preparation). Later 
during infection, the viral replicase synthesises minus strands starting from the 3´end, and a 
collision of the replicase with translating ribosomes must be avoided by a controlled switch from 
translation to replication. In this context, a bioinformatic search for potential GARS-binding 
elements in other picornavirus genomes (with M. Fricke and M. Marz, Jena) revealed potential 
GARS-binding elements at various conserved locations in the viral RNA genomes. We showed 
for the RNA genome of mengovirus that a conserved RNA element in the 3´UTR recruits GARS 
closely downstream of the polyprotein termination codon. Binding of GARS to this signal was 
shown to inhibit translation when analysed in short reporter RNAs but to stimulate replication 
when analysed in full-length genomes (manuscript in preparation). Thus, we hypothesise that 
GARS regulates a switch from mengovirus RNA translation to genome replication, likely involving 
additional cis-elements in the viral genome, such as the cis-replication element (CRE).  

 
Specific aims 
The overall project aim is to characterise the moonlighting functions of GARS in its interaction 
with viral and cellular mRNAs. We will first characterise the cis signals and trans factors involved 
in the interaction of GARS with the mengovirus RNA genome and the control of the switch from 
virus genome translation to replication. Second, we will characterise cellular and viral proteins 
involved in regulation of poliovirus translation by GARS. Third, we will undertake an unbiased 
experimental approach to identify putative GARS binding sites in the human transcriptome. 

  
Work programme and methods 
We will analyse the nature of the additional viral RNA cis-elements involved in the switch from 
mengovirus genome translation to replication and the molecular mechanisms of GARS action by 
a combination of genetic and proteomics approaches.  

The mengovirus 3D polymerase gene segment is the last to be translated in the polyprotein, 
and the switch from translation to replication may be controlled by the modulation of ribosome 
occupancy at the termination codon, similar to what has been shown for hepatitis C virus (HCV) 
replication (4). There, a prolonged pausing of ribosomes at the polyprotein termination codon 
allows the polymerase protein emerging from the ribosome to find its genuine template in cis. 
Following this idea, mutations of the GARS-binding signal combined with mutations in other cis-
elements of the mengovirus genome (e.g., the CRE) in replicase-competent or -defective 
genomes will be employed to reveal the molecular mechanisms involved in the switch from 
translation to replication. To identify viral and cellular proteins involved in this molecular switch, 
proteomic analyses will be performed, e.g., after pulldown of protein-RNA complexes following 
expression of tagged candidate proteins, as well as functional analyses.   

Moreover, functional GARS binding might not be restricted to viral RNAs. A recent 
bioinformatic screening of cellular mRNAs for tRNA anticodon stem loop-like structures that 
contain the GARS-binding signal revealed promising candidates for GARS binding (in 
collaboration with M. Marz, Jena) (4, 5). Results from our studies involving viral RNA will form the 
basis for further studies to investigate the relevance of potential GARS-binding signals in specific 
cellular mRNAs. Such GARS binding to cellular mRNAs will be analysed by unbiased GARS-
iCLIP in collaboration with O. Rossbach (1, 5, 6) and A. Goesmann (5), followed by mRNA 
translation and stability analysis of identified GARS signals carrying strategic mutations. This will 
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be combined with mRNA knockdown and overexpression to study the function of the affected 
genes/proteins.   
 
Potential thesis projects 
 Regulation of the switch from mengovirus RNA translation to genome replication 
 Control of gene expression by binding of glycyl-tRNA synthetase to cellular mRNA 
 
Primary project categories 
translation and RNA decay, dynamic RNA-protein interactions 
 
Interconnections within the research training group 
 Rossbach: Analysis of GARS binding to cis-elements in cellular RNAs by GARS-iCLIP 
 Goesmann: Bioinformatic analysis of binding of GARS to specific cis-elements in cellular RNAs 
 Hartmann: Design of GapmeRs for silencing of cellular GARS-binding candidate mRNAs  
 Shalamova & Weber: mRNA translation control by PKR  
 Ziebuhr: mRNA translation control by PKR 
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3.2.8 P8: Viral and cellular regulators of the mRNA translation inhibitor PKR (Lyudmila 

Shalamova and Friedemann Weber) 
 
State-of-the-art and preliminary work 
The antiviral PKR (dsRNA-activated protein kinase R) is a master regulator of mRNA translation 
and antiviral responses. Virus infections are generating RNAs able to activate PKR, which in turn 
phosphorylates translation initiation factor eIF2alpha to block cellular protein synthesis (1, 2). 
Over the years PKR was shown to be activated by various artificial or endogenous ligands in vitro, 
also beyond the conventional >30 bp RNA duplex. Naturally occurring PKR ligands, including viral 
ones, are predominantly imperfect duplexes containing mismatches, non-canonical base pairs, 
and bulges. In addition, PKR activation by short dsRNA flanked by ssRNA (ss-dsRNAs) was 
demonstrated. Furthermore, some PKR interactors are inhibitory to either prevent PKR activation 
by self RNA or as an immune evasion strategy of viruses (2, 3). Multiple studies succeeded to 
narrow down requirements for an RNA ligand in vitro, but attempts to systematically predict 
potential PKR binding to an RNA structure of interest are only ongoing. Finally, few studies 
addressed PKR ligands in vivo, especially with regards to intracellular RNA structure. Therefore, 
little knowledge exists on true PKR ligands in virus-infected cells. 

Previous collaborations with members of the RTG 2355 have already been focussed on 
intracellular RNA interactors of PKR in cells infected with Rift Valley Fever virus (RVFV). In 
collaboration with O. Rossbach, we have generated nucleotide-resolution mapping iCLIP data for 
PKR, which is currently being analysed by A. Goesmann. Notably, the derived data set enables 
not only identification of RVFV RNA ligands bound by PKR, but additionally of cellular targets of 
PKR in infected versus non-infected cells. 
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Specific aims 
The overall project goal is to extend our PKR-iCLIP analyses to another virus, SARS-CoV-2, to 
determine RNA regulators of PKR in infected and non-infected cells and to put it in a context of 
RNA secondary structures forming in vivo. At first, we will perform PKR-iCLIP in SARS-CoV-2-
infected cells to identify viral PKR interactors at different stages of infection. Second, relying on 
our previous data on in vivo mapping of SARS-CoV-2 secondary structures and on in vivo SHAPE 
data (will be obtained in collaboration with C. Kilchert, R. Hartmann and J. Ziebuhr), we will be 
able to define the secondary structures of the RNAs responsible for PKR activation in SARS-CoV-
2 infection. Third, PKR-iCLIP performed in corresponding non-infected cells will enable broad 
analysis of cellular PKR ligands, both inhibitory and activating, and characterization of the switch 
from cellular to viral PKR ligands in the course of infection.    
 
Work programme and methods 
This project aims to identify and analyse PKR interactors specific for SARS-CoV-2 infection or 
intact cells with a focus on the structure of these interactors. Despite the lack of evidence of PKR 
interaction from published RNA-protein interactome data (4), SARS-CoV-2 was shown to be a 
strong activator of PKR in human cells (5 and own data). Thus, using iCLIP (in collaboration with 
O. Rossbach), we expect to find SARS-CoV-2 RNAs bound by PKR. Then, taking our data on in 
vivo secondary structures and RNA interactors of the SARS-CoV-2 genome using COMRADES 
[cross-linking of matched RNAs and deep sequencing] into account (6), we will be able to assign 
the sequences (obtained by iCLIP) to the respective structures (obtained by COMRADES) of the 
viral PKR ligands. For these analyses we will collaborate with R. Hartmann and J. Ziebuhr who 
have extensive expertise in analysis of RNA structures. In collaboration with these, we additionally 
plan to apply in vivo SHAPE analysis for confirmation of COMRADES structural data and for 
structural probing of cellular PKR interactors. 

As a second project focus, our PKR-iCLIP, especially from non-infected cells, is expected to 
result in the identification of cellular RNAs bound by PKR, as it was shown before for circular 
RNAs (7) and certain mRNAs (8) Therefore, in collaboration with M. Niepmann, O. Rossbach and 
K. Sträßer, any viral or cellular mRNA we find to substantially bind PKR in infected or non-infected 
cells will be followed up in terms of its structure, function, subcellular localization, stability, and 
translation. 

Thus, our project may shed light onto the range, structure, function, and regulation of RNAs 
from SARS-CoV-2 and the human host cell that are targeted by PKR. 
 
Potential thesis projects 
 Identification of determinants of PKR activation in SARS-CoV-2-infected cells.  
 Viral and cellular RNA structures regulating PKR in vivo. 
 Identification and functional comparison of cellular PKR interactors in intact and SARS-CoV-2-

infected cells. 
 
Primary project categories 
translation and RNA decay, dynamic RNA-protein interactions & RNA structure remodelling and 
RNA modification 
 
Interconnections within the research training group 
 Goesmann: iCLIP data analysis 
 Hartmann: RNA structural probing and analysis 
 Kilchert: RNA structural probing and analysis 
 Niepmann: mRNA translation control by PKR 
 Rossbach: Analysis of PKR interactors among small and/or circular RNAs, infectious cell 

culture system 
 Sträßer: analysis of PKR interactors among cellular mRNAs 
 Ziebuhr: RNA structural probing and analysis 

 
  



Page 25 of 61 
 

References 
1. Weber, M., Weber, F. (2014). Monitoring activation of the antiviral pattern recognition receptors RIG-I and PKR by 

limited protease digestion and native PAGE. J. Vis. Exp., 89, e51415. 
2. Wuerth, J. D., Habjan, M., Kainulainen, M., Berisha, B., Bertheloot, D., Superti-Furga, G., Pichlmair, A., Weber, F. 

(2020). eIF2B as a Target for Viral Evasion of PKR-Mediated Translation Inhibition. mBio, 11(4), e00976-20. 
3. Kainulainen, M., Lau, S., Samuel, C. E., Hornung, V., Weber, F. (2016). NSs Virulence Factor of Rift Valley Fever 

Virus Engages the F-Box Proteins FBXW11 and β-TRCP1 To Degrade the Antiviral Protein Kinase PKR. J. Virol., 
90(13), 6140–6147. 

4. Flynn, R.A., Belk, J.A., Qi, Y., Yasumoto, Y., Wei, J. et al. (2021). Discovery and functional interrogation of SARS-
CoV-2 RNA-host protein interactions. Cell, 184(9), 2394-2411 e2316. 

5. Li, Y., Renner, D.M., Comar, C.E., Whelan, J.N., Reyes, H.M. et al. (2021). SARS-CoV-2 induces double-stranded 
RNA-mediated innate immune responses in respiratory epithelial-derived cells and cardiomyocytes. Proc. Natl. 
Acad. Sci. U. S. A., 118(16), e2022643118. 

6. Ziv, O*., Price, J., Shalamova, L., Kamenova, T., Goodfellow, I., Weber, F*., & Miska, E. A.* (2020). The Short- 
and Long-Range RNA-RNA Interactome of SARS-CoV-2. Mol. Cell, 80(6), 1067–1077.e5. 

7. Liu, C.X., Li, X., Nan, F., Jiang, S., Gao, X. et al. (2019) Structure and Degradation of Circular RNAs Regulate PKR 
Activation in Innate Immunity. Cell, 177(4), 865-880.  

8. Kaempfer R. (2006) Interferon-gamma mRNA attenuates its own translation by activating PKR: a molecular basis 
for the therapeutic effect of interferon-beta in multiple sclerosis. Cell Res., 16(2),148-153. 

 
3.2.9 P9: Structural and functional characterization of two putative cis-acting RNA 

elements in the 3’-untranslated regions of coronavirus genomes (John Ziebuhr) 
 
State-of-the-art and preliminary work 
Coronavirus RNA replication and transcription is mediated by the replication-transcription 
complex (RTC), a multi-subunit complex comprised of more than a dozen proteins, including the 
virus-encoded RNA-dependent RNA polymerase (RdRp), a 5’-to-3’ RNA helicase, along with 
several RNA-processing enzymes and their cofactors as well as diverse RNA-binding proteins (1-
4). In addition to the RTC, specific cis-acting RNA structural and sequence elements located in 
the terminal regions of the viral genomic RNA are thought to be involved in coronavirus replication 
and transcription. Some of these RNA elements were suggested to be conserved among alpha- 
and betacoronaviruses, indicating important roles in viral replication which, however, have not 
been characterised in molecular detail (reviewed in (5)). Two of these elements are located in the 
3'UTR and are referred to as the H-type RNA pseudoknot and the octanucleotide sequence (5-
GGAAGAGC-3), respectively (5,6). 
 
Specific aims 
We plan to study the biological functions of two conserved coronavirus RNA elements, focusing 
on, first, the putative H-type RNA pseudoknot, second, the coronavirus-wide conserved 
octanucleotide sequence and, third, interactions of these RNA elements with components of the 
RTC (nsp7, nsp8, nsp9, nsp10, RdRp, helicase) and/or cellular proteins using a combination of 
coronavirus reverse genetics, proteomics, and RNA biochemistry approaches (e.g., RNA 
structure probing, RNA-protein interactions using RNA-Map and reporter gene assays). 

 
Work programme and methods 
Effects on viral RNA synthesis will be studied by (i) generating and using full-length cDNAs of 
coronavirus genome RNAs that contain mutations in the respective RNA elements and (ii) 
analysing viral RNA synthesis and production of infectious virus progeny following transfection of 
these genetically engineered RNAs into susceptible cells. Viable coronavirus mutants will be 
serially passaged in cell culture and compensatory mutations in the genome RNA (reversions and 
second-site mutations) that, potentially, help restore viral fitness will be identified by whole 
genome sequence analysis (7). Analysis of these mutations is expected to provide insight into 
critical RNA-RNA and RNA-protein interactions, which will then be validated by subsequent 
genetic and biochemical studies focusing on proteins and RNAs presumed to be involved in these 
interactions (8). Using advanced RNA structure probing technologies combined with mutational 
profiling by massively parallel sequencing to detect chemically modified nucleotides (DMS-MaP 
and SHAPE-MaP) and protein interactions (RNP-Map), we will assess potential effects of the 
introduced mutations on RNA secondary structures and RNA-protein interactions in defined 
genome regions, such as the replicase gene. Previously, preliminary evidence has been obtained 
to suggest interactions between the nsp(7+8) complex (1), a component of the RTC, with the 
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coronavirus-wide conserved octanucleotide sequence. To validate these and other interactions 
between RTC components and cis-acting RNA elements, CLIP-seq analysis will be performed in 
collaboration with O. Rossbach. We also plan to collaborate with R. Hartmann in using antisense 
oligonucleotides (LNAs/PNAs) or chemically/enzymatically synthesised conserved coronavirus 
structural elements for functional interference studies, e.g., as baits for viral proteins. Importantly, 
the study design involves a comparison of alphacoronavirus (HCoV-229E) and betacoronavirus 
(SARS-CoV-2, MERS-CoV) RNA structural elements to identify RNA structure/sequence 
elements that are conserved across different coronavirus genera and elucidate their roles in viral 
replication. The studies will also help identify potential drug targets conserved among known and 
newly emerging coronaviruses (9). 
 
Potential thesis projects 
 Molecular characterization of the H-type pseudoknot structure conserved in alphacoronavirus 

3’-untranslated genome regions 
 Critical interactions and molecular functions of the 3’-proximal octanucleotide sequence 

conserved in coronavirus genome RNAs 
 
Primary project categories 
transcription and mRNP biogenesis, RNA structure remodelling and RNA modification 
 
Interconnections within the research training group 
 E.-Hackenberg: RNA structure analysis of small bacterial RNAs (10) 
 Friedhoff: In vitro analysis of RNA remodelling by coronavirus RNA helicases 
 Goesmann: bioinformatic analyses of CLIP-seq data and DMS- and SHAPE-MaP data  
 Hartmann: targeting coronaviruses by ASOs, chemically/enzymatically synthesised 

coronavirus structural elements for functional interference, e.g., as baits for viral proteins 
 Niepmann: Investigation of RNA cis-signals and RNA-RNA interactions 
 Rossbach: CLIP analysis to identify specific interactions of viral proteins with cis-acting RNA 

elements located in the terminal genome regions; interactions of viral proteins with cellular 
RNAs 

 Shalamova & Weber: RNA secondary structure analysis  
 Sträßer and Kilchert: role of coronavirus 5’-3’ helicases in subgenomic RNA synthesis 
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3.2.10 P10: Regulation of bacterial transcription by 6S RNAs (Roland Hartmann) 
 
State-of-the-art and preliminary work 
Bacterial 6S RNA regulates transcription via binding to the active site of RNA polymerase (RNAP) 
holoenzymes. 6S RNA has been identified in the majority of bacteria, in most cases encoded by 
a single gene. Though several functional and mechanistic features of 6S RNAs have been 
revealed (1), including contributions from our lab and (RTG 2355) cooperation partners (2-4), it is 
yet poorly understood how 6S RNAs modulate bacterial transcriptomes. Firmicutes including 
B. subtilis (Bsu) encode two 6S RNA paralogs, 6S-1 and 6S-2 RNA with different expression 
profiles. In the first funding period, we disclosed processing and decay of the two 6S RNAs in Bsu 
by RNA-seq and Northern blot analyses using a series of RNase knockout strains (manuscript to 
be submitted). By constructing 6S-1, 6S-2 and 6S-1&2 RNA deletion strains in the 
undomesticated Bsu NCIB 3610 wild-type strain, we revealed (5), for the first time, strong 
phenotypes of the 6S-2 strain (derepressed biofilm formation, retarded swarming activity and 
earlier spore formation) and the 6S-1&2 strain (prolonged lag phase of growth and reduced 
growth rate in rich media and under oxidative, high salt and alkaline stress conditions; reduced 
spore formation). These 6S knockout strains provide the basis for dissecting the regulatory role 
of the two 6S RNAs on the global and individual gene level.  

 
Specific aims 
The overall goal is to understand the regulatory network of the two 6S RNAs in the model 
organism Bacillus subtilis. First, we are aiming at identifying and characterizing genes and 
metabolic pathways that are affected by the abovementioned ∆6S-1, ∆6S-2, ∆6S-1&2 knockouts; 
we will further address how the distribution of RNAP on the Bsu genome is altered in the 6S RNA 
knockout strains. Second, the molecular features and the mechanistic basis of 6S RNA function 
will be addressed by analysing if other sigma factors beyond A mediate binding of 6S-1/2 RNA 
to RNAP, by determining the contact sites between 6S-1/2 RNA and A-RNAP, by structure 
analysis of 6S-1/2 RNA free in solution versus bound to A-RNAP, and by investigating the 
mechanism of 6S-1 RNA release from RNAP in a fluorescence-based setup. Third, we will search 
for other 6S-1/2 RNA interaction partners beyond RNAP components and 6S-1/2 RNAs will be 
scrutinised for nucleoside modifications. 
 
Work programme and methods 
Transcriptome and proteome data are collected and analysed for the four Bsu NCIB 3610 strains 
(wt, ∆6S-1, ∆6S-2, ∆6S-1&2). Upon identification of genes/metabolic pathways substantially 
affected by 6S RNA knockout, corresponding RNA-seq data will be validated by RT-qPCR. We 
will examine whether the effects caused by the absence of 6S RNA(s) at specific genes are direct 
or indirect ones (e.g., mediated by transcription factors or master regulators). The methods 
include Western blotting, promotor:reporter fusions, fluorescence microscopy/flow cytometry 
analyses, specific gene knockouts. 

 By ChIP-seq, we will study how the distribution of RNAP molecules on the B. subtilis 
genome is altered in response to 6S RNA knockouts. 

 Bsu encodes ~20 different sigma factors (required for promoter recognition by bacterial 
RNAP), raising the question if sigma factors other than A can also mediate the binding of 6S-1/2 
RNA to RNAP. Sigma-specific RNAP holoenzymes will be tested for interaction with 6S-1/2 RNAs 
directly (via EMSAs) or indirectly via inhibition of transcription at e.g., B- and D-dependent 
promoters as part of linear and supercoiled DNA templates.   

 6S-1/2 RNA interaction sites on A-RNAP will be identified by iCLIP or PAR-CLIP and/or 
bifunctional crosslinking reagents. Structures/conformations of 6S-1 and 6S-2 RNAs in their free 
and RNAP-bound states will be determined by chemical and enzymatic solution probing. 
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 The block of RNAP by 6S RNAs is reverted upon de novo synthesis of short transcripts 
(~14 nt, called product RNAs or pRNAs) by A-RNAP on 6S RNA as template, causing a 
rearrangement of 6S RNA structure to promote its release from RNAP. Using single-molecule 
total internal reflection fluorescence microscope (TIRFM), we will study at which length pRNAs 
induce release of A from A-RNAP:6S-1 RNA complexes. To this end, Bsu core RNAP requires 
complexation with fluorescently labelled A.  
 To identify potential other 6S-1/2 RNA interaction partners beyond RNAP subunits (,  and 

'), we will perform Grad-seq or expression of tagged 6S RNAs in our Bsu 6S knockout strains 
followed by affinity co-purification of interacting proteins and their MS identification.  

We will analyse by MS and NAD captureSeq whether the two B. subtilis 6S RNAs are 
modified and, if yes, under which conditions and how this may affect their structure, function, and 
stability. 
 
Potential thesis projects 
 Global transcriptional control by 6S-1 and 6S-2 RNAs in the undomesticated B. subtilis wild-type 

strain NCIB 3610 
 Mechanistic investigation of 6S-1 and 6S-2 RNAs in B. subtilis 

 Structure of A-RNAP:6S RNA complexes  
 
Primary project categories 
transcription and mRNP biogenesis, short and long non-coding RNAs 
 
Interconnections within the research training group 
 Rossbach: iCLIP/PAR-CLIP on 6S RNA:RNAP complexes  
 Kilchert, Sträßer: ChIP-seq to analyse the distribution of RNAP on the Bsu genome 
 Kilchert, Wäber: Grad-seq of 6S RNA:RNAP complexes 
 Friedhoff: Mapping of RNA-protein contacts, fluorescence labelling of proteins 
 Höfer, E.-Hackenberg: searches for nucleoside modifications in Bsu 6S-1/2 RNAs  
 Sträßer: Expression of B. subtilis core RNAP in yeast 
 Niepmann: Design of GapmeRs for silencing of cellular GARS-binding candidate mRNAs  
 Shalamova & Weber: RNA secondary structure analysis of PKR interactors 
 Ziebuhr: antisense approaches targeting coronaviruses (CV); CV RNA structural elements as 

interference tools (e.g., baits for viral proteins)  
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3.2.11 P11: Epitranscriptomic analysis of the RNA stability in E.coli during T4 phage 

infection (Katharina Höfer) 
 
State-of-the-art and preliminary work 
Bacteriophages are viruses that kill their bacterial hosts. Currently, we are witnessing a 
renaissance of phage research. The emergence of multiple drug-resistant bacteria prompted a 
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renewal of the interest in phage therapy as an alternative treatment to overcome a broad spectrum 
of resistant bacterial infections. The growing interest in phage therapy is contrasted by the poor 
understanding of the molecular mechanisms by which phages hijack their host’s gene expression 
machinery. The dawn of next-generation sequencing technologies has opened exciting 
possibilities to understand the dynamics of the transcriptome during T4 phage infection of E. coli. 
Using dual-RNA sequencing, we were able to study T4 and E. coli transcriptome simultaneously 
and comprehensively for the first time. This study revealed a dynamic regulation of RNA stability 
for the host as well as phage transcripts. Interestingly, about 10 % of host genes are differentially 
expressed during T4 phage infection, of which 80 % are upregulated. Our data contradict the 
general conception that E. coli DNA and RNA are predominantly degraded. This finding suggests 
yet unknown host transcriptional profiles and active transcription of E. coli genes during infection.  

Until today, several factors have been described to regulate RNA stability and RNA 
degradation in a cell. Next to nucleases, RNA structures and protein-RNA interactions, RNA 
modifications were described to modulate RNA stability. Recently, we identified NAD as a 5′-
modification of RNA molecules in bacteria using our developed NAD captureSeq technology (1,2). 
The discovery of NAD-RNAs reveals a novel regulatory layer between RNA modifications and 
proteins, which is central for developing a novel concept called “epitranscriptomics” (3,4). 
Biochemical studies showed that the 5’-NAD modification stabilises RNA against degradation in 
vitro (1). Furthermore, we discovered that the Nudix phosphohydrolase NudC specifically decaps 
NAD-RNA and thereby triggers RNase E-mediated RNA decay (5). Moreover, we recently 
reported that T4 ADP-ribosyltransferases accept NAD and NAD-RNA as substrates, thereby 
covalently linking entire RNA chains to acceptor proteins (6). We term this reaction “RNAylation”. 
The covalent linkage of proteins to RNAs might influence RNA stability as well. 
 
Specific aims 
The overall project aims to determine and characterise the molecular mechanisms that regulate 
RNA stability during T4 infection. Specifically, we will first investigate the functional role of E. coli 
and T4 nucleases (T4 RegB, E. c. RNase E, E. c. NudC, E. c. PNPase) and RNA-binding proteins 
(E.c. Hfq) on RNA stability during phage infection. Second, we will apply our NAD captureSeq 
approach to analyse the presence and the function of E. coli and T4 NAD-capped RNA during 
infection (1). Third, we will focus on small regulator RNAs (sRNAs), already described to be NAD-
capped in E. coli (1) or present in T4 phage (RNAC, RNAD, function unknown), and their 
interaction with Hfq. In crosslinking experiments, we will investigate the RNA-Hfq interaction and 
analyse the role of Hfq on RNA stability during T4 phage infection.  
 
Work programme and methods 
In this project, we analyse the phage-induced change in the stability of RNAs. We will prepare 
inactive or temperature-sensitive mutants of T4 and E. coli nucleases (T4 RegB, E.c. RNase E, 
E.c. PNPase), a NAD-RNA decapping enzyme (E.c. NudC) or an RNA-binding protein (E.c. Hfq), 
which are major players in the regulation of RNA stability (7) to understand their functional role 
on RNA stability. So far, T4-induced RNA degradation has been validated by time-consuming 
Northern blot analysis (7). In this project, we will use Oxford Nanopore technology (ONP) to 
sequence full-length transcripts. This time-resolved dual ONP-sequencing approach allows us to 
identify and quantify processed transcripts. To investigate the molecular mechanisms that 
regulate RNA stability and RNA degradation, we will infect E. coli wild-type (wt) and mutant strains 
with wt and mutant T4 phage and analyse the transcriptome by dual ONP-sequencing in a time-
resolved manner. We will apply barcoding and spike-in controls, allowing for the quantification of 
RNA half-life. In addition, we will link the transcriptome of the different mutants with a phenotype 
using burst-size and lysis assays (6).  

To characterise the influence of 5’-NAD-capping on RNA stability, we will identify NAD-
capped RNAs in E. coli wt and E. coli NudC infected with T4 phage using the established NAD 
captureSeq technology (1). Northern blot assays will be applied to quantify NAD-RNAs and their 
half-life. Finally, sRNAs identified by dual ONP-sequencing or NAD captureSeq will be 
investigated by crosslinking experiments (iCLIP) towards their interaction with Hfq during T4 
infection.  
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In summary, this study will broaden our understanding of how T4 and E. coli nucleases and 
RNA-binding proteins orchestrate RNA stability during infection and how RNA modifications 
modulate RNA stability to trigger an effective T4 infection.  
 
Potential thesis projects 
 Molecular mechanisms of E. coli and T4 ribonucleases that regulate RNA stability during 

infection  
 Molecular function of NAD-capped RNA in RNA stability during T4 phage infection  
 Molecular function of small regulatory RNAs during T4 Phage infection  

 
Primary project categories 
translation and RNA decay, RNA structure remodelling and RNA modification 
 
Interconnections within the research training group 
 Böttger: RNA modifications, e.g., NAD-capped RNAs in contractile tissues 
 Schneider: isoCirc-seq by Nanopore long-read sequencing 
 E.-Hackenberg: rnTrpL sRNA in E. coli and S. meliloti for NAD-capping 
 Hartmann: 5'-modification in B. subtilis (growth condition, influence on RNA stability, 6S RNA)  
 Rossbach: iCLIP experiments to identify Hfq-bound RNAs during T4 infection  
 Sträßer: NAD-capped mRNAs present in nuclear mRNPs in S. cerevisiae 
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3.2.12 P12: Molecular analysis of in vivo functions of lncRNAs in mammalian contractile 

tissues (Thomas Böttger) 
 
State-of-the-art and preliminary work 
The mammalian genome encodes a plethora of non-coding RNAs and we are just beginning to 
understand the function of these transcripts. We are interested in the molecular function and 
physiological significance of these ncRNAs specifically in the cardiovascular system and striated 
muscle (1-3). In the first funding period, we investigated the function of a lncRNA that regulates 
the activity of the chromatin remodeller INO80 in trans and thereby regulates the proliferation of 
muscle stem cells (4). The project planned for the second funding period addresses a different 
molecular mechanism (5) of a heart-specific lncRNA. We would like to investigate the regulatory 
function of an antisense lncRNA that regulates the differential splicing of an mRNA in cis in 
striated muscle. While the host gene Trdn, coding for the mRNA, is expressed in cardiomyocytes 
and in skeletal muscle myocytes, the antisense lncRNA -as-trdn- is only transcribed in 
cardiomyocytes. Our preliminary work demonstrates that transcription of as-trdn regulates 
alternative splicing and polyadenylation of Trdn mRNA in cardiomyocytes in vivo. Experimental 
termination of the transcription of the antisense lncRNA in our mouse model results in expression 
of the skeletal muscle-specific isoform of TRDN in cardiomyocytes. It has been speculated that 
collision of RNA polymerases might be involved in regulation of Trdn transcription (6), however 
evidence for this mechanism is lacking. Our preliminary data suggest that there are other potential 
mechanisms involved and these may be linked to the structure of as-trdn. In addition, we are 
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interested to understand the physiological consequences of the expression of the skeletal muscle 
isoform of TRDN in cardiomyocytes. Our preliminary work suggests that the switch of the TRDN 
isoforms in the heart after inactivation of as-trdn results in disturbed calcium-contraction coupling 
and this might cause cardiac hypertrophy or cardiac arrhythmia, which has also been observed 
in humans (7,8). 
 
Specific aims 
The aim of the project is to understand the molecular function and physiological significance of 
the lncRNA as-trdn. We will first investigate cis-elements located on the antisense lncRNA 
essential for the regulation of alternative splicing of the sense mRNA. Second, we will identify 
and investigate proteins potentially interacting with the antisense lncRNA that may control 
alternative splicing of the mRNA. Third, we will investigate the consequences of the alternative 
splicing of the host gene at the molecular as well as at the physiological level. 
 
Work programme and methods 
We will investigate the molecular function and the physiological significance of the antisense 
lncRNA as-trdn. To investigate the cis-elements located on the lncRNA we will use a sgRNA-
CAS9 approach to generate a series of mutants with deletions of potential cis-elements in 
embryonic stem (ES) cells and will either differentiate these cells into cardiomyocytes in vitro or 
will generate mouse lines. These materials will be used to explore the impact of the mutations in 
as-trdn on the splicing and polyadenylation of the host gene by PCR, RNA-seq methods including 
Nanopore sequencing, and by CUT&RUN experiments to analyse the activity of the genomic 
locus and recruitment of proteins involved in transcription, alternative splicing, and 
polyadenylation. The transcribed antisense RNA might recruit factors involved in alternative 
splicing or polyadenylation to the chromosomal locus of Trdn. We will use a method established 
in our lab (4) to pull-down proteins binding to an in vitro transcribed RNA in combination with mass 
spectrometry to identify such proteins. This strategy will be combined with earlier results to 
specifically identify proteins interacting with functionally relevant RNA sequences. In addition, we 
will investigate the interaction of the lncRNA and the identified proteins e.g. by RNA in situ 
hybridisation-proximity ligation (RISH-PLA) and manipulate the function of identified proteins to 
acquire functional evidence for the interaction between antisense lncRNA, the identified proteins, 
and the host gene. Finally, we will address the physiological consequences of the expression of 
the skeletal muscle-specific isoform of TRDN in cardiomyocytes. Using our mouse model with 
disrupted expression of as-trdn and switch in TRDN isoforms we will investigate differences in the 
molecular interactions of the TRDN isoforms, the impact on calcium-contraction coupling and on 
the development of cardiac hypertrophy and cardiac arrhythmia. Together, this project will expand 
our understanding of the molecular function of antisense lncRNAs, give new insights into the 
regulation of calcium-contraction coupling by lncRNAs and related human diseases. 
 
Potential thesis projects 
 Molecular function of antisense RNA in regulation of alternative splicing and polyadenylation. 
 Molecular control of calcium-contraction coupling in striated muscle. 
 
Primary project categories 
regulation of RNA processing and function, short and long non-coding RNAs 
 
Interconnections within the research training group 
 Schneider: In vitro differentiation of ES cells into cardiovascular lineages 
 Rossbach: iCLIP experiments to identify RNA-protein interaction sites 
 Höfer: Nanopore sequencing to analyse long non-coding RNA posttranscriptional processing, 

analysis of posttranscriptional changes of mitochondrial ncRNAs 
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3.2.13 P13: Role of alternative splicing and circRNA function in adipogenesis, glucose 

homeostasis, and obesity (André Schneider) 
 
State-of-the-art and preliminary work 
Alternative splicing (AS) allows generation of different mRNA variants from a single gene and 
contributes to overall protein diversity. AS is catalysed by the basic splicing machinery and 
modulated by tissue-specific RNA binding proteins (RBPs), which are also involved in the 
biogenesis of circRNAs, a novel class of single-stranded, covalently closed RNA molecules 
generated by back-splicing. CircRNAs can be derived from either exons or introns, or both, and 
exert various biological functions by acting as miRNA or RBP sponges, transcriptional regulators, 
and protein templates. Since existing knowledge about the role of alternative splicing and the 
regulatory functions of circRNAs in adipogenesis and obesity is still limited (1, 2), we are aiming 
to shed new light on these processes. 

In the first funding period, we have identified adipo-circRNA, a novel multi-exon cytoplasmic 
circRNA, which is expressed in multiple tissues including white and brown adipose tissue. 
Intriguingly, gain-of-function studies of adipo-circRNA in adipocyte cell culture and transgenic 
mouse models revealed a remarkable potential to induce white-to-brite conversion of white 
adipose tissue (WAT) and to activate brown adipose tissue (BAT). Bioinformatics-based 
predictions suggest that adipo-circRNA acts as a sponge for a miRNA cluster, thereby fine-tuning 
multiple common targets including PTEN (3) and BMPR2, a key mediator of the Bone 
Morphogenic Protein (BMP) signalling. Numerous studies, including our own research, have 
implicated BMP signalling in multiple cellular processes including adipogenesis and vascular 
biology (4, 5). However, the exact circRNA–miRNA–BMPR2 mRNA regulatory axis remains 
enigmatic. 

In addition, we elucidated the function of the RNA binding proteins RBPMS/2 in heart 
development. Combining loss- and gain-of-function mouse models with splicing reporter minigene 
assays and TRIBE editing, we identified RBPMS/2 as splicing factors, which orchestrate with 
others, e.g., RBM24 (6), fetal cardiomyocyte-specific alternative splicing (Manuscript in 
preparation). 
 
Specific aims 
The overall project aim is to determine the function of linear and circular RNAs generated by 
alternative splicing in the context of adipogenesis, glucose homeostasis, and obesity. Specifically, 
we will first address RBPMS/2 functions in white and brown adipose tissue in the context of 
regulatory networks of linear and circular RNA splicing. Second, we will decipher the 
physiological role of the newly identified adipo-circRNA using transgenic and viral-mediated gain- 
and loss-of-function approaches. Third, we will assess molecular mechanisms conveyed by 
adipo-circRNA focusing on potential functions in miRNA and RBP sponging as well as translation. 
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Work programme and methods 
In this project, we will address the function of alternative splicing of linear and circular RNA 
mediated by RBPMS/2 in the context of prevention or treatment of high-fat diet (HFD)-induced 
obesity. To this end, we will specifically inactivate RBPMS/2 in WAT and BAT under normal and 
high-fat diet and score for transcriptome changes of linear and circular RNAs. In order to detect 
full-length circRNA isoforms, we will apply isoCirc-seq (7), which is based on rolling circle 
amplification followed by nanopore long-read sequencing (with K. Höfer). 

Since global overexpression of adipo-circRNA results in pleiotropic phenotypes, we will 
specifically manipulate its expression in WAT or BAT. To get deeper insights into the physiological 
relevance and potential therapeutic applications of our circRNA candidate, we are currently 
developing novel transgenic as well as viral-mediated approaches for loss- and gain-of-function. 
The central question here is: Does enhanced adipo-circRNA expression in WAT and BAT prevent 
and/or revert HFD-induced obesity? Standard metabolic profiling will enable us to pinpoint the 
exact physiological function of adipo-circRNA in vivo (with T. Böttger). Furthermore, miRNA and 
long RNA (lncRNAs and mRNAs) profiling in adipo-circRNA-overexpressing BAT and WAT will 
provide global transcriptome alterations under normal and high-fat diet. 

To assess how adipo-circRNA functions at the molecular level, we will initially focus on 
mechanisms that involve physical interactions with other molecules, in particular miRNAs and 
RBPs. We will test 3’UTR sequences of affected genes in luciferase reporter assays combined 
with miRNA mimics and adipo-circRNA overexpression to identify the corresponding regulatory 
axis. To determine an unbiased adipo-circRNA-protein interactome, we will make use of 
catalytically inactive CAS13d-mediated recruitment of BioID2 to the specific back-splice site and 
thereby proximity label potential protein binders. Finally, recent reports provide evidence that m6A 
modifications modulate circRNA metabolism and function, in particular biogenesis and peptide-
coding potential. To this end, we will determine m6A modifications of adipo-circRNA and the 
corresponding host gene by combining DART-seq (8) with m6A-iCLIP (with O. Rossbach). 
 
Potential thesis projects 
 Physiological and molecular functions of adipo-circRNA in WAT and BAT. 
 Molecular function of RBPMS/2 in alternative splicing in adipose tissue. 
 
Primary project categories 
RNA processing & translation and RNA decay, short and long non-coding RNAs 
 
Interconnections within the research training group 
 Böttger: physiological measurements, in situ RNA FISH and RNA proximity ligation 
 Höfer: isoCirc-seq by Nanopore long-read sequencing 
 Rossbach: m6A iCLIP and design of artificial adipo-circRNA 
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3.3 Relevance of sex, gender and/or diversity 
 
Two of the projects (Böttger, Schneider) make use of mouse models. Here, an equal number of 
female and male mice will be selected, and the obtained results inspected for sex-related 
differences. For prokaryotic and yeast projects, sex and gender of the researchers or the studied 
materials are not research-relevant. 
 
3.4  Supplementary information on the research context 
 
We do not anticipate any risks and/or harm to individuals or groups and/or the potential for other 
negative effects that might be posed by our research. All materials used in the research 
programme are laboratory strains that fall outside of EU regulation No 511/2014 and do not trigger 
any access and benefit sharing obligations. 

For all experiments involving mice, the 3Rs principle will be implemented by the principal 
investigators. All research involving animals is covered by animal experiment proposals approved 
by the responsible authorities (Regierungspräsidium Darmstadt). Moreover, the host institute 
employs an animal welfare committee that monitors animal welfare and follows all experiments 
involving animals. 

The generated research data will be archived in the researcher’s own institution for at least 
ten years. Upon publication the data will be stored and made publicly available by deposition in 
appropriate, internationally acknowledged databases (www.re3data.org): GEO (Gene Expression 
Omnibus) or Array Express for genomic data (e.g., ChIP-seq, RIP-seq and RNA-seq 
experiments); a member site of the public Worldwide Protein Data Bank (e.g., PDB or EMDB) for 
structural data; ProteomeXchange Consortium for MS proteomics data.  
 
 
4 Qualification programme 
 
4.1 General principles 
 
Our training concept aims to optimally support doctoral students with their thesis projects 
and to prepare them for a successful career after completion of their doctorate. It is based 
on the experiences from the first funding period of the RTG 2355 including the feedback from the 
first generation of doctoral students. It also incorporates our experience from the previous IRTG 
1384, the International Giessen Graduate Centre for the Life Sciences (GGL), the Marburg 
University Research Academy (MARA), and the International Max Planck Research Schools 
(IMPRS) in Marburg and Bad Nauheim. We have structured our programme to achieve the 
following key goals. We aim to: 
1) create an optimal environment for working in a highly competitive research field defined 

by the keywords mRNA life cycle, regulatory RNAs and RNA networks  
2) promote interdisciplinary approaches, for example at the interface between molecular 

biology and cell biology or between RNA biochemistry and chemical biology  
3) emphasise a broad education by including scientists and projects using diverse biological 

model systems united by a common focus on RNA biology  
4) enable leadership development by offering doctoral students the opportunity to train student 

assistants in RNA techniques, helping them to assume leadership responsibilities while 
educating a potential next generation of doctoral students  

5) encourage international collaboration by actively supporting visits at partner institutions, 
e.g., Oxford University, UK or Monash University in Melbourne, Australia  

6) create strong ties within the RTG by involving the doctoral students in the design and 
organisation of RTG events and by having direct meetings, also informal ones, which will 
hopefully be possible again in the near future. 
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Four core principles have guided the design of our qualification programme:  
1) Measures should be targeted to promote personal development and future careers.  
2) A reasonable balance between the time allocated to qualification training and the individual 

research projects to support completion of the doctoral studies in optimally three years and a 
maximum of four years. 

3) Wherever possible, allow active participation of the doctoral students in the design and 
organisation of our programme. 

4) Flexibility to meet the requirements of doctoral students with diverse backgrounds by including 
group-specific and individualised training elements. 

 
4.2 Promoting future careers 
 
4.2.1 In academia 
Within academia, we expect our doctoral students to continue their career as postdocs in leading 
laboratories, often abroad. The following elements of our programme are designed to help our 
doctoral students become internationally competitive researchers: 
1) Competitive research field: The research area of our RTG – regulatory networks governing 

the mRNA life cycle – is highly timely and touches upon many aspects with medical relevance, 
e.g., bacterial resistance and competitiveness, interactions between RNA viruses and the 
human host, and the molecular basis of human genetic diseases.  

2) Presentation of results and discussions in RTG seminars: Doctoral students will present 
the progress of their research projects in regular seminars. These provide a forum for open 
feedback and advice and offer doctoral students constant practice in the conceptualization of 
their own research. Apart from providing constructive criticism and practical support, this 
format is intended to hone critical thinking skills and to promote the development of a scientific 
mindset.  

3) Invited speaker seminar series with an educational aspect: Leading RNA biologists will be 
invited to present their research and expose students to cutting-edge science within the field. 
Meet-the-Speaker events after the lecture offer an opportunity for both in-depth scientific 
discussion and informal exchange and promote direct interactions between doctoral students 
and PIs from leading laboratories.  

4) Workshops / meetings / conferences organised by the RTG: Organised at regular intervals, 
small-scale symposia aim to encourage the exchange of scientific information, provide 
inspiration for novel approaches, and allow our students to connect with PIs outside the RTG, 
providing a useful network that can help shape future scientific careers. The international 
symposium scheduled to be organised by the RTG 2355 in 2026 will certainly be a highlight.  

5) Other national or international meetings: Doctoral students are encouraged to present their 
results at various national or international workshops and meetings, exposing them to the 
larger research community and allowing them to actively participate in the scientific discourse. 
Excellent students will have the opportunity to present their successful projects at large 
international conferences. 

6) Internships in external laboratories will be supported, where possible abroad, for example 
in the context of international collaborations. International internships are also supported by 
the GGL graduate school, which is interconnected with the RTG.  

 
Combined, these elements of our qualification programme with a strong focus on an 

immersive research experience will contribute to the scientific education of our doctoral students 
as they mature into independent researchers. 

 
4.2.2 Beyond academia 
Outside academia, many different careers are available to doctoral graduates in natural 
sciences. Former students of the IRTG 1384 have, for example, obtained positions in 
pharmaceutical companies as team leaders and managers in diverse departments including 
research and development, quality control, legal affairs, regulatory affairs, patient engagement 
and data management in clinical studies – similar career paths are likely to be chosen by many 
RTG 2355 students. The COVID-19 pandemic underscored the need for local drug development 
and production in Germany and Europe, and the rapid development of mRNA vaccines against 
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COVID-19 highlighted the importance of expertise in RNA biology and RNA biochemistry. It is 
thus expected that employment opportunities for doctoral graduates in natural sciences with 
expertise in molecular biology – and RNA biology in particular – will continue to increase. The 
following elements of our qualification programme will prepare young researchers to compete 
successfully in these occupational fields: 
1) Structure of the RTG 2355 - diverse biological model systems: The diversity of model 

organisms studied within the RTG strongly contributes to the broad education of our students. 
Examples include transgenic mice, mammalian cell culture, yeasts, gram-positive and gram-
negative bacteria, RNA viruses and bacteriophages.  

2) Structure of the RTG 2355 - variety of techniques: The participating labs employ a broad 
range of methodologies, including in vitro RNA techniques, molecular biophysics, genetics, 
protein biochemistry, high-throughput sequencing applications and bioinformatics, in addition 
to standard methods of molecular biology. Doctoral students will gain a thorough 
understanding of the advantages and limitations of various technical approaches and can 
acquire diverse practical skills through internships within the framework of the RTG 2355. 

3) Personal and career development: Transferable skills important for a career (not only) 
outside academia are developed in interconnection with the GGL, which also offers advice on 
career planning. In the last 10 years, the GGL has created a diverse doctoral development 
programme in a) research environment, b) research management, c) communication skills, d) 
networking and team building, e) computing and software, and f) career management. 
Moreover, its Pathways into Life Science Professions programme offers, among others, 
specialised mentoring and trainee opportunities. Comparable graduate schools support the 
doctoral students in Marburg (MARA and the IMPRS “Principles of Microbial Life”) and Bad 
Nauheim (IMPRS-MOB).  

4) Communication of results to a general audience: Doctoral students will have occasion to 
present their research to a general, non-specialist scientific audience, for example in GGL 
seminars and the annual GGL conference. Similarly, Journal Club formats train their ability to 
penetrate complex topics and to present them in a way that is understandable to others, 
providing excellent training when it comes to applying for positions outside academia.  

5) Teaching: The experience of teaching and managing student assistants, of supervising 
bachelor and master students in the regular B.Sc. and M.Sc. Biology curriculum, and of sharing 
their own scientific expertise with other RTG members will assist doctoral students in becoming 
team-oriented leaders. 

 
Overall, the RTG 2355's demanding qualification programme, which includes training in 

transferable skills ranging from project to career management as well as scientific elements, is 
an asset when entering the job market. Successful graduation from the RTG can be taken as an 
indication that the applicant possesses the required skills to assume leadership positions in- and 
outside of academia, including intellectual ability, resilience, flexibility, and the ability to plan and 
set priorities. 
 
4.3 Changes from the first funding period 
 
Some delay in the research progress of the first generation of doctoral students is expected due 
to the restrictions that were enforced in response to the COVID-19 pandemic and the cancellation 
of important conferences in the years 2020 and 2021. On the bright side, this pandemic 
accelerated the development of online communication skills across diverse platforms. As online 
events have a smaller environmental footprint than in-person meetings and can contribute to 
making higher education more sustainable, such skills will certainly be indispensable in the future 
both in academic and non-academic settings. Therefore, our new training concept will incorporate 
online as well as in-person events.  

We plan to make the following adaptations to our qualification programme, which will be 
outlined in more detail below: 1) The doctoral seminar series will be reorganized, including in-
person and online seminars. 2) We will incorporate introductory lab visits to all participating 
research groups. Moreover, lab courses will not be part of the regular Master’s Programme 
“Biology”, but specifically designed for the RTG students. 3) Minisymposia will be coupled to 
the annual retreat. 4) Minisymposia and the international symposium will incorporate sessions 
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on “Gender and Career in Science”. We will also encourage discussion of this topic at the Meet-
the-Speaker events that are part of the Invited Speaker Seminar Series. 5) Lab internships will 
be more actively promoted (also in laboratories abroad, funding provided by the JLU). 6) 
Targeted feedback on presentation skills will be included in the Doctoral Seminar Series. 7) 
We will offer our doctoral students alternative channels for feedback including the opportunity to 
anonymously drop their comments into a suggestion box (“Kummerkasten”), set up at all RTG 
events. 
 
4.4 Specific components 
 
Our qualification programme consists of the following mandatory key components (see Figure 
3 for components and Figure 4 for the timeline), all of which will be held in English:  
 
1) Doctoral Seminar Series 
2) Invited Speaker Seminar Series 
3) Lab courses and internships 
4) Minisymposia combined with the retreats 
5) International symposium 
6) Key transferable skills courses 
7) Thesis advisory committees (TACs) 

(see section 5.2.1) 
 
 

Figure 4: Representative timeline of the qualification programme. The key components of the 
qualification programme are depicted for an idealised doctoral student starting in January 2023 at JLU. 
 

Figure 3: Key components of the qualification 
programme. Diverse training measures surround 
the core of the doctoral thesis, the experimental 
work. Together, our training concept aims to 
optimally support doctoral students with their 
thesis projects and to prepare them for a 
successful career after completion of their 
doctorate. 
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4.4.1 Doctoral Seminar Series 
The Doctoral Seminar Series is the core of our doctoral training programme and the central 
venue for scientific exchange within the RTG 2355. Based on the feedback of the first doctoral 
student generation, we will have four longer, in-presence seminars with six talks each and 12 
shorter, online seminars with three talks each by doctoral students and PIs. Talks will be 30 
min each plus discussion with 20 min breaks after two talks. In this set-up, each doctoral student 
will have the opportunity to give a talk twice a year, in-presence and online. Each seminar type, 
in-person and online, trains different communication skills. In addition, the 6-hour in-person 
seminars with breaks for informal contacts will strongly promote intense scientific exchange and 
(new) collaborations. On the other hand, the online seminars are time-saving, particularly for the 
members from Marburg and Bad Nauheim. 

In the seminars, the doctoral students will present the progress of their project. When 
presenting their research, they will elaborate on the experimental design, novel data, future 
research directions and any difficulties they may have encountered. For the PIs, the presentation 
could be an overview of their own research, the discussion of a published work they consider 
topical or a lecture on an aspect of RNA biology that they think might be of particular interest. The 
Doctoral Seminar Series is intended to 1) provide a forum for discussion and scientific exchange; 
2) give the opportunity to initiate new collaborations; 3) train students’ skills in analytical thinking 
and scientific reasoning, in their roles both as presenter and as listener who will be encouraged 
to ask questions; 4) teach doctoral students to present their research in a well-structured, concise 
manner in good scientific English with the goal of optimally preparing the doctoral students for 
presentations and discussions in front of an international audience. Our experience shows that 
the students continuously improve their presentation skills during their RTG membership. We 
consider this an essential skill and thus now include feedback on the presentation as a structured 
component into the seminar series. Feedback will be given by the TAC members of each doctoral 
student (see section 5.2.1). In addition to our direct input, courses for the training of presentation 
skills belong to the optional part of the qualification programme (see 4.4.6). 
 
4.4.2 Invited Speaker Seminar Series 
The second building block of our mandatory training programme are talks of invited experts in 
the field. As in the first funding period, we plan 15-20 talks per year. Each meeting in this series 
will comprise not only the talk of an invited speaker, chaired by a doctoral student and followed 
by a scientific discussion, but also a Meet-the-Speaker format exclusively for the doctoral 
students, where a broad range of topics can be discussed. If the invited speaker agrees, time will 
be reserved for a special, gender-related discussion (see section 5.3.3). We will consider young 
PIs as these will be “closer” to the concerns of the doctoral students and profit themselves from 
the invitation. Both students and PIs make suggestions for speaker invitations, which will then be 
approved by the steering committee. 

Due to the pandemic, we have extensive experience with digital meetings including 
discussion rounds (“meet the speaker” sessions). A digital format provides the possibility to meet 
experts who might otherwise not be able to accept an invitation and facilitates the involvement of 
scientists from overseas (travel costs for invited speakers from overseas are limited and require 
consultation with the steering committee). Depending on the further development of the 
pandemic, we therefore envision a mix of in-person and online meetings. Preference will be given 
to in-person meetings whenever possible because personal interactions can shape a doctoral 
student’s individual scientific development in a way that no virtual meeting can achieve – we 
do, however, consider online meetings a “second-best” substitute. 

 
Table 1: Examples of scientists who will be asked to present at the Invited Speaker Seminar Series. 

Name  location research area 
Achim Aigner University of Leipzig siRNA delivery 
Florian Altegoer Marburg, SYNMIKRO Cryo-EM of RNA-binding proteins 
Rolf Backofen  Freiburg University RNA bioinformatics, RNA-protein 

interactions 
Markus Bohnsack  Göttingen University RNA-protein complexes 
Reinier Boon Frankfurt University lncRNA in the cardiovascular system 
Christoph Dieterich Klaus Tschira Institute, Heidelberg Computational RNA Biology & 

Bioinformatics 
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Sebastian Falk University Vienna Structural Biology of Small RNAs 
Utz Fischer Würzburg University RNA-protein complexes 
Philippe Giege Strasbourg, France RNA processing in plants 
Boris Görke Max Perutz Labs, Vienna Regulation with sRNA in E. coli 
Lei Gu MPI Bad Nauheim Mettl4 mediated m6A methylation 
Mark Helm Mainz University RNA modifications, epitranscriptomics 
Matthias Hentze  EMBL Heidelberg RNA biology and molecular medicine 
Hauke Hillen MPI Göttingen Single particle and in situ cryo-EM 
Thomas Hoenen Friedrich Loeffler Institute Ebola virus biogenesis 
Antony Hyman MPI Dresden LLPS and RNP granule formation 
Julian König  IMB Mainz Protein-RNA interaction analysis 
Libor Krasny Prague, Czech Academy of 

Sciences 
RNA and protein regulators of bacterial 
RNA polymerase 

Sebastian Leidel MPI Münster tRNA modification, ribosome profiling 
Reinhard Lührmann MPI Göttingen Spliceosome structure, cryo-EM 
Anita Marchfelder Ulm University RNases, noncoding RNAs, and CRISPR-

Cas in Archaea 
Manja Marz Jena University RNA bioinformatics and phylogenetics 
Mario Mörl University of Leipzig tRNA biogenesis 
Michaela Müller-McNicoll Frankfurt University Splicing regulation 
Irmtraud Meyer MDC Berlin RNA structure, bioinformatics 
Nikolaus Rajewsky MDC Berlin Noncoding RNA, bioinformatics 
Lennart Randau Marburg University  CRISPR Cas 
Silke Robatzek Norwich Research Park, UK RNA transport via vesicles 
Walter Rossmanith Vienna, Austria RNA metabolism of human mitochondria 
Michael Pfaffl TU Munich Quantitative RNA analysis, qPCR 
Michael Sattler TU Munich RNA-protein structure, NMR 
Florian I. Schmidt University of Bonn Antiviral defense mechanisms 
Ruth-Schmitz-Streit University of Kiel Gene regulation by RNAs in prokarya 
Peter Simmonds University of Oxford Virus-host interactions 
Eric J. Snijder Leiden University Medical Center Virus-induced replication organelles 
Peter Stadler Leipzig University RNA bioinformatics 
Terence Strick Paris Single-molecule approaches 
Murat Sunbul Heidelberg University RNA Imaging  
Jernej Ule The Francis Crick Institute London CLIP, RNA in neurobiology 
Juan Valcarcel CRG Barcelona, Spain Regulation of alternative splicing and 

disease 
Jörg Vogel Würzburg University Gene regulation by noncoding RNAs 
Markus Wahl FU Berlin RNA-protein structure, helicases, X-ray 

crystallography 
Elmar Wahle Halle-Wittenberg University mRNA polyadenylation 
Julia Weigand TU Darmstadt Characterisation of RNA structure 

 
4.4.3 Introductory lab courses 
Strong ties between doctoral students in the different participating labs facilitate exchange and 
foster cooperation. To speed up the process of getting to know each other for the next generation 
of doctoral students, we will now incorporate introductory lab visits to all participating research 
groups at the beginning of the programme. During the first funding period, lab courses were 
severely disrupted by COVID-19 restrictions. Given that the recent development of the pandemic 
situation provides reason for optimism, we are confident that we will now be able to offer one to 
three-day, intensive lab courses on a regular basis, in which the doctoral students will teach 
and be taught in specialised RNA biology techniques and bioinformatics (“learning by teaching” 
concept). In a three-year period, each research group should organise at least one lab course, 
and each doctoral student will participate in at least one course per year.  
 
Table 2: Introductory lab courses that will be offered by the participating groups. 

Topics for lab courses group(s) 
Quantitative RT-PCR applications Sträßer, Hartmann,  

E.-Hackenberg 
Native purification of RNA-binding protein complexes Sträßer 
RNA in situ hybridization, RISH-PLA (proximity ligation) Sträßer, Böttger 
Density gradient analysis of RNPs Kilchert & Wäber 
Yeast genetics Kilchert 
Analysis of RNA-protein interactions - iCLIP, RIP, affinity selection Rossbach 
Artificial circular RNA decoy design and production Rossbach 
Alternative splicing analyses (minigene constructs, in vitro splicing assays) Rossbach 
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Purification of nascent RNA Rossbach, Sträßer 
Transient kinetics for studying biomolecular interactions using fluorescence Friedhoff 
Trapping transient complexes by cross-linking for structural and functional analysis Friedhoff 
Using the Galaxy platform for automated and reproducible RNA-Seq data analysis Goesmann 
Quality control and short-read mapping Goesmann 
Differential gene expression analysis based on high-throughput sequencing  Goesmann 
Analysis of protein/RNA-interactions using iCLIP Rossbach 
Production of artificial circular RNA in vitro Rossbach 
CoIP of RNPs E.-Hackenberg 
Purification of MS2-tagged RNAs with interaction partners E.-Hackenberg 
RNA-Seq analysis of very short RNAs Hartmann 
Northern blot detection of small RNAs Hartmann, Rossbach 
Quantitative analysis of RNA-protein interaction Hartmann, Friedhoff 
RNA-structure probing Hartmann, Ziebuhr 
Antisense approaches in cell culture Hartmann 
Transgenic models including CRISPR/Cas technologies Böttger 
APEX based proximity labelling & MS Schneider 
CAS13d RNA techniques Schneider 
Oxford Nanopore Sequencing of RNA and DNA Höfer 
Viral transcriptomics Höfer 
Introduction into work with infectious agents Shalamova & Weber 
RNA sensing by cellular innate immunity Shalamova & Weber 

 
4.4.4 Minisymposia with poster presentations coupled to the annual RTG retreats 
Once per year, a one to two-day minisymposium with a special focus on an emerging RNA-
related topic or a particular state-of-the-art technology will be organised (except of the third year, 
where the international symposium will take place). For this, we intend to invite young scientists 
(postdocs or young group leaders, who are active in the lab), who will share their practical 
experience with the doctoral students and are often more easily approachable to student 
members. The invited scientists will give oral presentations, and all doctoral students will present 
their research project on a poster or in a short talk, as appropriate. We intend to include ample 
time for discussions in small groups (e.g., technical focus groups, “Meet-the-Expert” & “Gender 
and Career in Science” formats). 

The annual retreat will take place on the day before our minisymposia, which will now be 
combined events. Here, talks will be given by the PIs and several doctoral students with 
outstanding results, and all doctoral students will present posters. Each retreat will also 
encompass a session with guest speakers, either related to a specific research topic, RNA 
biotechnology, or highlighting career paths of former RTG members. In the first funding period, 
the retreat has proven to be a particularly enjoyable and stimulating component of the RTG 2355, 
which helped the group to bond and significantly contributed to the development of productive 
interactions. Based on the suggestions of the present doctoral students, the PIs of the RTG will 
also discuss their academic career and related topics with the doctoral students. Furthermore, an 
organisational session with a report of the steering committee will be part of the retreat. 
 
Table 3: Potential topics for our minisymposia. 

Topics for minisymposia  
RNA structures as regulators of biological processes 
Interactions of bacterial sRNAs with RNA and proteins 
Regulation of RNA polymerases 
Regulation of chromatin activity by ncRNAs 
Structural analysis of protein and RNP complexes by cryo-EM 
Compounds that target RNA structure and therapeutic possibilities 
Biological functions of RNA modification 
Quantitative analysis in RNA research 
Algorithms and tools for RNA bioinformatics 
Single-molecule approaches in RNA biology 
In vivo analysis of physiological functions of ncRNAs 
RNA imaging in biological systems 
Liquid-Liquid phase separation and RNP granule dynamics 
RNA therapeutics beyond mRNA vaccines 
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4.4.5 International symposium 
Unfortunately, during the first funding period, the international symposium had to be postponed 
because of COVID-19 restrictions but has been rescheduled for the end of 2022 (end of the first 
funding period). We very much look forward to organizing the next symposium, which will take 
place in September 2026 (8th year) as an international, three-day symposium. The main JLU 
Building, the New Chemistry Building or the Physics Building in Giessen are well-suited to 
accommodate up to 150 participants (i.e., more than 100 external participants). We will invite 
internationally recognised researchers as speakers and widely advertise the symposium (call for 
short talks and posters). All doctoral students will participate scientifically (posters and 2 to 4 short 
talks from doctoral students with outstanding results). “Gender and Career in Science” 
discussions and “Meet-the-Expert” opportunities with invited international speakers will be an 
integral part of the symposium. 
 
4.4.6 Key transferable skills courses 
The training in transferable skills will include mandatory elements that we consider 
indispensable for all doctoral students – e.g., related to the rules of good scientific practise – and 
optional elements that the doctoral students can select based on their differing needs, which 
depend on their backgrounds and career plans. 

Most aspects will be covered by the Graduate Schools/Centres GGL (Giessen), MARA, 
IMPRS-MIC (Marburg) and IMPRS-MOB (Bad Nauheim), which have comparable educational 
activities. All doctoral students will be associated with the Graduate School of their host institution. 
Unique courses can also be attended at the partner institutions, if required. In total, each RTG 
student should attend at least one transferable skills course or workshop per year. 

For example, the GGL offers Doctoral Development Programme Courses on the following 
topics (courses mandatory to the RTG students are underlined):  
1) Research Environment (introduction to JLU libraries, literature search, lab book writing, 

safety measures, S1 safety rules, guidelines for working with radioactivity, open access 
publication) 

2) Research management (good scientific practice; reference managers; time and project 
management for 1st year doctoral students; time and project management for advanced 
students, for academia and industry career; true data – research rigor and high-quality 
publications; research data management (collection, storage, editing and sustainable provision 
of research data); methodology of scientific thinking and logic) 

3) Communication skills (conference coaching in: 1. poster presentation, 2. power point 
presentations, 3. chairing a session, with obligatory rehearsal for all three coaching fields; 
presenting at digital conferences; academic writing; basics of business English for life 
sciences; basics of business German for non-native speakers; writing papers and theses; 
writing an abstract; communication and negotiation skills; presentation skills) 

4) Networking and team working (team management; conflict and negotiation management, 
networking; intercultural training) 

5) Computing and software (Biostatistics and “R course”; training in reference managers; 
bioinformatics - databases and experiment planning; applied statistics with SPSS; methods 
of protein analysis; scientific image processing and analysis; graphical abstracts). 

6) Career management (finding a job in Germany's industry – 5-day workshop; how to get 
additional funding during your doctoral studies; leadership skills; 2-day workshops “Exploring 
the company world” and “Fit for the German job market”; development and production of 
pharmaceutical products - regulatory affairs, audit; advanced quality management in the 
pharmaceutical industry; 2-days workshop “basics of business administration”; 2-Tages-Kurs 
“BWL für Nicht-BWLer”;  preparation of an individual job application; techniques for a 
successful job interview; GGL Career Day; CV checks with Andrew Cerniski; introduction to 
didactics and teaching methodology in English; successful grant proposal writing; industrial 
pharma management; biotech quality manager & regulatory affairs manager) 

7) Miscellaneous regular courses (Respiratory and cardiovascular systems in extreme 
environments; Molecular biology techniques; Basics of modern microscopy). 

Most of these courses are offered at least once per semester. In addition, we will organise RTG-
internal specialised workshops tailored to the specific needs of our doctoral students. 
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The doctoral students will also acquire transferable skills during their continuous 
involvement in the organization of RTG events. The seminars and the symposia sessions will 
be chaired by the doctoral students, who will introduce the speakers, coordinate the discussions, 
organise technical support or provide links for online meetings. The doctoral students will be 
encouraged to offer suggestions for speaker invitations, which will then be approved by the 
steering committee. In addition, they will also be encouraged to organise focus meetings on topics 
of their choice (one-day online minisymposium format, approximately once per year). 

 
4.5 Visiting researchers and Mercator fellows 

 
Visiting researchers will primarily be invited in the framework of the Invited Speaker Seminar 
Series and predominantly come from German research institutions or neighbouring countries. 
During the first funding period, visitors from overseas have sometimes been able to combine 
travel to Europe with a visit to the RTG (e.g., Thomas Preiss from ANU, Canberra, and Minna-
Liisa Änkö from Monash University, Melbourne). We will continue to seize such opportunities 
where they present themselves. External experts who are visiting RTG research groups will also 
be invited to contribute to our qualification programme, for example by giving a methods seminar 
or assisting in lab courses (see section 4.4.3). 

Our Mercator fellow will be Prof. Dr. Traude Beilharz, who heads the RNA-systems biology 
laboratory at the Monash Biomedicine Discovery Institute, Monash University (Melbourne, 
Australia), one of JLU’s partner universities. Many connections between RNA researchers at 
Monash and the JLU already exist (3-month sabbatical of K. Sträßer at Monash (1-4/2020), 
DAAD-PPP funding for M.L. Änkö & K. Sträßer (2018-2020); DFG & Monash co-funded 
symposium in March 2020 with T. Beilharz, C. Kilchert, K. Sträßer, F. Weber; K. Sträßer as 
participating foreign PI in an application for an Australian Center of Excellence). These ties will 
be strengthened during the second funding period of our RTG to the advantage of the participating 
institutions on both sides and the doctoral students who take part in the exchange. 

Traude Beilharz obtained her Ph.D. with Prof. Trevor Lithgow (La Trobe University, 
Bundoora, Australia) and was a postdoc with Prof. Randy Schekman at University of California at 
Berkeley, USA. As an independent PI she received many grants such as an ARC Australian 
Research Fellowship, a Monash Biomedicine Discovery Fellowship and an ARC Future 
Fellowship. Her scientific interests encompass mRNA 3’-end formation and the function of 
alternative polyadenylation, cytoplasmic polyadenylation in the metazoan germline, ncRNA 
metabolism in yeast and cancer and advances in RNA-seq technologies including the associated 
bioinformatics, which perfectly fit to the scientific interests of our RTG. After high school, T. 
Beilharz worked outside academia for five years, which gives her a unique perspective on career 
paths. Recently, she undertook a certification course in coaching, a qualification she uses to help 
women in STEM (science, technology, engineering, mathematics) navigate personal and career 
barriers and to lead a mindset course for Ph.D. students, similar to the training musicians and 
athletes receive to improve their mental game. As Mercator Fellow, she will support the career 
development of the RTG’s students and early career researchers, in addition to contributing her 
scientific expertise and bringing in opportunities for international exchange.  

During the 4.5 years of the second funding period, T. Beilharz will interact with RTG members 
in multiple ways. To keep the environmental footprint at a minimum, regular exchange between 
RTG members and T. Beilharz as well as other PIs interested in RNA biology will take place in a 
digital format. The schedule of these bilateral discussions will be project-based and flexible. Also 
in a digital format, she will offer twice-yearly discussions on different aspects of career progression 
to smaller groups of RTG students who select a topic beforehand to foster discussion. Thus, T. 
Beilharz will provide an international perspective on career options as well as work-life synergy. 
About once a year (i.e., three times in total), she will spend three weeks in Germany. Here she 
will participate in our qualification programme by giving a series of scientific talks, but also 
discussing career questions with our doctoral students. 

In addition, she and other RNA labs at Monash will be happy to host students for short-term 
research visits (up to two months, fundable by the JLU) to work on a specific aspect of their 
project. This will also give our RTG students access to the excellent core facilities of Monash 
University (e.g., microscopy including cryo-EM and mass spectrometry).  
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4.6 Additional qualification measures 
 
4.6.1 Attendance at scientific conferences  
Doctoral students will be strongly encouraged to present their research as a poster or oral 
presentation at national conferences (e.g., annual VAAM or GBM conferences), RNA-related 
colloquia or workshops (Mosbacher Kolloquium, Regulating with RNA in Prokaryotes, regular 
events of the GBM Study Group “RNA-Biochemistry” and RNA Salons of the RNA Society), and 
international meetings and conferences. It is expected that each student actively participates 
in at least two national and one international meeting / conference over the three years period. 
This will promote the personal development and scientific independence of the doctoral students 
and will enhance the visibility of the RTG. All activities will be documented by the RTG 
administrative office and announced on the RTG homepage.  
 
4.6.2 Specialised workshops organised by the RTG 
Based on the additional needs and suggestions of RTG students, the RTG 2355 will organise 
specialised scientific workshops with external experts. Generally, these will be scientists that 
work in the field. The speakers of these workshops will also be invited to present in our Invited 
Speaker Seminar Series (section 4.4.2). Where applicable, specialised transferable skills 
workshops can be organised by commercial providers (e.g., Hutchinson Training or Eurice). For 
example, they could offer training in innovation management or statistics and should cater to the 
specific needs of molecular biologists more closely than similar courses offered by the graduate 
schools. Specialised Workshops will be voluntary for our RTG students. 

In addition, external courses & workshops that enable specific career paths, e.g., Oxford 
Nanopore Training, ÄKTA User Classes (GE Healthcare), Radiation Protection (ZARF; 
https://www.zarf.de/), Genetic Engineering Regulation (BioMed Concept, 
https://www.biomedconcept.de/en/hinweis.html), or courses from the EMBL curriculum can be 
attended by selected students (with approval by the steering committee). 
 

Table 4: Suggestions for the subject of scientific workshops including possible speakers 

Topics for workshops  Potential speakers 
Phase separation Anthony Hyman, Simon Alberti 
Detection of RNA modifications via Nanopore Sequencing Ralf Gilsbach 
PacBio sequencing of long transcripts Dina Grohmann 
Cryo-EM Florian Altegoer, Alexander von 

Appen, Martin Beck, Hauke Hillen 
CRISPR/Cas genome editing Lennart Randau 
Super-resolution microscopy Stefan Jakobs and Stefan Hell 
Proximity-labelling, BioID Michael Kracht, Julien Bethune 

 
4.6.3 Student assistants – “learning by teaching” 
A popular feature of the first funding period that we would like to continue is the pairing of student 
assistants with RTG doctoral students. Usually, these are first-year M.Sc. students that will be 
supervised by a designated doctoral student. This arrangement is of mutual benefit: The student 
assistants learn the basics of lab work and become qualified in molecular biology techniques. 
At the same time, the teaching experience is highly instructive for the doctoral student. In our 
experience, student assistants often show great interest in the research and attend our scientific 
seminars and guest speaker lectures. They frequently become the next generation of doctoral 
students in our labs. 
 
4.6.4 International experience and cooperation 
Science is international, and many RTG PIs collaborate with research groups located in foreign 
countries. Where their projects would benefit, we would like to offer our doctoral students the 
opportunity to get to know different work cultures in other countries as an immersive 
experience. To promote connections to foreign research groups and mobility across borders, we 
encourage students to join collaborating labs for a research stay to learn techniques that are 
outside the expertise of the RTG. 

All doctoral students within the GGL can apply for funding of a lab rotation abroad (3-6 
weeks), which is not restricted to a specific country. The quality of the host lab, the work plan, the 
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significance for the scientific project and career advancement aspects are important selection 
criteria. It is expected that up to two RTG students per year will receive travel grants in the GGL 
lab rotation programme. In addition, we plan to offer RTG-funded research stays of up to two 
months duration, preferably in an English-speaking country. Good connections to RNA 
laboratories in Great Britain exist, e.g., to Oxford University (L. Vasiljeva) and the Universities of 
Cambridge (B. Luisi) and Glasgow (A. Castello). Other suitable laboratories are located at 
Monash University, home to our Mercator Fellow (see 4.5). The JLU will fund eight visits with 
9,000 € per visit (72,000 € total). The participation in research stays will be approved by the 
steering committee depending on the individual student’s development and the specific project.  
 
5 Supervision and career advancement, gender equality, organisation and quality 

management 
 
5.1 Announcement and selection procedure 
 
The recruitment of excellent doctoral students is key for the success of the entire programme. 
During the first funding period, we succeeded in attracting an excellent cohort of doctoral students 
by jointly advertising all 12 positions internationally through various channels. Students were then 
carefully selected in personal interviews, considering their academic performance and their 
existing familiarity with the research area from their B.Sc. and M.Sc. theses. During the second 
funding period – due to the increasing asynchrony of student recruitment – some positions may 
have to be advertised individually, but we will seek to advertise open positions jointly whenever 
possible. Regardless of the number of advertised positions, announcement and selection should 
take place according to the following guidelines:  
(1) Positions will be announced via the websites of the RTG and the cooperating graduate 

schools (GGL, MARA, IMPRS-MOB, IMPRS-MIC) as well as RNA-focussed communities 
(RNA-focussed DFG and European network grants, RNA Clubs, RNA Society, GBM RNA 
Biochemistry Studies Group, personal mailing lists of colleagues in the RNA field), journals 
(Nature, Science, Laborjournal/Labtimes) and the partner universities of the JLU to reach 
suitable candidates world-wide. The advertisement will describe our scientific research 
interests including the specific projects, our qualification and gender equality programme, 
and the selection criteria. 

(2) The following selection criteria must be met by successful applicants: Timely completion of 
their M.Sc. or comparable degree in a relevant subject (longer duration until graduation due 
to parental leave, care leave or illness will be considered); outstanding grades; experimental 
experience in RNA biology is desirable, as it will help doctoral students to complete their 
degree within three years. Applicants are asked to submit the usual documents (CV, 
publication list, transcript(s) of records, university degree(s), names of at least two 
references; documentation of English language proficiency) and a motivation letter including 
a statement on future career goals.  

(3) Candidates will be evaluated by the steering committee and the prospective PI(s) using a 
standardised evaluation sheet based on the selection criteria detailed above; a convincing 
letter of motivation and positive letters of recommendation will also be considered. Short-
listed applicants will be invited for personal interviews, during which they will also give a short 
presentation of their previous work. During these personal interviews, we will emphasize 
scientifically accurate presentation, a basic understanding of good scientific practice, logical 
thinking, and an adequate overview of and general interest in science in a broad context. 

 
5.2 Supervision and career advancement 
 
5.2.1 Thesis advisory committee (TAC) 
Each RTG student will be supervised by a thesis advisory committee (TAC). The TAC consists 
of the principal supervisor (the direct supervisor), an RTG 2355-PI as secondary supervisor, 
and a member of the institution’s graduate school as third supervisor. Optionally, doctoral 
students may choose to add a fourth member to their TAC, for example, if their research is 
interdisciplinary or a joint project with another university. The secondary RTG supervisor will be 
familiar with the student’s project from joint RTG activities and will have the opportunity to 
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regularly attend talks and poster presentations by the student at organised RTG events. The third 
supervisor will be present at graduate school activities, including annual conferences, seminars, 
and section retreats, and thus interact regularly with the student. Once per year, the TAC and 
the student will meet to discuss the research project and potential obstacles and to advise on a 
strategy for the best way forward.  

At the beginning of his/her thesis each doctoral student will write an approximately two-
page project outline, which should lay out the central question addressed in the project including 
a work programme and an approximate schedule. The project outline will be approved by the 
TAC. This project outline together with the letter of consent from the supervisor and the 
supervision agreement will also be part of the application to the respective faculty and graduate 
school (see supervision agreement including attachments). To document their progress, the 
doctoral student will present his/her project progress within the doctoral seminar series and 
summarize the status of the project (including a list of all RTG group activities the student 
participated in) at least once every year. This will be discussed at the TAC meeting following the 
presentation and documented (see TAC form as attachment to the supervision agreement). All 
documents will be stored with the RTG administrative office. 

As the DFG stipulates in the RTG guidelines, thesis projects should be finished in three years, 
a very ambitious timeline. In justified cases (e.g., technical difficulties in the project or personal 
reasons) this period can be extended to a maximum of four years. Such cases will be discussed 
and approved by the TAC and the steering committee. If an extension is granted, the TAC 
meetings should take place at least every 6 months. Funding of doctoral students until the end of 
their degree will be provided by the direct supervisor. 

 
5.2.2 Personal development reviews (PDRs) 
Based on the “Grundsätze über Zusammenarbeit und Führung in der hessischen 
Landesverwaltung” and the Statutes of the Max Planck Society, doctoral students at all 
participating institutions will have yearly personal development reviews (PDRs) with their direct 
supervisor. While TAC meetings are predominantly concerned with the scientific aspects of the 
research project, PDRs are intended to offer both sides the opportunity to discuss work 
performance and job satisfaction, review cooperation with the PI and colleagues, as well as 
conflicts, in an open, constructive manner, independently of the current status of the project. 
Importantly, PDRs should also consider the doctoral student’s career goals and seek to identify 
learning and development opportunities that will support him/her in his/her choices, taking into 
account the unique possibilities offered to RTG student members as part of the qualification 
programme. The overarching goal is to optimally plan the doctoral student’s future development. 

 
5.2.3 Start-up funding 
One outstanding doctoral student who wishes to remain in academia as an independent 
researcher will be offered the opportunity to pursue an independent research topic after 
graduation. This start-up funding for a period of one year is intended to enable him/her to develop 
an independent line of research and draft a proposal for further funding. Suitable candidates can 
be suggested by all PIs of the RTG and will be selected by the steering committee based on the 
candidate’s academic and scientific performance as well as the quality of the draft project. 
Funding will include the salary of the applicant for one year (75,600 € p.a.) as well as 24,600 € to 
cover direct project costs. Research infrastructure and access to the necessary equipment will be 
provided by the host lab (i.e., the doctoral lab, unless otherwise agreed upon). At least two PIs of 
the RTG should commit to assisting the awardee in grant writing in an advisory capacity. 
 
5.3 Equal opportunities in research 
 
Gender equality and diversity are very important to us. To promote these issues, we will rely on 
strategies that are already in place in the four host institutions and further expand them through 
RTG-specific measures. For example, we will advertise our doctoral student positions at the JLU 
partner universities to emphasize international recruitment. In addition, we will invite researchers 
from underrepresented countries to our retreats and (mini) symposia. Furthermore, our doctoral 
students will gain diversity competence by their experiences within the RTG. Although more than 
half the students in the life sciences are female, women are still underrepresented in the later 
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career stages of higher education in these disciplines. A major contributing factor to the loss of 
female talent is the high dropout rate at each transition, often because those involved cannot 
imagine themselves to obtain such a position in the future. Within our programme, we aim to 
encourage promising female researchers to pursue independent careers in science and 
academia and put special emphasis on motivating and supporting early career researchers, 
starting with their late doctoral phase. Here, we consider the availability of role models a 
particularly effective way of promoting higher representation of women in science. We are 
fortunate that successful female scientists are represented in our RTG at all career stages (see 
5.3.2). In addition, we will support doctoral students with children or care obligations and students 
with special needs. 

 
5.3.1 Gender equality, equal opportunities and work-life balance measures at the 

participating institutions 
All four host institutions and their associated graduate schools employ diverse and 
institutionalised strategies that promote equality and diversity to foster an inclusive and diverse 
climate in higher education. Already in 2013, both universities were ranked by the DFG as “state 
4” (http://www.dfg.de/download/pdf/foerderung/grundlagen_dfg_foerderung/chancengleichheit/ 
abschlussberichte/gesamtuebersicht_abschlussberichte_2013.pdf). These include a dual career 
service, child-care centres, and fellowships for mothers in the qualification phase. In addition, JLU 
offers transitional fellowships to female Ph.D. students that work on third party-funded projects 
that are nearing completion and cannot be extended (Übergangsstipendien), general doctoral 
fellowships and diverse workshops and discussion rounds (lunch seminars at the JLU). JLU and 
the University of Marburg also participate in the mentoring programme “Wissenschaftskarriere” 
tailored to postdoctoral fellows, in which K. Sträßer serves as a mentor. At the level of the state 
of Hesse, the mentoring programme “Hessen Mentoring” promotes women at the level of student 
(ProCareer.MINT), doctoral student and early postdoc (ProCareer.Doc und ProAcademia), late 
posdoc and group leader (ProProfessur). K. Sträßer has extensive experience in mentoring 
through her participation as a mentor in the programmes SciMento (predecessor of 
ProCareer.Doc/Academia) and ProProfessur, and the mentoring programme of the RNA society. 
K. Höfer is a mentor of Minerva-FemmeNet. Moreover, both universities service anti-
discrimination and inclusion offices as well as (de-)central equal opportunity commissions to 
optimize the specific and diverse working conditions for all university members. 

 
5.3.2 RTG-specific information on male and female researchers 
 

A. Research Training Group Members 
 

First Funding Period 
Second Funding 

Period 

%  
Goal 

Number 
Status Quo 

%  
Status Quo 

%  
Goal 

According to 
establishment 

proposal 
According to renewal proposal  

M F M F M F M F 

Doctoral Researchers < 50 > 50 12 18 40 60 50 50 

Postdoctoral 
Researchers 

- - - - - - 0 100 
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B. Participating Researchers 
 

First Funding Period Second Funding Period 

Number 
Status Quo 

%  
Status Quo 

Number 
Status Quo 

%  
Status Quo 

According to establishment proposal According to renewal proposal 

M F M F M F M F 

Postdoctoral Researchers* 0 1 0 100 0 1 0 100 

Junior Professors, 
Independent Junior Research 
Group Leaders 

5 1 83 17 5 3 62,5 37,5 

Professors C3/W2 1 0 100 0 0 0 0 0 

Professors C4/W3 3 2 60 40 4 1 80 20 

Total 9 4 69 31 9 5 64 36 

Total (without Niepmann)     8 5 62 38 
* Research staff with a doctoral degree but without their own working group 
 
During the first funding period, one female co-PI at the postdoctoral level left to start her own 
lab (A. Koch) but will now be replaced by L. Shalamova who co-supervises project P8. In addition, 
one female postdoctoral researcher will be associated with the RTG (N. Wäber; see table A). 
Importantly, we recruited two female independent PIs who lead research groups funded by the 
Max Planck Society and the Emmy Noether programme, respectively (K. Höfer and C. Kilchert). 
The invitation of Traude Beilharz, our new Mercator fellow, will also contribute to a more even 
gender distribution. Depending on local hiring, we may associate additional PIs of both sexes. 
 
5.3.3 RTG-specific measures to promote gender equality and provide family support 
The support offered by the institutions will be complemented by RTG-internal measures. The two 
pillars of our equality programme are, first, “factual support” – such as help in the lab and 
additional childcare (pillar 1); second, “it’s all the mind” – primarily directed at the mindset of our 
(female) researchers, as we are convinced that what a person believes they can do is much more 
likely to happen (pillar 2). These measures will include: 
1) RTG-organised workshops on gender/diversity-specific aspects that are not already offered at 

the host institutions (pillar 1 and 2), such as seminars on “unconscious bias” 
2) Discussions and mindset courses by our Mercator follow T. Beilharz and exchange about 

career decisions with our guest speakers (pillar 2). A point we consider important is that male 
researchers at early career stages nowadays often feel neglected and, sometimes, 
disadvantaged, wondering how they can get a good academic position while raising a family. 
Thus, male doctoral students should be a part of these discussions. 

3) Student assistants for doctoral students with children to a) compensate for the lost time in the 
lab while caring for a child and b) to enable pregnant and nursing doctoral students to do 
experiments that involve chemicals that they cannot handle during these times (pillar 1).  

4) We aim to conduct RTG activities within core working hours. Where this is not possible (e.g., 
annual retreat, international conference), we will organise child-care for participating parents. 
Additional child-care can also be provided in cases of special need (e.g., illness, long 
experiments); this can also be in form of a mobile baby-sitter (pillar 1). 

5) Individual workshops and coaching for female doctoral students (pillar 1 and 2) 
6) Travel funds for female doctoral students to attend specific conferences or workshops 

important for networking (pillar 1 and 2) 
7) Promotion of early independence: L. Shalamova will co-supervise the RTG project and 

N. Wäber, a Just’us Postdoctoral Fellow, will be associated to the RTG. Both will gain 
experience in project development and the supervision of doctoral students and, at the same 
time, serve as easily approachable role models. The two new female junior PIs, K. Höfer and 
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C. Kilchert) will gain exposure and visibility in the context of this RTG and serve as role models 
for our female doctoral students (pillar 2). 

8) An RTG-internal mentoring programme based on a cascade: Established PIs of the RTG will 
mentor the young female PIs (K. Höfer and C. Kilchert) who will mentor the post-doctoral 
researchers (L. Shalamova and N. Wäber) who will mentor female doctoral students. The 
rationale behind this mentoring scheme is that the next upper level is always closest to the 
concerns and problems of previous stage (pillar 2). 

 
5.4 Organisation 
 
The steering committee will be responsible for all scientific, financial, and organisational issues. 
This includes quality assurance of the research and qualification programme, the recruitment and 
admissions process as well as strategic and organisational decisions. The designated steering 
committee consists of K. Sträßer (spokesperson), C. Kilchert (vice-spokesperson), two further 
PIs (E. E.-Hackenberg, K. Höfer) and two student representatives. The steering committee will 
meet on a quarterly basis or when needed and report to the RTG members at least once a year 
at the annual retreat. The spokesperson is responsible for the general organisation, research 
coordination, gender and diversity measures and the finances of the RTG as well as the 
communication with the four host institutions and external representation. In this, she will be 
supported by C. Kilchert. E. E.-Hackenberg will supervise the qualification programme and K. 
Höfer the career advancement measures. Once elected, the student representatives will forward 
suggestions and feedback from their fellow students to the steering committee and in turn inform 
them about relevant decisions and plans. Members of the steering committee will be elected 
during the constituting meeting of the second funding period by all RTG PIs; the doctoral students 
will elect their two representatives. The coordinator will organise the recruitment process, be 
responsible for the accounting of the group-specific and general funds, communicate within the 
RTG and with Australian or other foreign partners, organise and document the various RTG 
events (seminars, guest lectures, minisymposia, international symposium; see section 4), 
maintain the website (including the announcement of events and publications) and support the 
preparation of the yearly and final report. Importantly, he/she will monitor the doctoral students’ 
progress and collect their reports. If major adjustments should be necessary, the entire RTG, 
including the doctoral students, will meet to discuss. 
 
5.5 Additional quality aspects 
 
We will offer a research and training programme at an internationally competitive standard (see 
Section 4) with selective entry and qualification standards (see Section 5). Importantly, we will 
monitor the quality of our research and qualification programme by assessing: 
1) the publications and patent applications of the doctoral students, 
2) the participation of each doctoral student in the qualification programme and their progress,  
3) the time to degree, and 
4) the career path of our doctoral students after completion of their doctoral thesis. 

To ensure that our research and qualification programme is helpful to the students, we will 
evaluate each RTG event and anonymously ask for feedback by the doctoral students once a 
year. These data will be collected by the coordinator and presented to the steering committee. 
 
6 Environment of the Research Training Group 
 
6.1 Environment 
 
Our RTG is embedded in the scientific and academic landscape of the JLU and its surrounding 
area. Nine of the 13 RTG-funded doctoral students are located at the JLU, two at the MPI of 
Heart and Lung Research in Bad Nauheim (Böttger, Schneider), one at the University of 
Marburg (Hartmann) and one at the MPI of Terrestrial Microbiology in Marburg (Höfer). Thus, 
our consortium will have access to the core facilities and platforms of four institutions including 
mass spectrometry and sequencing. Our RTG will also benefit greatly from the established 
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graduate schools GGL, 
MARA and the two IMPRS 
schools and their excellent 
transferable skills curricula 
(see Section 4.4.6). 

The JLU is situated half-
way between the MPI in Bad 
Nauheim and the institutions 
in Marburg. With a distance 
of 30 km and a very good 
train connection, all four host 
institutions are within easy 
reach. Moreover, they have 
a long tradition of coopera-
tion, which is reflected by an 
extensive record of scientific 
collaboration and joint re-
search grants (see below). 
In addition, the RTG is 
integrated into an active 
research landscape in the 
central part of the federal state of Hesse (“Mittelhessen”), which has also formally joined together 
to form the research alliance “Forschungscampus Mittelhessen” (FCMH, Research Campus of 
Central Hesse, RCCH), which includes the three universities JLU, UMR and THM (University of 
Applied Science Mittelhessen). K. Sträßer is a member of the RCCH’s Research Council. The 
FCMH strongly fosters regional collaboration. This includes cooperative recruitment strategies 
and support for joint grant applications. Biomedically relevant RNA biology has been a major 
research focus in the local research environment, with “Gene expression and RNA biology” being 
one of the defined research areas that the JLU plans to strengthen in the future, as stated in the 
strategic aims of the JLU as well as those of the Faculty of Biology and Chemistry 
(“Zielvereinbarungen”). The RTG strongly contributes to this strategic development. This is 
reflected in the additional financial support offered to the RTG by the JLU, which includes a 50% 
E13 position for the programme coordinator, 72,000 € of travel funds for our doctoral students, 
and the extension of C. Kilchert’s position after her Emmy Noether funding ends.  

Our RTG is connected to other local and national research networks that are relevant to our 
scientific focus, with PIs of our RTG being involved in several of these (also see Figure 5), 
providing synergy between them. These research networks are: 
1) DFG-funded Collaborative Research Centre 1021 (Sonderforschungsbereich 1021) „RNA 

viruses: RNA metabolism, host response and pathogenesis” 
third funding period: 2020-2024 
spokesperson: Prof. Dr. Stephan Becker, Marburg 
overlap in group composition: Hartmann, Niepmann, Weber/Shalamova, Ziebuhr 

2) DFG-funded Priority Programme SPP 1935 „Deciphering the mRNP code: RNA-bound 
determinants of post transcriptional gene regulation“ 
second funding period: 2018-2021 
spokespersons: Prof. Dr. Utz Fischer, Würzburg, Prof. Dr. Niels Gehring, Köln 
overlap in group composition: Kilchert, Sträßer 

3) Excellence Cluster “Cardiopulmonary Institute” (CPI) 
funding period: 2020-2024 
spokespersons: Prof. Dr. Stephanie Dimmeler (Frankfurt), Prof. Dr. Werner Seeger (Giessen), 
Prof. Dr. Thomas Braun (Bad Nauheim) 
overlap in group composition: Goesmann, Sträßer 

4) LOEWE Center DRUID 
Funding period: 2018-2021 
Spokesperson: Prof. Dr. Stephan Becker, Marburg 
Overlap in group composition: Weber/Shalamova, Ziebuhr 

Figure 5: Research networks with significant RTG PI involvement. 



Page 50 of 61 
 

5) DFG-funded Collaborative Research Centre (Sonderforschungsbereich TRR 267) “Non-
coding RNA in the cardiovascular system” 
First funding period: 2019 – 2023 
spokesperson: Professor Dr. Stefan Engelhardt, München 
overlap in group composition: Böttger 

6) DFG-funded Collaborative Research Centre (Sonderforschungsbereich TRR 81) “Chromatin 
Changes in Differentiation and Malignancies” 
third funding period: 2019-2023 
spokesperson: Prof. Dr. Alexander Brehm, Marburg 
overlap in group composition: Goesmann 

7) DFG-funded Priority Programme SPP 2330 „New Concepts in Prokaryotic virus-host 
interactions“ 
first funding period: 2020-2024 
spokesperson: Prof. Dr. Julia Frunzke, Jülich 
overlap in group composition: Höfer 

8) DFG-funded Priority Programme SPP 2002 „Kleine Proteine in Prokaryonten“ 
first funding period: 2017-2021 
spokesperson: Prof. Dr. Ruth Anne Schmitz-Streit, Kiel 
overlap in group composition: E.-Hackenberg (associated member) 

9) Center for Synthetic Microbiology SYNMIKRO 
Overlap in group composition: Höfer (associated member) 

There is an RNA-focussed collaborative network in Frankfurt without RTG participation: 
DFG-funded Collaborative Research Centre 902 (Sonderforschungsbereich 902) “Molecular 
Principles of RNA-based Regulation”  
third funding period: 2019-2023 
spokesperson: Prof. Dr. Harald Schwalbe, Frankfurt 
The BMBF-funded network RNAProNet (“Integrating the Network of RNA- and Protein-based 

Regulation”) uses available high-throughput data to develop bioinformatic workflows and 
algorithms to identify RNA-centred regulatory modules and networks. Thus, their approach is non-
overlapping with but complementary to our largely experimental approaches. 

 
6.2 Distinction between the RTG and Collaborative Research Centres 
 
There is a clear distinction between our RTG and the DFG-funded Collaborative Research 
Centre 1021 (SFB 1021), which does not include an integrated doctoral training programme: 
Whereas our programme aims to investigate RNA-based gene regulatory networks in a diverse 
range of organisms (including viruses), the CRC focusses its research entirely on RNA viruses, 
their metabolism and virus-specific mechanisms. However, due to shared PIs and the common 
interest in RNA biology, we expect synergies between the two research programmes. There is no 
programmatic overlap with the other local CRCs in Giessen and Marburg. 
 
7 Modules and funding 
 
7.1 Module Research Training Group 
 
7.1.1 Funding for Staff 
 

 Funding for Doctoral Researchers 
We apply for one doctoral student position per project (65% E13), i.e., 12 doctoral researcher 
positions for 4.5 years and one for 1.5 years (project Niepmann). The doctoral students will work 
on the proposed projects including collaborative projects within the RTG. 

for 12+1 doctoral students (4.5 years+1.5 year) (45,435.-/year/student) € 2,521,642.50 
 

 Funding for Doctoral Researchers in Medicine 
Not requested. 
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 Funding for Postdoctoral Researchers 
Not requested. 
 

 Funding for Qualifying Fellowships 
Not requested. 
 

 Funding for Student Assistants 
Funding for research students to support the doctoral students is requested to the extent of five 
months per year with 40 hours per month. Our M.Sc. programmes in Biology, Chemistry, and 
Bioinformatics allow students to be employed (as “Studentische Hilfskraft”) during their studies. 
We consider the early integration of talented M.Sc. students into research an important 
qualification element and a valuable experience for both M.Sc. and doctoral students. 

for 277,5 months over 4.5 years (538.- per month) € 149,295.- 
 
7.1.2 Funding for Direct Project Costs 
 

 Equipment up to €10,000, Software and Consumables 
a) For consumables we apply for € 15,000 per year for each group (except Goesmann). 

for 11+1 groups (4.5 years+1.5 years) (15,000.- / year / group)  € 765,000.- 
 

b) Additional funding is requested for RNA-Seq studies (€ 3,000.- per group per year, except for 
Goesmann). These will be administered as common central funds and available on approval 
by the steering committee. 

for 11+1 groups (4.5 years+1.5 years) (3,000.- / year / group) € 153,000.- 
 

c) Due to the ever-increasing amount of sequencing data, the bioinformatics group of Prof. 
Goesmann (not included in positions a and b above) will need more storage capacity. It is 
planned to purchase a storage server with 42 hard disks comprising a total capacity of 672 TB 
to be integrated into their Ceph storage cluster. The storage capacity will be used by the RTG 
members to store their experimental data sets and analysis results in a highly reliable way. 
The storage system is also attached to the high-performance computing cluster to allow 
efficient data processing and further downstream analyses. Funding for this server is 
requested at the beginning (2023) of the second funding period. 

for 1 storage server (672 TB)  € 30,000.- 
 

 Travel 
To expose doctoral students to the international scientific environment, let them present their 
research and to give them the opportunity for networking, we request funds for one conference 
(national or international) per doctoral student per year. We estimate the costs for a national and 
international conferences to be € 1,000 and € 2,000, respectively, including CO2 certificates. 

1,500,- per doctoral student (funded and associated = 24) per year € 166,500.- 
 

 Visiting Researchers 
We request funding for travel and accommodation of € 800.- per visiting scientist for 20 guest 
scientists per year (see Section 4.4.2). 

for 4.5 years (16,000.- per year)   € 72,000.- 
 

 Experimental Animals 
No funding is requested (the animal work of T. Böttger and A. Schneider at the MPI in Bad 
Nauheim will be financed through their core support by the Max Planck Society). 
 

 Other (Specialised transferable skills workshops) 
As outlined in our Qualification Programme, the RTG doctoral students will participate in 
transferable skill training offered by the graduate schools (see Section 4.4.6). In addition, we 
request funding for specialised transferable skills workshops organised for RTG members (incl. 
associated doctoral students). Based on our experience with the previous international IRTG 
1384 (until 2016) and the first funding period of RTG 2355, we will consider courses offered by 
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Golin Management (http://www.golin.net/), Eurice (http://eurice.eu/), and Hutchinsontraining 
(http://www.hutchinsontraining.com/training/).  

for a total of five workshops (5,000.- each on average) from 2023-2027 € 25,000.- 
 

 Publications 
Funding for publication costs is requested for 4.5 years:    € 20,000.- 

 
7.2 Module Replacements  
Not requested. 
 
7.3 Module Coordination 
 
7.3.1 Coordination 
We request funding for a programme coordinator. The coordinator needs to be a highly motivated 
person with broad expertise in scientific management and career development and thus requires 
an E13 position (50%). This position will be complemented by a 50% E13 coordinator position 
financed by the JLU. The coordinator’s tasks are listed in section 5.4. 

for 4.5 years (37,800.- per year) € 170,100.- 
 

7.3.2 Gender Inclusion Funding for Spokespersons 
I request funding for one postdoctoral position (E13, 100%) to take over some of my tasks. This 
postdoctoral researcher should take part in the supervision of doctoral students and technicians 
as well as bachelor and master students in my group, assist with teaching of practical courses 
and seminars, and take over specific lab management tasks. For research work of this 
postdoctoral fellow, I apply for € 4,400 per year for consumables (in case additional funds for 
consumables should be needed, I will cover these from the basic university budget). 

for 4.5 years (75,600.- + 4,400.- = 80,000.- per year) € 360,000.- 
 
7.4 Module Temporary Substitutions for Clinicians 
Not applicable. 
 
7.5 Module Mercator Fellows 
Prof. Traude Beilharz plans to visit us three times for three weeks as Mercator Fellow of our RTG 
(see Section 4.5). We request for travel costs (€ 2,000 per visit), accommodation (€ 3,000 per 
visit) and honorarium (€ 2,300 per visit) 

    for 3 visits (€ 7,300.-  per visit) over 4.5 years € 21,900.- 
 
7.6 Module Project-Specific Workshops 
As outlined in our Qualification Programme, we will organise one minisymposium per year (see 
Section 4.4.4; i.e. four in total), one international symposium in September 2026 (4.4.5) and 
organise two specialised RTG-internal workshops per year (4.4.6). We estimate the following 
costs: 
Minisymposia (held in Schloss Rauischholzhausen (meeting venue owned by JLU); funding 
requested for travel / accommodation / meals of 10 invited speakers and RTG members (PIs, 
doctoral researchers, and associated students, up to 60 participants)): 

for 4 minisymposia (€ 15.000 each) € 60,000.- 
International symposium (funding for travel / accommodation / honoraria of 15 invited 
speakers, and conference costs for all participant (~150 participants):            € 30,000.- 
Specialised scientific workshops (for travel / accommodation / honoraria of 1-2 invited 
speakers): 

for 9 workshops (€ 800 each) € 7,200.- 
 
7.7 Module Public Relations 
To represent the RTG to the scientific community and the public, including interested high-school 
students, we will maintain an informative website. In addition, the public will be informed about 
ongoing activities (symposia etc.) and breakthroughs (important publications) through the media 
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(university press office; local or national newspapers). The coordinator (see Module 7.3.1) will 
cover these activities, therefore no extra funding requested here.  
For the announcement of open doctoral researcher positions (see Section 5.1), we request 

for two announcements (each 1,500.-) in Jan 2023 and July 2024 € 3,000.- 
 
7.8 Module Start-Up Funding 
To support a particularly promising member of the RTG on their way to independence, we would 
like to be able to finance a transition period of up to one year after completion of the student’s 
doctoral degree. The candidate will be selected based on scientific excellence, innovative 
character and feasibility of the proposed project, as well as a convincing plan for career 
development (see Section 5.2.3). This funding will cover costs for the postdoctoral position for 
one year (€ 75,600) and consumables incl. RNA-seq, research students and travel (up to 
€ 24,400)). Laboratory space and equipment will be provided by the respective host groups.  

for one student € 100,000.- 
 
7.9 Module Gender Equality in Research Networks 
All four institutions provide very good general support for female scientist and young parents (see 
Section 5.3.1). As detailed in Section 5.3.3, we apply for funding to organise RTG-specific 
workshops on gender, to support female doctoral students during pregnancy and nursing with a 
student assistant, to provide additional childcare to RTG parents, to offer individual workshops 
and/or coaching for female doctoral students as well as travel funds. 

for 4.5 years (15,000.- per year) € 67,500.- 
 
Summary of modules and items submitted for funding 
 
Table 1: 

Staff Hours as  
percentage of 

full time 

Number Duration 
(from – to) 

Module Research Training Group: 

Doctoral Researcher  
or Comparable 

65 12 01/2023 – 06/2027 

65 1 01/2023 – 06/2024 

Postdoctoral Researcher  
or Comparable 

- - - 

- - - 

Module  
Temporary Substitutes  
for Clinicians 

- - - 

 
Table 2: 

Staff 2023 
from  

1 

2024 2025 2026 2027 
through  

6 

Total 

Module  
Research Training 
Group: Support Staff  
(Student Assistants) 

34,970  33,625 32,280 32,280 16,140 149,295 
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Module  
Replacements 

- - - - - - 

 
Table 3: 

Fellowships Basic amount 
EUR / month 

Number Duration 
(from – to) 

Module Research Training Group: 

Doctoral Fellowships - - - 

Qualifying Fellowships - - - 

Doctoral Fellowships in Medicine - - - 

 
Table 4: 

Other Project Funds 2023 
from  

1 

2024 2025 2026 2027 
through  

6 

Total 

Module Research Training Group: 

Visiting Researchers  16,000 16,000 16,000 16,000 8,000 72,000 

Equipment up to 
€10,000, Software and 
Consumables 

246,000 207,000 198,000 198,000 99,000 948,000 

Publications 4,000 4,000 4,000 4,000 4,000 20,000 

Travel 39,000 37,500 36,000 36,000 18,000 166,500 

Other 5,000 5,000 5,000 5,000 5,000 25,000 

Experimental Animals 0 0 0 0 0 0 

Module Coordination 

Coordination 37,800 37,800 37,800 37,800 18,900 170,100 

Gender inclusion 
funding for the 
spokesperson 

80,000 80,000 80,000 80,000 40,000 360,000 

Other Modules: 

Module  
Start-Up Funding 

  100,000   100,000 

Module  
Standard Allowance for 
Gender Equality  
Measures  

15,000 15,000 15,000 15,000 7,500 67,500 
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Module  
Mercator Fellows 

7,300 0 7,300 7,300 0 21,900 

Module  
Public Relations 

1,500 1,500 0 0 0 3,000 

Module  
Project-Specific  
Workshops 

16,600 16,600 16,600 31,600 15,800 97,200 

Total 468,200 420,400 515,700 430,700 216,200 2,051,200 

 
 
8 Complementary funding by the partner institution - not applicable. 
 
9 Declarations 
 
9.1 Connections to Collaborative Research Centres 
 
There are connections to the  
1. Collaborative Research Centre 1021 (SFB 1021, „RNA viruses: RNA metabolism, host 

response and pathogenesis”, with four groups overlapping (Hartmann, Niepmann, Weber, 
Ziebuhr), and with the 

2. Collaborative Research Centre (SFB-TRR 81; “Chromatin Changes in Differentiation and 
Malignancies”), with a single group overlapping (Goesmann; as service project together with 
Marek Bartkuhn).  

Although these contribute to our broad local RNA network, the topics and general aims of these 
CRCs are clearly distinct from our RTG programme. 
 
9.2 Collaboration with other partners  
 

Our RTG will be integrated into several local graduate schools, the GGL of the JLU, MARA 
of the University of Marburg and the two IMPRS programmes of the MPIs in Bad Nauheim and 
Marburg, which will support us with our Qualification Programme. 
 
9.3 Cooperation with industrial, commercial or service enterprises 
 

Within our programme, no immediate and direct industry collaboration is planned. In general, 
we are open to industry cooperation and encourage patent applications. If such opportunities 
arise during the project, we can rely on support by TransMIT, the technology transfer agency at 
our university (https://www.transmit.de/). 
 
9.4 Doctoral admission of qualifying fellows 
 
We did not apply for funding of qualifying fellows. 
 
9.5 Proposal submission to other funding organizations 
 
We did not apply for funding of this RTG to any other organization. 
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10 Publications and bibliography for the research programme 
Information under this item does not count against the maximum allowable number of pages. 
 
10.1 List of published preliminary research relevant to the research programme 
 
10.1.1 Articles published or officially accepted by publication outlets with scientific 

quality assurance, and book publications (a) 
 
T. Böttger: 
1. Valussi, M., Besser, J, Wystub-Lis, K., Zukunft, S., Richter, M., Kubin, T., Boettger, T.*, and Braun, T.* (2021) 

Repression of Osmr and Fgfr1 by Mir-1/133a Prevents Cardiomyocyte Dedifferentiation and Cell Cycle Entry in 
the Adult Heart. Sci. Adv., in press. 

2. Schutt, C., Hallmann, A., Hachim, S., Klockner, I., Valussi, M., Atzberger, A., Graumann, J., Braun, T.* and 
Boettger, T.* (2020) Linc-MYH configures INO80 to regulate muscle stem cell numbers and skeletal muscle 
hypertrophy. EMBO J., 39, e105098.  
DOI: 10.15252/embj.2020105098 

3. Wust, S., Drose, S., Heidler, J., Wittig, I., Klockner, I., Franko, A., Bonke, E., Gunther, S., Gartner, U., Boettger, 
T.* and Braun, T.* (2018) Metabolic Maturation during Muscle Stem Cell Differentiation Is Achieved by miR-
1/133a-Mediated Inhibition of the Dlk1-Dio3 Mega Gene Cluster. Cell Metab., 27, 1026-1039 e1026.  
DOI: 10.1016/j.cmet.2018.02.022 

4. Schweisgut, J., Schutt, C., Wust, S., Wietelmann, A., Ghesquiere, B., Carmeliet, P., Drose, S., Korach, K.S., 
Braun, T.* and Boettger, T.* (2017) Sex-specific, reciprocal regulation of ERalpha and miR-22 controls muscle 
lipid metabolism in male mice. EMBO J., 36, 1199-1214.  
DOI: 10.15252/embj.201695988 

5. Wystub, K., Besser, J., Bachmann, A., Boettger, T.* and Braun, T.* (2013) miR-1/133a clusters cooperatively 
specify the cardiomyogenic lineage by adjustment of myocardin levels during embryonic heart development. 
PLoS Genetics, 9, e1003793.  
DOI: 10.1371/journal.pgen.1003793 
* co-corresponding authors 
 

P. Friedhoff: 
1. Groothuizen, F.S., Fish, A., Petoukhov, M.V., Reumer, A., Manelyte, L., Winterwerp, H.H., Marinus, M.G., 

Lebbink, J.H., Svergun, D.I., Friedhoff, P. and Sixma, T.K. (2013) Using stable MutS dimers and tetramers to 
quantitatively analyze DNA mismatch recognition and sliding clamp formation. Nucleic Acids Res., 41, 8166-8181. 
DOI: 10.1093/nar/gkt582 

2. Groothuizen, F.S., Winkler, I., Cristovao, M., Fish, A., Winterwerp, H.H., Reumer, A., Marx, A.D., Hermans, N., 
Nicholls, R.A., Murshudov, G.N., Lebbink, J.H.G, Friedhoff, P. and Sixma, T.K. et al. (2015) MutS/MutL crystal 
structure reveals that the MutS sliding clamp loads MutL onto DNA. eLife, 4, e06744. 
DOI: 10.7554/eLife.06744 

3. Schneider, T., Hung, L.H., Aziz, M., Wilmen, A., Thaum, S., Wagner, J., Janowski, R., Muller, S., Schreiner, S., 
Friedhoff, P., Huttelmaier, S., Niessing, D.,Sattler, M.,Schlundt, A.,Bindereif, A. (2019) Combinatorial recognition 
of clustered RNA elements by the multidomain RNA-binding protein IMP3. Nature communications, 10, 2266. 
DOI: 10.1038/s41467-019-09769-8 

4. Wende, W., Friedhoff, P. and Sträßer, K. (2019) Mechanism and Regulation of Co-transcriptional mRNP 
Assembly and Nuclear mRNA Export. Adv. Exp. Med. Biol., 1203, 1-31. 
DOI: 10.1007/978-3-030-31434-7_1 

5. Monakhova, M., Ryazanova, A., Kunetsky, V., Li, P., Shilkin, E., Kisil, O., Rao, D.N., Oretskaya, T., Friedhoff, P. 
and Kubareva, E. (2020) Probing the DNA-binding center of the MutL protein from the Escherichia coli mismatch 
repair system via crosslinking and Forster resonance energy transfer. Biochimie, 171-172, 43-54.  
DOI: 10.1016/j.biochi.2020.02.004 

6. Fernandez-Leiro, R., Bhairosing-Kok, D., Kunetsky, V., Laffeber, C., Winterwerp, H.H., Groothuizen, F., Fish, A., 
Lebbink, J.H.G., Friedhoff, P., Sixma, T.K., Lamers, M.H. (2021) The selection process of licensing a DNA 
mismatch for repair. Nat Struct Mol Biol, 28, 373-381. 
DOI: 10.1038/s41594-021-00577-7 

7. Perry, S.A., Kubareva, E.A., Monakhova, M.V., Trikin, R.M., Kosaretskiy, E.M., Romanova, E.A., Metelev, V.G., 
Friedhoff, P. and Oretskaya, T.S. (2021) DNA with a 2-Pyridyldithio Group at the C2' Atom: A Promising Tool for 
the Crosslinking of the MutS Protein Preserving Its Functional Activity. Russ. J. Bioorg. Chem., 47, 447-460.  
DOI: 10.1134/S1068162021020205 

 
E. E.-Hackenberg: 
1. Evguenieva-Hackenberg, E. (2021) Riboregulation in bacteria: from general principles to novel mechanisms of 

the trp attenuator and its sRNA and peptide products. WIREs RNA, accepted, DOI: 10.1002/wrna.1696. 
2. Li, S., Edelmann, D., Berghoff, B.A., Georg, J., Evguenieva-Hackenberg, E. (2021) Bioinformatic prediction 

reveals posttranscriptional regulation of the chromosomal replication initiator gene dnaA by the attenuator sRNA 
rnTrpL in Escherichia coli. RNA Biol., 18, 1324-1338.  
DOI: 10.1080/15476286.2020.1846388 

3. Melior, H., Li, S., Stötzel, M., Maaß, S., Schütz, R., Azarderakhsh, S., Shevkoplias, A., Barth-Weber, S., 
Baumgardt, K., Ziebuhr, J., Förstner, K.U., Chervontseva, Z., Becher, D., Evguenieva-Hackenberg, E. (2021) 
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Reprograming of sRNA target specificity by the leader peptide peTrpL in response to antibiotic exposure. Nucleic 
Acids Res., 49, 2894-2915.  
DOI: 10.1093/nar/gkab093 

4. Melior, H., Maaß, S., Li, S., Förstner, K.U., Azarderakhsh, S., Varadarajan, A.R., Stötzel, M., Elhossary, M., 
Barth-Weber, S., Ahrens, C.H., Becher, D., Evguenieva-Hackenberg, E. (2020) The Leader Peptide peTrpL 
Forms Antibiotic-Containing Ribonucleoprotein Complexes for Posttranscriptional Regulation of Multiresistance 
Genes. mBio, 11, e01027-20.  
DOI: 10.1128/mBio.01027-20 

5. Bathke, J., Gauernack, A.S., Rupp, O., Weber, L., Preusser, C., Lechner, M., Rossbach, O., Goesmann, A., 
Evguenieva-Hackenberg, E. and Klug, G. (2020) iCLIP analysis of RNA substrates of the archaeal exosome. 
BMC Genomics, 21, 1-19.  
DOI: 10.1186/s12864-020-07200-x 

6. Melior, H., Li, S., Madhugiri, R., Stötzel, M., Azarderakhsh, S., Barth-Weber, S., Baumgardt, K., Ziebuhr, J., 
Evguenieva-Hackenberg, E. (2019) Transcription attenuation-derived small RNA rnTrpL regulates tryptophan 
biosynthesis gene expression in trans. Nucleic Acids Res., 47, 6396-6410.  
DOI: 10.1093/nar/gkz274 
 

A. Goesmann: 
1. Hoek, A., Maibach, K., Özmen, E., Vazquez-Armendariz, A.I., Mengel, J.P., Hain, T., Herold, S. and Goesmann, 

A. (2021) WASP: a versatile, web-accessible single cell RNA-Seq processing platform. BMC Genomics, 22, 1-11.  
DOI: 10.1186/s12864-021-07469-6 

2. Vazquez-Armendariz, A.I., Heiner, M., El Agha, E., Salwig, I., Hoek, A., Hessler, M.C., Shalashova, I., Shrestha, 
A., Carraro, G., Mengel, J.P., Günther, A., Morty, R.E., Vadász, I., Schwemmle, M., Kummer, W., Hain, T., 
Goesmann, A., Bellusci, S., Seeger, W., Braun, T., Herold, S. (2020) Multilineage murine stem cells generate 
complex organoids to model distal lung development and disease. EMBO J., 39, e103476 
DOI: 10.15252/embj.2019103476 

3. Schwengers, O., Hoek, A., Fritzenwanker, M., Falgenhauer, L., Hain, T., Chakraborty, T. and Goesmann, A. 
(2020) ASA3P: an automatic and scalable pipeline for the assembly, annotation and higher-level analysis of 
closely related bacterial isolates. PLoS Comput. Biol., 16, e1007134.  
DOI: 10.1371/journal.pcbi.10071347 

4. Bathke, J., Gauernack, A.S., Rupp, O., Weber, L., Preusser, C., Lechner, M., Rossbach, O., Goesmann, A., 
Evguenieva-Hackenberg, E. and Klug, G. (2020) iCLIP analysis of RNA substrates of the archaeal exosome. 
BMC Genomics, 21, 1-19.  
DOI: 10.1186/s12864-020-07200-x 

5. Gerresheim, G.K., Bathke, J., Michel, A.M., Andreev, D.E., Shalamova, L.A., Rossbach, O., Hu, P., Glebe, D., 
Fricke, M., Marz, M., Goesmann, A., Kiniry, S.J., Baranov, P. V., Shatsky, I.N. and Niepmann, M. (2019) Cellular 
gene expression during hepatitis C virus replication as revealed by ribosome profiling. Int. J. Mol. Sci., 20, 1321.  
DOI: 10.3390/ijms20061321 

6. Hilker R., Stadermann, K.B., Schwengers, O., Anisiforov, E., Jaenicke, S., Weisshaar, B., Zimmermann, T. and 
Goesmann, A. (2016) ReadXplorer 2-detailed read mapping analysis and visualization from one single source, 
Bioinformaticsm, 32(24) 
DOI: 10.1093/bioinformatics/btw541 

 
R. Hartmann: 
1. Cataldo, P.G., Klemm, P., Thüring, M., Saavedra, L., Hebert, E.M., Hartmann, R.K., Lechner M. (2021) Insights 

into 6S RNA in lactic acid bacteria (LAB). BMC Genom Data, 22, 29.  
DOI:10.1186/s12863-021-00983-2. 

2. Ganapathy, S., Wiegard, J.C., Hartmann, R.K. (2021) Rapid preparation of 6S RNA-free B. subtilis σA-RNA 
polymerase and σA. J Microbiol Methods. 2021 Sep 7:106324.  
DOI:10.1016/j.mimet.2021.106324. 

3. Wiegard, J.C., Schlüter, M.A.C., Burenina, O.Y., Kubareva, E.A., Klug, G., Grünweller, A., Hartmann, R.K. (2021) 
Northern Blot Detection of Tiny RNAs. Methods Mol Biol., 2300, 41-58.  
DOI:10.1007/978-1-0716-1386-3_5. 

4. Thüring, M., Ganapathy, S., Schlüter, M.A.C., Lechner, M., Hartmann, R.K. (2021) 6S-2 RNA deletion in the 
undomesticated B. subtilis strain NCIB 3610 causes a biofilm derepression phenotype. RNA Biol., 18, 79-92.  
DOI: 10.1080/15476286.2020.1795408 

5. Burenina, O.Y., Elkina, D.A., Migur, A.Y., Oretskaya, T.S., Evguenieva-Hackenberg, E., Hartmann R.K., 
Kubareva, E.A. (2020) Similarities and differences between 6S RNAs from Bradyrhizobium japonicum and 
Sinorhizobium meliloti. J Microbiol., 58, 945-956.  
DOI:10.1007/s12275-020-0283-1. 

6. Elkina, D., Weber, L., Lechner, M., Burenina, O., Weisert, A., Kubareva, E., Hartmann, R.K., Klug, G. (2017) 6S 
RNA in Rhodobacter sphaeroides: 6S RNA and pRNA transcript levels peak in late exponential phase and gene 
deletion causes a high salt stress phenotype. RNA Biol., 14, 1627-1637.  
DOI:10.1080/15476286.2017.1342933. 

 
K. Höfer: 
1. Schauerte, M., Pozhydaieva, N. and Höfer, K. (2021) Shaping the Bacterial Epitranscriptome-5'-Terminal and 

Internal RNA Modifications. Adv. Biol., e2100834. 
DOI: 10.1002/adbi.202100834 
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2. Abele, F., Höfer, K., Bernhard, P., Grawenhoff, J., Seidel, M., Krause, A., Kopf, S., Schröter, M. and Jäschke, A. 
(2020) A novel NAD-RNA decapping pathway discovered by synthetic light-up NAD-RNAs. Biomolecules, 10. 
DOI:10.3390/biom10040513. 

3. Höfer, K. and Jaschke, A. (2018) Epitranscriptomics: RNA Modifications in Bacteria and Archaea. Microbiol. 
Spectr., 6.  
DOI: 10.1128/microbiolspec.RWR-0015-2017 

4. Winz, M.L., Cahova, H., Nübel, G., Frindert, J., Höfer, K. and Jäschke, A. (2017) Capture and sequencing of 
NAD-capped RNA sequences with NAD captureSeq. Nat. Protoc.., 12, 122-149.  
DOI: 10.1038/nprot.2016.163 

5. Höfer, K., Abele, F., Schlotthauer, J. and Jäschke, A. (2016) Synthesis of 5′-NAD-Capped RNA. Bioconjug. 
Chem., 27, 874–877. 
DOI:10.1021/acs.bioconjchem.6b00072. 

6. Höfer, K., Li, S., Abele, F., Frindert, J., Schlotthauer, J., Grawenhoff, J., Du, J., Patel, D.J. and Jäschke, A. (2016) 
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