
 
 

 

 
 
 

21st IMPRS Symposium 
April 06 – 07, 2022 

 

Guest speakers 

 

 

 

Please join us for: 

 2 guest talks 

 21 PhD talks 

 23 poster presentations 

 4 awards  
Ilka Vosteen 

Christian Kost 



2 
 

Program 

Wednesday, April 06th, 2022 

 
08:00 Bus departs for Dornburg (Busbahnhof Jena) 

 

08:45 Welcome (Großer Kaisersaal) 
Claudia Voelckel 
 

09:00 New arrivals and defended theses in 2021/2022 (Großer Kaisersaal) 
Sarah O’Connor 

 

09:15 Plenary Lecture 1 (Großer Kaisersaal) 
“How to choose a research topic to happily work on for the rest of your life” 
Prof. Christian Kost, Department of Ecology, School of Biology/ Chemistry, University 
of Osnabrück, Abstract page 9   
                                                                                                       Chair: Claudia Voelckel 
 

10:00 Coffee break (Rittersaal) 

 

1st talk session (Großer Kaisersaal) 
Chair: Johannes Koernig  

Ubiquitous bacterial interactions 

10:30 1 - Gene loss promotes the emergence of metabolic cross-feeding interactions in soil 
bacterial communities 
Ghada Yousif (Uni Osnabrück, Kost lab), Abstract page 11   
 

10:45 2 - Detoxification of diterpene resin acids by the gut symbionts of the large pine weevil 
(Hylobius abietis) and spruce bark beetle (Ips typographus) 
Kristina Kshatriya (MPI-CE, Department of Biochemistry), Abstract page 12 
 

11:00 3 - Molecular mechanisms regulating symbiont-host interactions: a small genome 
responding to host needs and mediating host-cell entry 
Ana Simao Pinto de Carvalho (MPI-CE, Department of Insect Symbiosis),  
Abstract page 13 
 

11:15 Stretch your legs break 
 

11:25 4 - The residents of the phyllosphere: A non-zero-sum game? 
Ali Komail (FSU, Agler lab), Abstract page 14 
 

11:40 5 - Impacts of different SAP54-like genes on plant flower development and defense 
response 
Ling Dong (FSU, Theißen lab), Abstract page 15 
 

11.55 6 - The cell membrane of Rhizobium phaseoli is the crucial target for aluminium 
toxicity and tolerance 
Clabe Simiyu Wekesa (FSU, Oelmüller lab), Abstract page 16 
 

12:10 Lunch break (Rittersaal) 
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1st poster session (odd numbers) 
Chair: Claudia Voelckel 

13:10 One minute poster talks (1,3,5,7,9,11,13,15,17,19,21,23) (Großer Kaisersaal) 
 

13:30 – 
15:00 

Poster session (Rittersaal) 

15:00 
 
15:00 – 
15:30 

Coffee break (Rittersaal) 
 
IMPRS faculty meeting (Bibliothek 1) 

 

2nd talk session (Großer Kaisersaal) 
 

Chair: Julio Antonio Otarola Jimenez 

Sensory processing in flies, hornworms and locusts 

15:30 7 - Adaptive plasticity in specialists and generalists 
Somasundar Arumugam (MPI-CE, Research Group Olfactory Coding), Abstract page 17 
 

15:45 8 - Bimodal sensory processing in Drosophila melanogaster 
Devasena Thiagarajan (MPI-CE, Research Group Olfactory Coding), Abstract page 18 
 

16:00 9 - Functional interaction between Drosophila olfactory sensory neurons and their 
support cells 
Sinisa Prelic (MPI-CE, Department of Evolutionary Neuroethology), Abstract page 19 
 

16:15 10 - Sex and mating-status dependent, tissue-wide expression patterns of chemo- 
sensory receptor genes in the hawkmoth Manduca sexta 
Megha Treesa Tom (MPI-CE, Department of Evolutionary Neuroethology),  
Abstract page 20 
 

16:30 11 - Anatomical and cellular organisation of the olfactory system of Locusta migratoria 
Dimitriou Eleftherios (MPI-CE, Department of Evolutionary Neuroethology),  
Abstract page 21 
 

16:45 
 

End 

17:00 
 

Bus departs for Jena 
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Thursday, April 07th, 2022 
 

08:00 Bus departs for Dornburg (Busbahnhof Jena) 
 
 

09:00 Plenary Lecture 2 (Großer Kaisersaal) 
“Odor-guided foraging behavior of plant-associated insects: using complex 
signals in complex environments” 
Dr. Ilka Vosteen, Agricultural Entomology, Georg-August Universität Göttingen,  
Abstract page 10 
                                                                                                                    Chair: Grit Kunert 
 

09:45 Coffee break (Rittersaal) 
 

 
 

3rd talk session (Großer Kaisersaal) 
 

Chair: Olga Zafra Delgado 

Ecology and biochemistry of plant metabolites 

10:15 12 - Volatile diversity profiles across a plant diversity gradient 
Pamela Medina van Berkum, (MPI-CE, Department of Biochemistry) Abstract page 22 
 

10:30 13 - Fed on and fed up: How do plants handle simultaneous above- belowground 
herbivory? 
Jessil Ann Pajar (FSU, Van Dam Lab), Abstract page 23 
 

10:45 14 - Elucidated ecological function of triterpenes in Nicotiana attenuata 
Caiqiong Yang (MPI-CE, Departments of Molecular Ecology / Natural Product 
Biosynthesis), Abstract page 24 
 

11:00 Stretch your legs break 
  

11:10 15 - Toxicity ranking of cardenolides from Asclepias curassavica seeds  
Paola Rubiano Buitrago (MPI-CE, Max Planck Research Group Predators and Toxic 
Prey), Abstract page 25 
 

11.25 16 - The first step of phenylphenalenone biosynthesis (diarylheptanoid formation) in the 
seeds of Musella lasiocarpa 
Hui Lyu (MPI-CE, Research Group Biosynthesis/NMR), Abstract page 26 
 

11:40 17 - Engineering the biosynthesis of vinblastine monomers in Nicotiana benthamiana 
Dagny Grzech (MPI-CE, Department of Natural Product Biosynthesis), Abstract page 27 
 

11:55 Lunch break (Rittersaal) 
 

 
2nd poster session 

Chair: Claudia Voelckel 

  

13:00 One minute poster talks (2,4,6,8,10,12,14,16,18,20,22) (Großer Kaisersaal) 
 

13:20 – 
14:50 

Poster session (Rittersaal) 
 

14:50 Coffee break (Rittersaal) 
 

 



5 
 

 
4th talk session (Großer Kaisersaal) 

 
Chair: Alina Nick 

Chemical ecology potluck 

15:20 18 - Characterization of the major venom toxins from the African assassin bug Psytalla 
horrida 
Maike Fischer (MPI-CE, Department of Insect Symbiosis), Abstract page 28 
 

15:35 19 - How did the preemptive counter-defense become superior?  A modeling study on 
plant-herbivore interactions 
Suman Chakraborty (FSU, Schuster lab), Abstract page 29 
 

15:50 20 - Unravelling metabolic underlinings of Norway spruce’ (Picea abies) early 
responses to volatiles of Tricholoma vaccinum 
Marycolette Ezediokpu (FSU, Kothe lab), Abstract page 30 
 

16:05 21 - Drosophila egg and larval chemical profiles and their influence on oviposition and 
feeding decisions 
Rolando Moreira Soto (MPI-CE, Department of Evolutionary Neuroethology),  
Abstract page 31 
 

16:20 End 
All jury members submit their scores and rankings (hand to Anja or Claudia) 
 

16:45 
 

Bus departs for Jena 

 
 

PhD Meeting (MPI for Chemical Ecology) 
 

  

18:00 Dinner (Cafeteria) 
 

18:30 Introduction PhD representatives (A1.011 + A1.009) 
 

19:00 Award ceremony 
Sarah O’Connor 
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Posters 
 

1. Wild and tame: comparing the microbial communities of indoor-reared versus field 
collected spruce bark beetles (Ips typographus L.) 
Ana Patricia Baños Quintana (MPI-CE, Department of Insect Symbiosis),  
Abstract page 33 

2. Idiosyncrasy of navigating desert ants 
Marilia Freire (MPI-CE, Department of Evolutionary Neuroethology),  
Abstract page 34 

3. Chemical mediators in a multipartite symbiosis 
Alina Nick (MPI-CE, Department of Insect Symbiosis), Abstract page 35 

4. Immune division of labour in the clonal raider ant 
Zimai Li (MPI-CE, Lise Meitner Group Social Behavior), Abstract page 36 

5. Creating a model symbiosis: symbiont transmission and host-symbiont interactions in 
stored-grain pest beetles 
Ronja Krüsemer (MPI-CE, Department of Insect Symbiosis), Abstract page 37 

6. Working for bed and breakfast: defense in the neotropical ant-plant Tococa 
Andrea Müller (MPI-CE, Research Group Plant Defense Physiology),  
Abstract page 38 

7. Microbes impact on cold tolerance in Drosophila melanogaster 
Marion Lemoine (MPI-CE, Department of Insect Symbiosis), Abstract page 39 

8. Characterisation of FLC-like genes in Aethionema arabicum  
Renu Sharma (FSU, Theißen lab), Abstract page 40  

9. The impact of tyrosine-supplementing symbionts on desiccation resistance in the pest 
weevil, Sitophilus oryzae 
Sthandiwe Nomthandazo Kanyile (MPI-CE, Department of Insect Symbiosis),  
Abstract page 41 

10. Identification of color pigments in using mass spectrometry 
Mahendra Varma (FSU, Schielzeth lab), Abstract page 42 

11. Metabolic host-symbiont interaction in the grain pest beetles Dinoderus porcellus 
Camila Fiori Pereira (MPI-CE, Department of Insect Symbiosis), Abstract page 43 

12. Developing a method to analyze stress-induced Ca2+ response in plants connected via 
fungal bridge 
Liza Zhyr (MPI-CE, Research Group Plant Defense Physiology), Abstract page 44 

13. Reciprocal protection in the beewolf-Streptomyces symbiosis 
Bernal Matarrita Carranza (MPI-CE, Department of Insect Symbiosis),  
Abstract page 45 

14. Distress signaling in plant microbe Interaction 
Priya Reddy (FSU, Oelmüller lab), Abstract page 46  

15. Frequency of colonization and bacterial activity in the leaves of Arabidopsis thaliana are 
influenced by plant defense metabolites 
Kerstin Unger (FSU, Agler lab), Abstract page 47 

16. Impact of a new Trichoderma strain on the host's physiological response to salt stress 
Akanksha Gandhi (FSU, Oelmüller lab), Abstract page 48 
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17. Finding a partner: sexual communication in Drosophila 
Eric Wiesel (MPI-CE, Department of Evolutionary Neuroethology),  
Abstract page 49 

18. Cardenolides in Asclepiadeae 
Elisa Elstermann (Max Planck Research Group Predators and Toxic Prey), 
Abstract page 50 

19. Evolution of the olfactory system in feeding versus non-feeding moths 
Marina Quadrado (MPI-CE, Department of Evolutionary Neuroethology),  
Abstract page 51  

20. Development of single-cell analytical techniques for medicinal plants 
Anh Hai Vu (MPI-CE, Department of Natural Product Biosynthesis),  
Abstract page 52 
 

21. Effect of learning on oviposition preference in Drosophila melanogaster 
Julio Otárola Jiménez (MPI-CE, Department of Evolutionary Neuroethology), 
Abstract page 53  

22. Reinventing pathways: convergent evolution of specialized metabolites in flowering plants 
Matilde Florean (MPI-CE, Department of Natural Product Biosynthesis),  
Abstract page 54 

23. Forming Groups: How Locusta migratoria aggregate 
Anjana Pisharody Unni (MPI-CE, Department of Evolutionary Neuroethology), 
Abstract page 55 
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Plenary Talk 
 

How to choose a research topic to happily work on for the rest of  

your life 

 
Christian Kost1 

 
1Department of Ecology, School of Biology/ Chemistry, University of Osnabrück; Osnabrück, Germany 

christian.kost@uni-osnabrueck.de 

 

 

As a scientist, one needs to make strategic career decisions. One of them is: Which topic would I like to 

work on – potentially for the rest of my life? This is of course not an easy question and its answer is very 

personal. However, it may help to hear from others that made this decision before, which criteria they 

used in their specific case. 

In my talk, I will try to explain how I defined my research profile. I will introduce my own career path and 

the lessons I learned along the way in the hope that these insights might be useful for others that are 

still in the process of orientation.  

In this way, I will explain the reasons for why my group and I focus on analyzing the ecology and 

evolution of metabolic cross-feeding interactions in bacteria. Besides highlighting the advantages of 

using microbial systems to address fundamental questions in ecology and evolution, I will introduce 

some recent results on experiments we did to understand the evolution of metabolic cooperation within 

microbial communities.  

  

mailto:christian.kost@uni-osnabrueck.de
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Plenary Talk 
 

Odor-guided foraging behavior of plant-associated insects: using 
complex signals in complex environments 

 
Ilka Vosteen1 

 
1Agricultural Entomology, Georg-August Universität Göttingen, Göttingen, Germany 

ilka.vosteen@uni-goettingen.de 

 

 

Although the use of plant volatiles as an important source of information is well established across all 

trophic levels of plant-associated insects, it is less clear how foragers deal with the highly variability of 

volatile cues and find resources in complex environments that contain non-resource organisms. Odor-

guided foraging has been studied intensively under controlled conditions in simple artificial environments 

such as y-tube olfactometers or wind tunnels. While such set-ups are of great help to understand which 

odors are attractive to foraging insects, they usually provide only little information how insects behave 

in more complex and variable environments. In the first part of the talk, I will present some approaches 

to study parasitoid behavior directly in the field and to increase the complexity of foraging situations in 

laboratory studies. 

Herbivore-induced plant volatiles (HIPVs) are important foraging cues for parasitoids, but these blends 

are highly variable and HIPV emission is influenced by several factors such as plant genotype, biotic 

and abiotic conditions. Despite nearly 30 years of research on the attraction of natural enemies by 

HIPVs, we only have a limited understanding on the blend properties that determine the attractiveness 

of HIPV blends for foraging parasitoids. In the second part of this talk, I will present some preliminary 

results from projects that aim to disentangle the variability of HIPV blends in order to find out which 

compounds mitigate the attractiveness of volatile blends. The ultimate goal of this research is to identify 

crop genotypes that emit highly attractive HIPV-blends under fluctuating environmental conditions to 

enhance biological pest control. 

  

mailto:ilka.vosteen@uni-goettingen.de


11 
 

Talk 1 

 
Gene loss promotes the emergence of metabolic cross-feeding 

interactions in soil bacterial communities 
 

Ghada Yousif1,2, Swagatika Dash1, Francisco Zorrilla3, Sharvari Harshe1, Samir Giri1,2, Rui Guan3, 

Kiran R Patil3, Christian Kost1,2 

 
1Department of Ecology, School of Biology/Chemistry, University of Osnabrück, Osnabrück, Germany 

2Experimental Ecology and Evolution Group, Department of Bioorganic Chemistry, Max Planck 

Institute of Chemical Ecology, Jena, Germany  
3Medical Research Council Toxicology Unit, University of Cambridge, Cambridge, UK 

ghada.myousif@gmail.com 

 

 

In their natural environment, bacteria commonly engage in metabolic cross-feeding interactions with 

members of the same or a different bacterial species. However, the eco-evolutionary mechanisms 

driving the emergence of these interactions remain poorly understood. A previously proposed theory, 

called the Black Queen Hypothesis (BQH), predicts that in the presence of genotypes that release a 

costly metabolite in the extracellular environment, natural selection will favour the loss of biosynthetic 

genes to produce this metabolite in other bacterial cells. This process results in a unidirectional cross-

feeding interaction between two individuals, which, in the long run, may evolve in an even tighter 

ecological interaction.  

Although several previous studies have suggested that auxotrophic loss-of-function mutants may be 

common in natural bacterial communities, a formal experimental test of the BQH remains to be done. In 

this study, we aimed at filling this gap by focussing on the exchange of amino acids between soil-derived 

microbial isolates. For this, almost 7,000 bacterial clones were isolated and characterized based on their 

ability to grow with or without amino acids. Interestingly, up to 40% of all culturable bacteria were 

auxotrophic for one or more amino acids. Moreover, observed auxotrophies included mainly branched-

chain amino acids (i.e., leucine, valine, and isoleucine). Next, we tested if prototrophic strains could 

facilitate the growth of auxotrophs by providing the required amino acids. To this end, 38 isolates (i.e., 

17 auxotrophic and 21 prototrophic strains) were subjected to a large-scale coculture experiment, in 

which the ability of prototrophic strains to support the growth of auxotrophic recipients was determined. 

The results of this experiment revealed that metabolic cross-feeding interactions were ubiquitous and 

that all tested auxotrophs grew with at least one partner. Strikingly, isolates differed in their cross-feeding 

abilities: while some prototrophic isolates did not support the growth of any auxotrophs, others cross-

feed with many of them. Finally, we sequenced the complete genome of nine isolated auxotrophs and 

found that these strains lacked many amino acid biosynthetic genes. Altogether, these findings support 

the BQH. Moreover, our results highlight that reductive genome evolution is pervasive within bacterial 

communities and that the resulting metabolic dependencies play an essential role in shaping microbial 

interactions.  

  

javascript:;
javascript:;
mailto:ghada.myousif@gmail.com
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Talk 2 

 

Detoxification of diterpene resin acids by the gut symbionts of the large 

pine weevil (Hylobius abietis) and spruce bark beetle (Ips typographus) 

 
Kristina Kshatriya1, Martin Kaltenpoth2, Jonathan Gershenzon1, Axel Schmidt1 

 
1Department of Biochemistry, Max Planck Institute for Chemical Ecology, Jena, Germany 

2Department of Insect Symbiosis, Max Planck Institute for Chemical Ecology, Jena, Germany 
kkshatriya@ice.mpg.de 

 

 

Conifer forests in Europe are currently suffering from significant damage caused by forest pests. The 

spruce bark beetle (Ips typographus) attacks mature Norway spruce (Picea abies) trees, and current 

outbreaks are causing serious ecological and economic losses. Meanwhile, the large pine weevil 

(Hylobius abietis) feeds readily on the bark of newly planted seedlings, often causing seedling death to 

the detriment of reforestation efforts. Bark beetles and pine weevils both consume spruce bark and are 

associated with numerous microorganisms, including fungal and bacterial symbionts that may promote 

attacks on trees. Previous studies have indicated that bacteria may also play important roles in 

detoxifying host tree defenses while providing increased insect fitness. Diterpene resin acids, which are 

the major non-volatile components of spruce oleoresin, have been demonstrated to function as insect 

repellents, antifeedants, and toxins. While diterpenes have been reported to be degraded by both 

insects and bacteria, no pathways or breakdown products have been identified so far. 
The objective of this project is to identify the diterpene detoxification strategies of these two spruce bark-

consuming insects. GC-MS results show that terpene quantity is highly reduced in weevil feces when 

compared to the feeding material, indicating that these compounds are degraded within the gut of the 

weevil. Pine weevils treated with antibiotics have double the amount of diterpenes in their feces, 

suggesting the involvement of the gut microbiome in degrading diterpene resin acids. 16S rRNA 

sequencing was used to get a better understanding of the gut microbial communities of both pine weevils 

and bark beetles. Antibiotic-treated weevils had significantly different microbial communities than control 

weevils, with a reduction in the proportion of Erwinia, Enterobacter, and Weissella. These results will 

allow us to hypothesize which bacterial taxa may be involved in diterpene degradation in pine weevils 

and bark beetles. Furthermore, LC-Q-ToF-MS was used to identify several putative diterpene 

degradation products in weevil feces, including hydroxylated and glucosylated forms of diterpene resin 

acids. From here, we can start to hypothesize a breakdown pathway, as well as start to look for 

candidate genes that may be involved in the degradation of diterpene resin acids.  

Our understanding of the complex biological interactions among host trees, insects, and the gut bacteria 

in the forest ecosystem is currently limited. The research generated from this project will give new 

insights into how insects are able to survive on trees with abundant chemical defenses.  

  

mailto:kkshatriya@ice.mpg.de
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Talk 3 
 

Molecular mechanisms regulating symbiont-host interactions: a small 
genome responding to host needs and mediating host-cell entry 

 
Carvalho, Ana1,4; Antelo, Luis1;  Niehrs, Christof2; Kaltenpoth, Martin1,3 

 
1iomE, Johannes Gutenberg-University Mainz 

2Department of Microbiology and Biotechnology, Institute of Molecular Physiology, Johannes 

Gutenberg University Mainz, Mainz, Germany 
3Institute of Molecular Biology (IMB), Mainz, Germany 

4Department of Insect Symbiosis, Max Planck Institute for Chemical Ecology, Jena, Germany 

acarvalho@ice.mpg.de 

 

 

Symbiotic relationships between animals and bacteria can play a major role in the diversification of 

animal ecological niches. In several insects, symbiosis allows for the exploitation of otherwise 

inaccessible dietary resources. Nutritional benefits provided by symbionts can be life-stage specific, 

when larvae and adults consume different diets. Such is the case in reed beetles (Coleoptera, 

Chrysomelidae, Donaciinae) that harbor intracellular bacterial symbionts. Genomic evidence suggests 

that the symbionts provide amino acids during the host larval stages and help with digestion of plant cell 

wall material via encoded pectinases in adult beetles. These symbionts have a reduced genome with 

only one transcription factor, so regulation of gene expression should mostly take place via other 

mechanisms. To understand whether these symbionts still respond to host nutritional needs, we use 

RNA-seq to compare symbiont gene expression between larvae and adult reed beetles. The results 

suggest that, although gene expression profiles are very similar between symbionts harbored by adults 

and larvae, the symbionts upregulate genes for the biosynthesis of aromatic amino acid pathways in the 

larvae. Among these upregulated genes we find the tryptophan operon, which has a well characterized 

regulation via a riboswitch in E. coli. This further reinforces the symbiont’s role in amino acid provisioning 

in the larval stage and suggests an important role of riboswitches in the regulation of gene expression 

in eroded genomes. The different symbiont-provided benefits in reed beetles coincide with a transition 

from extra- to intracellular localization.  We hypothesize that a plasmid-encoded invasin mediates this 

transition, as invasins are known to mediate host-cell entry in pathogenic bacteria by binding to integrin 

receptors in the host-cells. We aim to characterize the role of invasin in host cell entry by the reed 

beetles’ mutualists and to identify the host receptors mediating symbiont entry. Altogether, our results 

are expected to provide insight into two different aspects of symbiosis: the regulation of life-stage 

specific benefits and the molecular mechanism of host-cell entry. 

file://///filer5/acarvalho.$/acarvalho@ice.mpg.de
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Talk 4 
 

The residents of the phyllosphere: A non-zero-sum game? 

 

Syed Ali Komail Raza1, Kerstin Unger1, Erika Kothe1, Jonathan Gershenzon2, Matthew Agler1  

 
1Friedrich Schiller University Jena, Jena, Germany 

2Max Planck Institute for Chemical Ecology, Jena, Germany 

sraza@ice.mpg.de 

 

 

The phyllosphere contributes to much of the biomass on Earth and also provides an extremely large 

surface area for microbial communities to live and interact. Unlike the rhizosphere, the phyllosphere is 

an exposed environment that is subject to multiple biotic and abiotic fluctuations. It is therefore a dynamic 

and very heterogeneous medium. However, despite these challenging conditions, there is structuring 

and selection of microbial communities present across plant species. The microbiome of the 

phyllosphere interacts closely with and influences the life processes of plants. In addition, it is the 

medium of exchange in the terrestrial ecosystem for the transfer of beneficial and pathogenic 

microorganisms, i.e. pollinators. While there is evidence of microbial effects on plant growth and 

defences, the mechanisms of microbial assembly in the phyllosphere are sparse and not well 

understood. This study will focus on how temperature and hosts together affect microbial assemblage 

in the phyllosphere and what this assemblage in turn means for host fitness. The research will be 

conducted on annual winter plants such as the model Arabidopsis thaliana to elucidate aspects of leaf 

colonisation. These include the influence of cold dormancy, the combinatorial role of temperature and 

glucosinolates, and the effect of temperature on bacterial degradation of glucosinolate-derived 

metabolites and how this affects the development of leaf pathobiomes.We are studying five A. thaliana 

populations from Jena, Germany, which show low diversity within populations and high diversity 

between populations, including different profiles of aliphatic glucosinolates in the leaf. In this era of 

unprecedented anthropogenic stressors and climate change, a concrete understanding of how plant 

holobionts function is of utmost importance and urgently needed for ecosystem services. 

  
  

mailto:sraza@ice.mpg.de
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Talk 5 
 

Impacts of different SAP54-like genes on plant flower development and 
defense response 

 
Ling Dong1, Florian Rümpler1, and Günter Theißen1 

 
1Matthias Schleiden Institute, Genetics, Friedrich Schiller University, Jena, Germany 

ling.dong@uni-jena.de 

 

 

Phytoplasmas are a large group of plant pathogenic bacteria that are transmitted by phloem-feeding 

hemipteran insects and cause various diseases in more than 1000 plant species. Phytoplasmas 

influence plant morphology and manipulate plant development by secreting effector proteins that target 

essential transcription factors and signaling pathways in the plant hosts. The effector protein SAP54 has 

been reported in some phytoplasmas and demonstrated to induce phyllody (transformation of floral 

organs into leaf-like structures) by mediating degradation of MADS-domain transcription factors (MTFs) 

that are important to plant flower development. However, functions of SAP54 beyond phyllody induction 

and if SAP54-like genes from different phytoplasmas impact plant host and/or insect vectors differently 

are poorly revealed. In the current study, we collected SAP54-like genes from different phytoplasma 

species/strains and reconstructed the phylogeny of the SAP54 gene family. We hypothesized that 

different SAP54-like genes might function differently because of sequence differences among them 

which translate into differences in target protein specificity. In this regard, we characterized seven 

SAP54 homologs from four different groups derived from the SAP54 phylogenetic tree. Stable 

transgenic Arabidopsis plants overexpressing different SAP54-like genes suggested that six of them 

(SAP54_AYWB, SAP54_CPS, SAP54_SP1, SAP54_284/09, SAP54_PnWB, and SAP54_WBDL) 

induced phyllody in Arabidopsis except for SAP54_SY because of two amino acids differences. Yeast 

two-hybrid (Y2H) assay indicated different SAP54 proteins which induce phyllody had very similar MTF 

targets. Some SAP54-like genes could also induce other symptoms (eg. Yellowing and early flowering 

in SAP54_AYWB, SAP54_CPS, SAP54_SP1, and SAP54_WBDL overexpressing Arabidopsis plants). 

We also investigated whether different SAP54-like genes influence plant hormone synthesis and 

defense response. Taken together, SAP54-like genes from different phytoplasma species/strains 

modulate plant hosts differently. Our study will provide insights into the role of effector proteins for plant 

disease phenotype development and phytoplasma fitness and evolution. 

 

  

mailto:ling.dong@uni-jena.de
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Talk 6  
 

The cell membrane of Rhizobium phaseoli is the crucial target for 
aluminium toxicity and tolerance 

 
Clabe Wekesa1, Alexandra ACU Furch1, Ralf Oelmüller1 

 
1Department of Plant Physiology, Matthias Schleiden Institute of Genetics, Bioinformatics and 

Molecular Botany, Friedrich-Schiller-University Jena, Jena, Germany 

cwekesa@ice.mpg.de 

 

 

Soils with low pH and high aluminium (Al) contamination restrict common bean production, mainly due 

to adverse effects on rhizobia proliferation. We isolated a novel rhizobium strain, B3, from Kenyan soil 

more tolerant of Al stress than the widely used commercial strain CIAT899. B3 was resistant to 50 µM 

Al and recovered from 100 µM Al stress, while CIAT899 did not. Calcein labeling showed that less Al 

binds to the B3 membranes. Less ATP and mScarlet-1 protein, a cytoplasmic marker, leaked out of B3 

than CIAT899 cells in Al-containing media. Expression profiles showed that the primary targets of Al are 

genes involved in membrane biogenesis, metal ions binding and transport, carbohydrate, and amino 

acid metabolism and transport. Guided by differential gene expression, we assayed the amount of 

extracellular exopolysaccharide (EPS) and biofilm formation during Al stress. In conclusion, we 

demonstrate that Al tempers with the membrane integrity of rhizobia and, therefore, metabolic processes 

targeting membrane protection, repair, and stability are essential for Al tolerance in R. phaseoli. 

  

mailto:cwekesa@ice.mpg.de
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Talk 7 
 

Adaptive plasticity in specialists and generalists 
 

Somasundar Arumugam1,2, Karen Rihani1,2, Bill S. Hansson1,2, Silke Sachse1,2 

 
1Department of Neuroethology, Max Planck Institute for Chemical Ecology, Jena, Germany 

2Max Planck Center next Generation Chemical Ecology, Jena, Germany 

sarumugam@ice.mpg.de 

 

 

Increased anthropogenic activities have led to strong detrimental effect on the environment and climate 

change. Rise in global temperature and gaseous pollutants disturb the ecological interaction and the 

insect biodiversity. Pollutants such as ozone (O3) and nitrous oxide (NOx) are released into the 

atmosphere and directly affect the odour blend composition due to their oxidative power (Farré-

Armengol et al. 2016, Fuentes et al. 2016, Cook et al. 2020). A recent study from our lab showed that 

levels of ozone found in rural areas disrupt the innate attraction of the tobacco hawkmoth Manduca 

sexta to the odour of one of its preferred flowers (Cook et al. 2020). However, this study showed that 

moths are able to learn ozone-altered floral odours through reward learning. Therefore, we speculate 

that insects such as Drosophilids might also possess similar ability in coping with modified odours 

through anthropogenic pollutants. We therefore investigate the effect of ozonated and/or polluted odours 

on the behaviour of “generalists” (Drosophilids that live in a wide ecological niche) and “specialists” 

(Drosophilids that live in a particular place). We hypothesize that “generalists” could adapt better than 

“specialists” in an increasingly polluted atmosphere. For instance, D.sechellia, a specialist Drosophilid, 

has adapted peripheral receptors and neural circuits in the brain allowing the insect to feed on noni fruit 

which other drosophilids strongly repel. These specialized changes which are beneficial to thrive in a 

specific niche might be the cause for specialists like D.sechellia to be less adaptive to increasing levels 

of pollutants in the environment. The objective of the project is to study the adaptations and plasticity of 

various drosophilids in response to pollutants. Through behavioral experiments we found that D. 

melanogaster flies upon ozonation exhibit a decreased response to attractive odours and an increased 

aversion to aversive odors. Further imaging and electrophysiological experiments will reveal the 

neuronal mechanism behind the observed modified odour perception in ozonated flies at a functional 

and behavioral level. Furthermore, we aim to analyze the learning abilities of the different drosphilids to 

adapt to modified (i.e. ozonated) food odors.    
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Insects utilize a myriad of sensory signals to navigate in nature and they can learn this information to 

form memories, which influence decisions at a later point in time. Conventional conditioning experiments 

have been used to observe learning behavior of vinegar flies (Drosophila melanogaster) using olfactory 

and visual modalities. In our work, we combine the presentation of visual (blue or green light) and 

olfactory (food odors) sensory stimuli in an aversive conditioning paradigm to study the effect of bimodal 

integration on learning performance. Vinegar flies exhibit very strong aversive olfactory learning 

immediately after the first training trial with an electric shock, but show only weak visual learning in 

comparison, even after the fourth training trial. However, we see that when trained bimodally to both an 

odor and a visual stimulus, flies show significant visual learning after only the first training trial. We also 

see a stronger long-term olfactory memory 24 hours after bimodal training than after only olfactory 

training. These behavioral results indicate that bimodal sensory integration might be aiding in stronger 

reinforcement of the punishment when normally, the presentation of a single sensory stimulus only leads 

to weak or no reinforcement. Although the neuronal correlates of learning have been long identified in 

the dopaminergic neuron clusters of the mushroom body, recent studies have thrown light on lateral 

horn output neurons (LHONs) that play a role in aversive olfactory learning. Incidentally, it is also of 

interest that the ventral region of the lateral horns is known to receive visual input from the optic lobes. 

Drawing observations from our behavioral results and the available data on the neural circuitry, 

subsequent investigation using functional imaging techniques in the D. melanogaster nervous system 

can lead to the identification of prospective neurons in the lateral horn that receive, consolidate and 

integrate bimodal sensory information. 
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Insects detect volatile chemicals using antennae, which house a vast variety of olfactory sensory 

neurons (OSNs) that innervate hair-like structures called sensilla where odor detection takes place. In 

addition to OSNs, the antenna also hosts various support cell types. These include the triad of trichogen, 

tormogen, and thecogen support cells that lie adjacent to their respective OSNs. The arrangement of 

OSN supporting cells occurs stereotypically for all sensilla and is widely conserved in evolution. While 

insect chemosensory neurons have received considerable attention, little is known about the functional 

significance of the cells that support them. For instance, it remains unknown whether support cells play 

an active role in odor detection, or only passively contribute to homeostasis, e.g., by maintaining 

sensillum lymph composition. To investigate the functional interaction between OSNs and support cells, 

we used optical and electrophysiological approaches in Drosophila. First, we characterized the 

distribution of various supporting cells using genetic markers. By means of an ex vivo antennal 

preparation and genetically-encoded Ca2+ and K+ indicators, we then studied the activation of these 

auxiliary cells during odor presentation in adult flies. We observed acute responses and distinct 

differences in Ca2+ and K+ fluxes between support cell types. Finally, we observed alterations in OSN 

responses upon thecogen cell ablation in mature adults. Upon inducible ablation of thecogen cells, we 

notice a gain in mechanical responsiveness to mechanical stimulations during single-sensillum 

recording, but a lack of change to the neuronal resting activity. Taken together, these results 

demonstrate that support cells play a more active and responsive role during odor processing than 

previously thought. Our observations thus reveal that support cells functionally interact with OSNs and 

may be important for the extraordinary ability of insect olfactory systems to dynamically and sensitively 

discriminate between odors in the turbulent sensory landscape of insect flight. 
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For the nocturnal hawkmoth Manduca sexta, olfactory and gustatory cues are essential for finding 

partners, food, and oviposition sites. Three chemosensory receptor families, odorant receptors (ORs), 

ionotropic receptors (IRs) and gustatory receptors (GRs) are involved in the detection of these stimuli. 

While many of these receptor genes have been identified, their expression and function remain to be 

unraveled. Here, we studied the expression patterns of chemosensory receptors in different tissues 

including the antennae, labial palps, proboscis, legs, wings and ovipositors. We compared the receptors’ 

expression in female and male moths both before and after mating by using the NanoString platform. 

This tool allowed us to measure levels of 151 transcripts of chemosensory receptor genes in a single 

reaction using probes designed against 73 ORs, 29 IRs and 49 GRs. In all tissues investigated, we 

detected the expression of genes from all three receptor families. The highest number of receptors was 

detected in antennae (104) and ovipositors (97), while the least number was detected in the hind legs 

(45). The antennae expressed the highest number of OR genes (67), of which nine were specific to the 

antennae. The ovipositor expressed the highest number of IR (21) and GR genes (25). The expression 

of the OR co-receptor MsexORCo was detected in all tissues except the wings and hind legs. IR co-

receptors MsexIR25a and MsexIR76b but not MsexIR8a were expressed across all tissues. By 

comparing the levels of all 151 transcripts across tissues, we found 32 instances of sex-biased gene 

expression, 21 of which were in the sexually dimorphic antennae. We also found 43 genes that were 

expressed differentially following mating. In most of the cases, these differences were found in the 

antenna (9) and the proboscis (8). In conclusion, we observed differential expression of certain 

chemosensory receptor genes in different tissues in a sex and mating-status dependent manner. These 

gene expression patterns form a strong ground for the functional characterization of chemosensory 

receptors in M. sexta. 
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The ability of the migratory locust, Locusta migratoria, to aggregate and form large swarms, categorises 

them as one of the most important agricultural pests in various regions across the world. This harmful 

phase in the life cycle of these insects highly relies on olfactory-guided behaviours. Olfactory cues are 

recognised by the odorant receptors of the olfactory sensory neurons (OSNs), gathered in hair-like 

structures, named sensilla, on two sensory appendages, the antennae and the palps of the mouthparts. 

In most insects, the primary olfactory centre, the antennal lobe (AL), is organised in a defined number 

of distinct globular structures, named glomeruli. Glomeruli are the synaptic site of three neuronal 

components: 1) the OSNs, 2) the projection neurons (PNs), the olfactory output of the AL to higher brain 

centres, and 3) the local interneurons (LNs), the circuitry neuromodulators. Stereotypically, a one-to-

one wiring logic occurs here. That means that axonal projections of single OSNs and dendritic 

innervations of single PNs target, predominately, one glomerulus (uniglomerular OSNs/PNs). In 

contrast, locusts, which belong to the sub-order Caelifera of Orthopteran, display a particular 

organisation of AL with more than 1000 fused and singular micro-glomeruli wired by multiglomerular 

OSNs and PNs, making locust an interesting case of the evolutionary study of olfaction systems. In this 

on-going study, we aim to thoroughly characterise the anatomical and cellular architecture of the 

olfactory system in Locusta migratoria. By the use of anterograde staining of sensory neurons, 

immunohistochemistry and light scanning confocal microscopy, a 3D brain atlas of olfaction-related 

neuropiles is under construction. That includes in particular the AL, the lobus glomerulatus (LG) and the 

median crescent (MC). These three neuropiles form glomerular structures and receive sensory inputs 

of either exclusively olfactory or diverse chemosensory neurons. Furthermore, we successfully traced 

olfactory sensory neurons of identified sensilla into the antennal lobe, using single sensillum anterograde 

stainings, in order to shed some light on AL circuitry patterns, with respect to sensillum type and 

topology. Tracing of OSNs, emerging from two olfactory types of antennal sensilla (basiconics and 

trichoids), showed that OSN projections from both types of sensilla arborizes onto a similar number of 

synaptic domains, composed by a few adjacent micro-glomeruli. However, basiconic OSNs display 

denser axon terminal arborisations on these domains compared to trichoid OSNs. In addition, while 

trichoid OSNs appear to have similar morphometric characteristics between them, basiconic OSNs 

express a heterogeneity and can be categorised into different types.         
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Plant volatile organic compounds (VOC) are important info-chemicals that mediate interactions in a 

community, including plants and other organisms such as microbes, herbivores, pollinators and 

parasitoid. Emission patterns of VOC depend on abiotic and biotic stress, such as salinity, soil nutrients, 

herbivore and microbe identity and diversity. Moreover, the identity of neighboring plants may strongly 

influence the volatile profiles; however, this interaction has yet not been explored especially at a 

community level. The aim of this study was to investigate 1) how volatiles profiles at community level 

vary across a plant diversity gradient and, 2) whether plant or volatile diversity of the community 

influences the volatile emission profiles of Plantago lanceolata. To investigate the volatiles profiles at 

community and individual levels, we measured volatiles profiles in experimental biodiversity grassland 

plots at the Jena Experiment (Jena, Germany). The plant diversity gradient ranged from one to 60 plant 

species. In each plot, VOC emission was measured using a closed-push-pull system on individuals of 

P. lanceolata and at community level. Our results showed that communities with a high diversity of plants 

emitted higher quantities of volatiles with a larger number of compounds. Moreover, their volatile profiles 

showed a low biosynthetic volatile diversity, which means that their compounds required a large 

proportion of shared enzymes for their biosynthesis. In contrast, communities with low plant diversity 

emitted low quantities of volatiles and fewer compounds and their volatile profiles showed a high 

biosynthetic volatile diversity (few shared enzymes). At individual level, we found that P. lanceolata 

emission was not influenced by plant diversity but by the diversity of the volatile profiles in their 

surroundings. Individuals surrounded by a low diverse volatile bouquet emitted higher concentrations of 

volatiles compared to plants surrounded by a high diverse volatile bouquet. Furthermore, similar to the 

pattern at community level, the biosynthetic volatile diversity of P. lanceolata decreases with the 

increase of plant diversity. In summary, our results provide a first insight into how community-level plant 

volatiles vary along a gradient of plant diversity and how these variations influence volatile emission 

from focal plants. Changes in individual- and community-level volatile profiles could influence ecosystem 

functioning, as these volatiles mediate interactions, both beneficial and antagonistic, shaping the local 

community network. 
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Plants are confronted with several species of herbivores. This occurs at various tissues and over 

different timepoints. Most often, plant productivity is highly affected due to the trade-off between fitness 

and the production of plant defense. To fend off attacking herbivores, plant produce various classes of 

compounds, which can be costly in terms of energy consumption and resource allocation. To save 

unnecessary costs of defense compound production, plants deploy inducible defenses that are only 

activated upon actual herbivore attack, such as the production of phytohormones and secondary 

metabolites. 

Although plants co-evolved with their respective herbivores and are known to tackle a multitude of 

herbivores in natural ecosystems, information on how plants invest chemical defenses when confronted 

with multiple herbivores is rather limited.  More so, studies on plant-herbivore system rarely highlights 

plant response when attacked simultaneously at different parts. Our research project attempts to look 

into the bigger picture of plant chemical defenses and examine the shifts in the chemical defense 

patterns associated with simultaneous above-belowground herbivory. As a model system we use 

Brassica nigra, the specialist aphid Brevicoryne brassicae and two of its naturally-associated 

belowground herbivores, Meloidogyne incognita and Pratylenchus penetrans. 

Using both targeted- and non- targeted metabolomics we analyzed the chemical defense footprint of B. 

nigra plants that are challenged with either single, dual, or multiple above-belowground herbivores. 

Herewith, we present two predictors that can putatively explain plant defense allocation in the case of 

simultaneous above- belowground herbivory –the herbivore’s identity and the location of herbivory. 
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Triterpenoids exist widely in the plant kingdom and are the most abundant and diverse natural products 

of plants. Many triterpenes have in vitro and in vivo activities with very low toxicity, suggesting that they 

are suitable agents for the prevention and treatment of different diseases, particularly cancer. The 

medical and industrial production value of triterpenes has been gradually highlighted. However, as the 

secondary metabolites of plants, the functions of triterpenes in the growth and development of plants 

and in ecological interactions are still largely unknown. This study utilizes biological, genetic and 

ecological approaches to identify triterpenes in the ecological model plant Nicotiana attenuata and reveal 

their possible ecological functions. 
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Plants in the genus Asclepias produce cardenolides as a defence against herbivory. Cardenolides are 

a diverse group of compounds derived from triterpenoids and have a specific physiological target, the 

transmembrane protein Na+, K+−ATPase (NKA). Cardenolides are toxic because they bind to the 

extracellular surface of the NKA and disable passage of Na+ and K+ across the membrane. This 

disrupts electrochemical gradients causing many physiological systems to become dysregulated. 

Although the NKA is highly conserved among animals, independent evolution of NKA insensitivity to 

cardenolides has occurred in six taxonomic orders of insects and Asclepias are host plants for numerous 

insect species which in turn use cardenolides as their own chemical defence against their predators, 

e.g. milkweed bugs (family Lygeadeae), monarch butterflies (Danaus plexippus), aphids (Aphis nerii), 

and others. In this talk I present results of the isolation and identification of cardenolides from seeds of 

Asclepias curassavica, and the toxicity of individual cardenolides to the specialist herbivore the large 

milkweed bug Oncopeltus fasciatus. I describe the concentration and diversity cardenolides in seeds 

and the comparative inhibitory activity of the major cardenolides to three organisms, a sensitive 

vertebrate (Sus domesticus), a non-adapted insect (Drosophila melanogaster) and the specialist 

herbivore O. fasciatus. My results add to the understanding of how plants respond to specialist 

herbivores and opens the door to understanding how the arms race between plants and herbivores 

results in chemical diversity.  
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Phenylphenalenones (PhPN), are regarded as inducible plant defense metabolites (phytoalexins) in 

Musa spp.1 Musella  lasiocarpa  (Musaceae), a  monotypic  species,  commonly referred to as Golden 

Lotus banana, is endemic to the higher altitude areas (1500-2500 m above sea level) of the Middle to 

the West of the Yunnan Province.2 Dong et al. isolated seven PhPN and two PhPN precursors 

(diarylheptanoids, DAH) from the aerial parts of M. lasiocarpa.3 A closer examination of the mature seed 

extract prompted us to select seeds of this species for biosynthetic studies. We investigated seeds of 

different developmental stages of M. lasiocarpa and found distinct metabolic profiles for each stage. We 

found catechin, afzelechin, and tryptophan as the main metabolites in the early developmental stages 

(white to yellow seeds). Later stages contained DAH and derivatives of hydroxycinnamoyl alcohols 

linked to DAH (brown seeds). Mature black seeds contained only PhPN as extractable metabolites. It 

turned out that the first steps in the DAH biosynthesis pathway resemble that of curcumin biosynthesis, 

which involves two type III polyketide synthases, diketide-CoA synthases (DCS) and curcumin 

synthases (CURS).4 In the seeds of M. lasiocarpa, there is one more step double bond reductase (DBR) 

involved. In the first step, a DCS catalyzed the formation of diketide-CoA intermediates via condensation 

of malonyl-CoA with coumaroyl-CoA. In the second step, a DBR catalyzed two reactions. First, it 

catalyzed the hydrolysis of diketide-CoA; second, it reduced the hydrolysis product to ß-keto acid using 

NADPH as cofactor. In the third step, a CURS catalzyed the formation of dihydrobisdemethoxycurcumin 

from ß-keto acid and a coumaroyl-CoA. Dihydrobisdemethoxycurcumin in M. lasiocarpa undergoes 

further oxidative/reductive transformations leading to a DAH which readily forms PhPN in a spontaneous 

reaction. 

 

 

1. Hölscher,  D., et al. 2014, Proceedings  of  the National Academy of Sciences of the United States of America, 111, 
105-110.  

2. Yang, C. Y., et al. 2009, HortScience, 44, 2041-2042. 
3. Dong, L. B., et al. 2011, Natural products and bioprospecting, 1, 41-47. 
4. Katsuyama, Y., et al. 2009, Journal of Biological Chemistry, 284, 11160-11170. 
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The medicinal plant Catharanthus roseus produces a variety of pharmacologically-active compounds, 

including vinblastine, an anti-cancer bisindole alkaloid. Due to the low yield of the valuable compound 

and its precursors in extractions from the native producer and the complexity of the respective 

biosynthetic pathway, scalable production of vinblastine remains challenging. We used the Nicotiana 

benthamiana transient expression system to explore the heterologous pathway reconstitution approach 

in a novel, modular fashion and establish a platform for improved production of the vinblastine 

precursors catharanthine and tabersonine. Our findings constitute basis for further metabolic 

engineering efforts to increase the yield of the valuable precursors in heterologous expression systems 

and provide insight into the effects of expressing several biosynthetic genes from single binary vectors 

in a transient fashion.  
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The insect suborder Heteroptera represents a highly diverse group of phytophagous, zoophagous and 

hematophagous species, which have exploited a variety of different habitats worldwide. The piercing-

sucking mouthparts allow Heteroptera to inject a complex cocktail of salivary proteins that facilitates the 

extra-oral digestion of various tissues. Predaceous Heteroptera have evolved venomous saliva, which 

additionally aids in prey capture and defense. The African assassin bug Psytalla horrida Stål is capable 

of deploying venoms from different salivary gland parts in a context-dependent manner. Venom from 

the posterior main gland (PMG) is used to overwhelm, kill and predigest prey and possesses digestive, 

cytotoxic, paralytic and antibacterial activity. To identify the proteins that are responsible for the 

observed effects, we fractionated the venom using cation-exchange chromatography and screened the 

fractions for activity. Two protein fractions had considerable effects on insect cell viability, bacterial 

growth and red blood cell integrity. Proteomic analysis revealed that these fractions mainly contained 

gelsolin, S1 proteases, uncharacterized proteins from venom protein family 2 and pore-forming proteins 

(redulysins). Several putative lytic peptides from redulysins were synthesized and six of them exhibited 

potent inhibitory activity against E. coli, but only minor toxicity against insect cells and erythrocytes. We 

therefore hypothesize that redulysins in the PMG venom primarily have a defensive role, preventing the 

intake of potential pathogens by the bug. To identify the insecticidal and hemolytic PMG components, 

we will heterologously express several candidate proteins from the active fractions and perform activity 

assays. The results of this study contribute to a better understanding of the ecology of predatory 

Heteroptera and provide new insights into venom functions and novel compounds. 

 
  

mailto:mfischer@ice.mpg.de


29 
 

Talk 19 
 

How did the preemptive counter-defense become superior?  A modeling 
study on plant-herbivore interactions 

 
Suman Chakraborty1, Jonathan Gershenzon2, Stefan Schuster1 

 
1Department of Bioinformatics, Matthias Schleiden Institute, Friedrich Schiller University, Jena, 

Germany  
2Department of Biochemistry, Max Planck Institute for Chemical Ecology, Jena, Germany 

schakraborty@ice.mpg.de 
 

 

Various herbivorous insects prefer the toxic plants of the Brassicaceae family as their hosts. 

Glucosinolates (GLSs) are the defense compounds of Brassicaceae, which are hydrolyzed by 

myrosinases at the onset of herbivory and produce toxic isothiocyanates (ITCs). The feeder insect 

herbivores have evolved specific adaptations against plant toxins. These adaptations are called counter-

defenses.  

Insect herbivores of Brassicaceae are categorized into two different types according to their counter-

defense techniques. The first category includes the specialist feeders with preemptive counter-defense. 

Specialist feeders prevent the GLSs from being hydrolyzed to ITCs. On the other hand, there are the 

generalist feeders with responsive counter-defense, where the ITCs have been formed, but counter-

defended as soon as detected. Experimental results suggest that the preemptive counter-defense is 

more efficient. This can be explained by the comparatively low free ITCs content in the gut of specialist 

larvae. Now, the question is how do preemptive counter-defense always leads to encounter less free 

ITCs than responsive counter-defense?  To answer that, the dynamics of both counter-defenses are 

needed to be explored. Hence, by using a deterministic modeling approach, we analyze the progression 

of free ITCs concentrations with respect to the two counter-defenses, and quantify the adverse effect of 

ITCs.  
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Mutualistic relationships such as ectomycorrhization begin with exchanges of signals, which is 

accompanied with perceptions that trigger corresponding downstream relays, resulting in reprogrammed 

metabolic responses. Picea abies and Tricholoma vaccinum display some degree of specificity in their 

ectomycorrhizal partnership. We sort to unravel what early communication between both organisms is 

about. We identified that sesquiterpenes such as protoilludene, Beta-barbatene and an unidentified 

oxygenated sesquiterpene form the major volatiles of T. vaccinum under both axenic and co-cultivation 

with P. abies seedlings. We deployed terpene specific inhibitors, deployed cultivation conditions that 

favoured the reduction of terpenes in the head space of T. vaccinum, we then deployed comparative 

metabolomics to unravel some underlining metabolic responses of P. abies to terpenes of T. vaccinum. 

We identified metabolites that span across major classes of secondary metabolites including Flavonoids. 

Phytohormone analysis shows that abscisic acid and salicylic acids are increased when terpenes are 

available in the head space. Our findings suggest that oxidative stress and defense responses may be 

enhanced in P. abies by terpenes from the ectomycorrhizal partner T. vaccinum. 
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Where to lay the eggs is a crucial decision for females as it influences the success of their offspring. 

Female flies prefer to lay eggs on food already occupied and consumed by larvae, which facilitates 

social feeding, but could lead to interactions between larvae species that affect development and 

survival. Whether females can modulate their attraction to cues associated with different species is 

unknown. We tested whether Drosophila flies would be attracted to larvae treated food or food with eggs 

from different Drosophila species. We also obtained the chemical profiles of eggs, larvae and adults 

from 16 Drosophila species. Females from Drosophila melanogaster and Drosophila mojavensis prefer 

to lay eggs where they detect larvae cues, irrespective of the larvae species, but when D. melanogaster 

detect eggs of different species the choice varies. The chemical profiles of larvae show high similarity 

between species, but profiles from eggs and adult females appear to be species specific. This could 

mean that adult females can’t distinguish the larvae species present in the food, but they make 

oviposition decisions using cues from the egg species present.  
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The Eurasian spruce bark beetle (Ips typographus L., Coleoptera: Curculionidae: Scolytinae) is the most 

destructive forest pest in Europe. Rising temperatures have shortened the beetle’s life cycle, as well as 

increased the stress on the host tree, the Norway spruce (Picea abies L., Pinaceae). These conditions 

have favored the occurrence of mass outbreaks, where the beetle populations transition from attacking 

weak or fallen trees to infesting and killing healthy ones. Ips typographus partners with several 

ophiostomatoid fungi that help them deplete the tree’s chemical defenses. While these fungal symbionts 

have been previously studied, the role of other microbial partners in the beetles’ success is still to be 

uncovered.  

In this study, we compared the microbiome of wild-collected and lab-reared Ips typographus. We 

characterized the bacterial and fungal taxa using amplicon sequencing of the 16S and Internal 

Transcribed Spacer (ITS) ribosomal RNA genes. These data were used to study the composition, 

structure and diversity of the microbial communities associated with spruce bark beetles. This 

information will serve as a starting point to answer more complex research questions, such as how these 

microbes are acquired and transmitted from one generation of insects to the next and how they 

functionally contribute to their host’s nutrition, defense against pathogens and detoxification of the tree 

defense metabolites. 
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The desert ant Cataglyphis fortis inhabits a bare and desiccated environment and has long been studied 

for its exceptional navigation skills. These ants use a combination of a sun compass and path integration 

to forage from and to their nest. Unlike most other ants, C. fortis are individual foragers, with each forager 

venturing out alone to search for food. Along their ways ants are known to learn visual as well as 

olfactory landmarks. Therefore, although not bound to any pheromone trails, ants potentially would profit 

from stable routes to make use of learned cues along those routes. For this reason, we test for 

idiosyncrasy in foraging ants, i.e. explore whether individual ants use stable routes and whether variation 

of these routes is higher between foragers than within foragers.  

We first explored the idiosyncrasy of foraging runs and next tested the ants’ capacity to learn complex 

paths. We found that C. fortis ants exhibit high route fidelity and successfully learn a new navigational 

task in a complex maze. In the future, we will investigate the role of olfactory and visual cues on their 

navigational choices and how the different sensory modalities effect learning efficiency and route fidelity.  
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Lagriinae beetles (Coleoptera: Tenebrionidae) are associated with symbiotic Burkholderia bacteria 

which produce antifungal and antibacterial compounds such as lagriamide, lagriene, gladiofungin, 

sinapigladioside and icosalide providing a chemical defence against antagonists. Individual beetles are 

usually infected with multiple strains of B. gladioli, in Lagria villosa strain B (Lv-StB) is the dominant 

strain in the field. During lab rearing, the so far uncultured Lv-StB is lost after a few generations and is 

inaccessible for experiments. To solve this problem, a microfluidics approach was used trying to cultivate 

or at least stabilise Lv-StB in liquid medium.  

In lab populations strain A (Lv-StA) persists, this strain is also common in nature and cultivable in the 

lab. To elucidate the impact of the different secondary metabolites produced by LvStA on the defensive 

symbiosis in vitro tests with single knockout mutants against fungi were performed.  
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To combat the increased risk of disease outbreak that is associated with group-living, social insects 

have evolved a wide range of collective behavioural defences (e.g. sanitary care, colony organisation) 

that complement  individual  physiological immune defences. While collective behavioural defences are 

typically studied at the group-level and physiological immune defences at the individual level, whether 

the distribution of immune defences across individuals can confer group-level protection has received 

little attention. Here, we ask whether ant colonies display a form of  “immune division of labour”, by 

testing if individual immune activity is adjusted to the infection risk associated with different behavioural 

roles and social network positions, and whether the distribution of immune activity among colony 

members can slow disease spread. We test this hypothesis in the clonal raider ant, whose unique 

biology enables us to quantify differences in immune investment and behaviour among workers of 

identical age and genotype. We quantify the relationship between individual task performance and 

network position (measured through automated tracking) and individual immune activity (measured 

through transcriptomics, immune assays, and pathogen exposure). We also assess the epidemiological 

effects of the distribution of immune activity by simulating disease transmission in empirical social 

networks onto which immune activity has been mapped. The study sheds light on the fundamental 

relationship between immunity and behaviour and provides new insights into the epidemiological effects 

of heterogeneity in social groups.  
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Sawtoothed grain beetles (Oryzaephilus surinamensis, Silvanidae) harbor intracellular 

Shikimatogenerans silvanidophilus bacteria that supply their insect host with tyrosine precursors, vital 

for the synthesis and melanization of the host’s cuticle. Due to the intimacy of intracellular symbioses, 

S. silvanidophilus remains unculturable which prevents studies involving genetic manipulation of the 

bacterium that might help to understand how different symbiont genotypes can affect host fitness. The 

ability to retain symbiont-free (aposymbiotic) O. surinamensis, however, opens opportunities for 

experimental manipulation: Replacing native S. silvanidophilus symbionts with a genetically tractable 

bacterium could allow for the genetic engineering of this symbiosis. To assess how novel symbionts 

could be successfully introduced, we investigated the transmission route of S. silvanidophilus from 

mother to offspring. Fluorescence-in-situ-hybridization revealed that symbionts are exocytosed from the 

beetle bacteriocytes, and infect the developing egg after a passage through the hemolymph. This 

suggests that injection of bacteria into the hemolymph could be a way to incorporate genetically tractable 

bacteria into the egg and establish them in the next beetle generation. We also screened three other 

silvanid beetle species for symbionts via 16S microbiota profiling, to identify present bacterial taxa. We 

present a first overview on bacterial ASVs associated with silvanid beetles, which we will later try to 

cultivate and analyze for their metabolic potential. Symbionts of beetles closely related to O. 

surinamensis might be good candidates for replacing S. silvanidophilus. Our results represent the 

foundation of future efforts to establish a genetically tractable model symbiosis system that will allow for 

studying host-symbiont interactions in a nascent mutualism. 
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Ant-plants and their associated ants are classic examples of a defensive mutualism. The so-called 

myrmecophytes provide ants with pre-formed nesting sites and/or food whereas the ants protect their 

hosts against insect and vertebrate herbivores. The importance of ants as biotic defenders and the 

rewards the ants receive in exchange have been subject of many ecological studies. However, 

knowledge about possible metabolic adaptions of myrmecophytes to their partners as well as the plant’s 

general response to herbivory is still scarce. In this field study, we elucidate constitutive and inducible 

defense mechanisms of the Amazonian ant-plant Tococa quadrialata via targeted and untargeted 

metabolomics. Furthermore, by comparing ant-deprived with ant-colonized plants we were able to 

identify additional effects that the presence of ants may have on the metabolism of Tococa plants and 

hence, their performance. Taken together, our results provide novel insights into this defensive 

mutualism and reveal how myrmecophytes benefit from their symbionts.  
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Mutualistic interactions have been commonly described as providing defensive and nutritional benefits 

for the host, but symbioses enabling insects to adapt to challenging abiotic conditions have rarely been 

documented, although they can be crucial particularly to ectotherms by enabling survival in 

heterogeneous environments. Increased host survival from heat shock by symbiont metabolism have 

been described but clear cases in which symbionts adaptively extend the viable temperature range of 

insects, in particular by providing tolerance to lower temperatures, remain lacking.  

 

The microbiota of fruit flies (Drosophila melanogaster) has been implicated in a multitude of effects on 

their host, including development, nutrition and metabolism, defense, immunity, and gene coexpression 

networks. More particularly, fly associated microbes reduce lipid and carbohydrate accumulation and 

storage, provide essential sterol precursors and long chain unsaturated fatty acids.  

 

Using conventional and axenic flies, we showed that microbes are modifying Drosophila melanogaster 

survival from cold shock and rescuing larval growth at low temperatures. Combining manipulative 

experiments, generating gnotobiotic flies, with performance assays and chemical analyses as well as 

high- throughput microbiota profiling, we aim to identify microbial candidates involved in thermal 

tolerance and understand the mechanistic basis of microbe-mediated expansion of the viable 

temperature range. 

 

In Drosophila melanogaster, cold tolerance is mainly achieved by maintaining cell membrane fluidity, 

which ensures homeostasis, cell integrity and functioning. Since, adjusting lipid, sterol and protein cell 

membrane composition is key to cold tolerance for fruit flies and was shown to depend on nutrient intake, 

we hypothesize that transient microbial mutualists acquired from food permit low-temperature 

acclimation. 
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In Brassicaceae, the clade of FLOWERING LOCUS C (FLC)-like genes is comprised of FLC itself and 

the MADS AFFECTING FLOWERING (MAF)-like genes. These genes have been shown to be involved 

in the regulation of flowering, growth habit and thermosensory response. The genus Aethionema 

occupies a unique phylogenetic position at the base of the Brassicaceae. Aethionema arabicum 

additionally is of special scientific interest because of its fruit and seed dimorphism.  Two FLC-like 

genes, AearFLC and AearMAFa have been identified in Ae. arabicum so far.  It has been speculated 

that AearFLC is involved in the determination of glycosinolate content. We hypothesize that AearFLC 

has not only a role in plant defense, but is also involved in the determination of fruit dimorphism. MAF-

like genes occur as a cluster of tandemly duplicated genes in the Brassicaceae members.  The number 

of MAF-like genes remains enigmatic in Ae. arabicum as the published genomic sequence comprises a 

gap at the MAF locus. Here we present our approaches and preliminary results to unravel the number 

and function of FLC-like genes in Ae. arabicum. We are amplifying MAF-like genes from genomic and 

cDNA to elucidate the number of these genes. Furthermore, we are generating loss-of-function mutants 

of AearFLC employing CRISPR-Cas9 as well as overexpressing lines using a constitutive promoter. We 

present our further plans to analyze the mutants for different traits like amount of fruit and seed 

production, fruit dimorphism and glucosinolate content. 
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As skin and exoskeleton, the cuticle is one of the primary lines of protection against environmental 

stressors for insects. Indeed, some beetles have evolved intimate mutualistic associations with bacterial 

microbes that supply them with precursors for tyrosine, which is a semi-essential amino acid required in 

high amounts for the formation of the beetles’ strongly sclerotized and tanned cuticle. However, the 

ecological relevance of these associations has not been extensively studied, particularly in the context 

of the dry conditions that some of these beetles inhabit. This study thus aimed to unravel how cuticle-

enhancing symbionts of the rice pest weevil, Sitophilus oryzae contribute to desiccation resistance. To 

this end, we reared symbiotic and symbiont-free (aposymbiotic) beetles in conditions of optimal (60 % 

RH) and low humidity (47 % RH) for three months. We show that symbiont presence had a significant 

impact on population growth and survival under dry conditions. While symbiotic beetles were able to 

increase their population size by more than 10 fold under low humidity conditions, aposymbiotic beetles 

failed to double their population size in the same conditions. We then exposed symbiotic and 

aposymbiotic beetles to extreme desiccation stress (<10 % RH) over a period of 7 days. We measured 

survival, desiccation resistance (water loss over time) and extracted cuticular hydrocarbons (CHCs) of 

beetles after exposure to different humidity regimes to characterize their CHC profiles using GC-MS. 

The results obtained from this study will shed light into the ecological implications of cuticle enhancing 

symbioses, which have now been identified in several beetle families.  

 

Keywords: Cuticle, Mutualism, Sitophilus oryzae, tyrosine, desiccation resistance  
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The importance of insect pigments and the functional role associated with them has long been an 

interesting topic of research.  These pigments provide diverse ecological and physiological benefits such 

as body coloration, camouflage, mimicry, warning coloration, mate selection, etc., and also can perform 

various biological functions. In insects, coloration is mainly due to the presence of various pigment 

molecules in the cuticle or underlying epidermis or due to the presence of physical structures, but in 

some, the fat body and haemolymph also provide color if the cuticle is transparent. Colors due to 

chemical pigments are called chemochromes. Many insects are reported to contain more than one type 

of chemochromes. This offers brilliant colors and their variants to the insect which are widespread 

among the taxa. 

The green-brown polymorphism in grasshoppers is one of the most persistent polymorphisms 

in any group of insects. This dimorphism specifically occurs in 30% of all European orthopterans and 

45% of East African acridid grasshoppers. This poses the question of which pigments in grasshoppers 

are responsible for body coloration. From previous studies, it is reported that in Orthoptera, bile pigments 

such as biliverdin are supposed to be responsible for green body coloration. Here, we present a study 

of the identification of color pigments in long-horned and short-horned grasshoppers using the liquid 

chromatography-mass spectrometry (LC-MS) technique. In this study, we considered multiple species 

across the order Orthoptera. For long-horned grasshopper, Ruspolia nitidula, and Mecopoda elongata 

(suborder: Ensifera) and for short-horned grasshopper, Acrida ungarica, Mecostethus parapleurus, 

Gomphocerus sibiricus, Chorthippus dorsatus (suborder: Caelifera). 
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Insects can harbor symbionts that contribute to their nutritional supplementation and provide adaptative 

advantages in hostile environments with low nutrient content. Dinoderus porcellus (Family: Bostrichidae) 

is a grain-pest beetle harbors two phylogenetically close related bacteria in different organs. The 

symbionts, distinguished by small and eroded genome characteristic of long-lasting association, can 

produce precursors of aromatic amino acids that are important for the cuticle biosynthesis and/or recycle 

nitrogen from their waste products to be further used by the host to synthesize other compounds.The 

Flavobacterium Candidatus Shikimatogenerans encodes the Shikimate pathway, and the second, yet 

unnamed symbiont has genes involved in nitrogen recycling. In this study, we are investigating the 

contributions of both endosymbionts and their metabolites to the host physiology and fitness. To do this, 

we manipulate the beetle's diets and then measure the symbiont's titers, analyze cuticle phenotype, and 

record changes in development time and number of offspring. We also aim to investigate the metabolic 

integration of compounds produced by both symbionts once the nitrogen recycled can be incorporated 

in the side chain of amino acids and later be used to the cuticle synthesis. Therefore, we will perform 

feeding experiments using 15N-labelling urea, and we will measure the enriching of free 15N-amino acids 

in the hemolymph as well as 15N-labeled compounds in the host cuticle. We expect our results to 

contribute to the knowledge of nutritional symbiosis in a system with dual, phylogenetically related 

symbionts.  
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Communication is a key player for successful interaction with the (a)biotic environment. Also, the 

existence of plant-plant communication is well accepted. Plants are able to recognize and respond to 

signals released from stressed neighbors about upcoming or existing threats. One of the most 

widespread mechanisms is the communication via volatile compounds, which occurs mainly 

aboveground. In contrast, belowground communication might be mediated by non-volatile compounds 

or employing the help of mutualistic fungi (e.g. mycorrhizae). In general, fungal symbiosis provides 

minerals and water to the plants but also allows the transport of nutrients or active molecules between 

plants. Moreover, fungi can prime plants during colonization making them more resilient to stress. 

However, there is not much knowledge about early signaling events in plant-fungus-plant 

communication. We hypothesize that cytosolic Ca2+ ([Ca2+]cyt) level changes might play a role as a 

secondary messenger to mediate signals from plant to plant via fungal hyphae bridge.  

In our experiments, we aim to establish a method for [Ca2+]cyt response analysis in Arabidopsis thaliana 

plants expressing the Ca2+-reporter GCaMP3 and connected by a Serendipita indica (formerly 

Piriformospora indica) mycelium bridge. 

From our current results, it is clear that there is a difference in intensity and rate of [Ca2+]cyt response in 

neighboring, non-wounded plants depending on the presence or absence of fungal connection. 
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Beewolf wasps dig burrows in sandy soil to lay their eggs. These wasps use different means of protection 

to avoid pathogenic and opportunistic infections of their offspring by natural enemies. Beewolf eggs 

produce high amounts of nitric oxide (NO) to fumigate the subterranean brood cell and reduce the growth 

of pathogenic microbes 1. Additionally, protective antibiotic-producing Streptomyces symbionts are 

vertically transmitted from mother to offspring by antennal gland secretions (AGS) containing 

hydrocarbons that are applied to the brood cell ceiling prior to oviposition 2. Beewolf larvae acquire the 

symbionts days later with their mouthparts during the spinning process and  incorporate them into the 

cocoon 2, where the symbionts produce a cocktail of antibiotics that inhibit the growth of opportunistic 

and pathogenic fungi 3. Here, we address two questions on the protective beewolf-Streptomyces 

symbiosis: (i) What is the efficacy of the main components of the antibiotic cocktail and their synergistic 

or antagonistic effects against host enemies and symbiont competitors? (ii) How are the symbiont cells 

in the AGS protected from the high concentration of NO in the brood cell? To address the first question, 

we are testing the bioactivity of the cocktail as well as its main components against a range of potential 

host antagonists (filamentous fungi, Gram-positive and Gram-negative bacterial strains) and symbiont 

competitors (closely related Actinobacteria) in vitro. To assess the role of hydrocarbons acting as a 

barrier against NO diffusion and thus protecting the symbiont from the high toxic NO concentrations we 

conducted a combination of in vivo ad in vitro experiments using a strong oxidizing indicator solution 

and measuring its change in coloration when exposed to NO. First, we found that the presence of the 

AGS on filter paper impregnated with the indicator solution prevented its color change upon NO release 

by the egg. Second, we extracted beewolf cuticular hydrocarbons from females and applied them as a 

layer on top of the indicator solution contained in microcentrifuge tubes and incubated them in freshly 

made brood cells. Spectrophotometric analysis of the solution after exposure to the NO inside the brood 

cell compared to controls show inhibition of oxidation, supporting the conclusion that the beewolf’s 

hydrocarbons in the AGS protect the symbionts from the toxic effects of NO. These findings add to the 

understanding of a complex defensive symbiosis system showing reciprocal adaptations of host and 

symbiont that contribute to the stability and functionality of the association. 
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Plant –Microbial interaction is a complex web of interactions. Plants in their natural environment face 

drought, salinity, temperature, and other biotic stresses. When the plant perceives stress, it sends 

signals within the plant and equips itself to fight the stress. In this scenario, azealic acid (AzA), a C9 

distress signal molecule (“HOOC (CH₂)₇ COOH”), plays a prominent role in plant- microbe 

communication. The oxylipin AzA is synthesized in plastid membranes and triggers immunity through 

an AZI1/EARLI1/MPK3/6-dependent pathway and systemic signal propagation within the plant; but the 

traverse of AzA in the plant system remains a mystery. Here in this study, I investigate the role of AzA 

and its receptor AZI in the signal propagation from roots to leaves and with it coupled to sugar availability. 

Further experiments in this direction may help unravel the grey areas of plant microbe interaction. 
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Microbial colonization of the apoplast - the interior - of leaves is critical for plant health, but the factors 

how plant hosts shape these microbial communities remain largely unknown. A well-studied class of 

defense metabolites in Arabidopsis thaliana (At) are glucosinolates (GLs) whose breakdown products, 

e.g. isothiocyanates (ITCs), can have antimicrobial properties and inhibit leaf pathogens in addition to 

their well-studied importance in herbivore defense. However, GLs profiles vary across At genotypes. At 

NG2, a local population from Jena, and the widely used At Col-0 harbor distinct microbial leaf 

communities and produce mainly allyl-GL and 4MSOB-GL, respectively, making them interesting targets 

to understand genotype-dependent leaf colonization. Thus, we hypothesize that different GLs profiles 

in At have different effects on microbial leaf colonization and thus influence the assembly and activity of 

microbial communities in the apoplast.  

Mutant line myb28/29 in Col-0 background and our generated myb28 in NG2 background do not produce 

aliphatic GLs. We inoculated all plants with very low levels of individual bacterial strains and evaluated 

them for disease and growth phenotypes, colonization frequency and bacterial loads. Additionally, we 

tested toxicity of the main ITCs and checked for known ITC resistance genes in whole-genome-

sequencing data of some strains. In ongoing experiments, we are evaluating how aliphatic GLs influence 

leaf microbiome assembly. 

We observed that commensals like Plantibacter sp. 2H11-2 colonized less frequently on Col-0 compared 

to NG2 plants, and we linked colonization frequency to aliphatic GLs in Col-0 since most strains tended 

to colonize myb28/29 plants more often. Most strains were slightly more virulent on myb28/29 compared 

to Col-0, but independently of bacterial load. We connected reduced colonization to toxicity of 4MSOB-

ITC for Plantibacter sp. 2H11-2. Plant pathogens like Pseudomonas syringae 3D9 colonized genotype-

and GL-independent. We annotated ITC resistance genes and observed degradation of 4MSOB-ITC in-

vitro which might contribute to their GL-independent leaf colonization. In contrast, in NG2 aliphatic GLs 

had no effects on colonization frequency and disease phenotypes. Similar to Col-0, they did not 

influence bacterial loads but appear to suppress other activities like growth promotion, e.g. Plantibacter 

sp. 2H11-2 increased leaf fresh weights significantly more in NG2myb28 than NG2.  

Our results support the hypothesis that At defense metabolites play distinct roles in bacterial leaf 

colonization. While aliphatic GLs in both genotypes might affect bacterial activity, they have different 

effects on colonization frequency and help to explain differences in plant-microbe interaction phenotypes 

between Col-0 and NG2. 
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Trichoderma spp. are beneficial endophytic plant symbionts that are widely used as biocontrol agents 

for plant diseases. Some studies have reported the ability of Trichoderma spp. to induce plant tolerance 

against environmental stresses such as salinity. However, specific knowledge of molecular mechanism 

that underlies this is still lacking. High salinity increases the level of abscisic acid (ABA) which is followed 

by changes in gene expression and hence in physiological processes. The objective of this study is to 

determine how novel endophytic strain of Trichoderma influences the ABA levels under salt stress. 

RAB18-GFP, a reporter line will be used to evaluate the expression levels of ABA under salt stress, with 

and without Trichoderma. Furthermore, proline levels, chlorophyll content and efficiency of photosystem 

II will be assessed in Arabidopsis seedlings grown under saline conditions inoculated with or without 

Trichoderma. To determine the biochemical and metabolic events that occur during Arabidopsis and 

Trichoderma interaction under saline or normal conditions, the amounts of metabolites related to salt 

stress will be quantified. Taken together, our results will unravel the beneficial role of Trichoderma spp. 

in improving the antioxidant and osmo-protective status of plants under salt stress.  
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Insects detect volatile chemosignals with olfactory sensory neurons (OSNs) that express olfactory 

receptors. Among them, the most sensitive receptors are the odorant receptors (ORs), which form cation 

channels passing also Ca2+. OSNs expressing different groups of ORs show varying optimal odor 

concentration ranges according to environmental needs. Certain types of OSNs, usually attuned to high 

odor concentrations, allow for detection of even low signals through the process of sensitization. By 

increasing the sensitivity of OSNs upon repetitive subthreshold odor stimulation Drosophila 

melanogaster can detect even faint and turbulent odor traces during flight. While influx of extracellular 

Ca2+ has been previously shown to be a cue for sensitization our study investigates the importance of 

intracellular Ca2+ management. Using an open antenna preparation that allows observation and 

pharmacological manipulation of OSNs we performed Ca2+ imaging to determine the role of Ca2+ storage 

in mitochondria. By disturbing the mitochondrial resting potential and induction of the mitochondrial 

permeability transition pore (mPTP), we show that effective storage of Ca2+ in the mitochondria is vital 

for sensitization to occur and release of Ca2+ from the mitochondria to the cytoplasm promptly abolishes 

sensitization. Our study shows the importance of cellular Ca2+ management for sensitization in an effort 

to better understand the underlying mechanics of OSN modulation. 
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In the interaction between milkweeds (Asclepias spp.) and their community of specialised insect 

herbivores cardenolides and their glycosides, a diverse group of compounds derived from triterpenoids, 

have an exclusively defensive function and a specific physiological target, the transmembrane protein 

Na+/ K+−ATPase (NKA). NKA insensitivity to cardenolides has occurred in six taxonomic orders of 

insects specialized to feed on cardenolide-containing plants, including the seed predator Oncopeltus 

fasciatus which has the highest tolerance to cardenolides in those species tested. The NKA insensitivity 

of Oncopeltus allows it to exploit the seeds of various species of Asclepias which raises the question 

whether defence evolution in different species of Asclepias has resulted in the production of same 

specific cardenolide compounds and whether these are particularly high potency against Oncopeltus’ 

resistant NKA. In my PhD project I will to make a comparative analysis of the cardenolides in seeds of 

A.  

syriaca and A. tuberosa, two species that endemic and wildly distributed in Northern America, but have 

now migrated to Europe where they are considered invasive. I will compared the diversity and 

abundance of different cardenolides, and test their toxicity to Oncopeltus by measuring the inhibitory 

effect on the Sodium-Potassium Pump. I will compliment this with analysing a comparable European 

system - the cardenolide containing plant Vincetoxicum hirundinaria and the specialized insect Lygaeus 

equestris. To understand their interaction I will investigate the cardenolides and alkaloids of 

Vincetoxicum hirundinaria and which compounds Lygaeus equestris sequesters and why. 
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Chemical signals are important for feeding behaviors in insects, especially for nocturnal animals like 

moths.  Recently, our lab could show that hawkmoths fail to feed on floral nectar when their sense of 

smell was impaired by mutagenesis of the main family of chemosensory receptors, so-called odorant 

receptors (ORs). However, there are also Lepidopteran species closely related to hawkmoths that have 

reduced mouthparts and do not feed as adults. In our study, we ask if this essential difference in the 

moths’ life history has an impact on their olfactory system. We aim to answer this question at three 

different levels by investigating feeding (n=7) and non-feeding (n=7) species belonging to the same 

taxonomic group (Bombycoidea). First, we compare the ORs expressed at the moths’ antenna and 

proboscis using Illumina-based transcriptome sequencing. We hypothesize that feeding species might 

have an increased number of ORs based on e.g. gene duplication events. Second, we study the 

anatomy of the antennal lobe, the first processing center of olfactory information, to test if feeding 

species might have more or differently organized functional subunits than their non-feeding relatives. 

Last, we will use in vivo calcium imaging of the antennal lobe to reveal potential differences between 

feeding and non-feeding moth species regarding neuronal coding of typical floral volatiles. With this 

molecular, anatomical and physiological comparison, we hope to identify olfactory pathways essential 

for the detection of floral food sources.  
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Plant alkaloids are specialized metabolites, which are diverse in structure and bioactivities. Besides 

performing many ecological roles, alkaloids have also been widely used for medicinal purposes to treat 

cancer, dementia and many other diseases. The biosynthesis of plant-derived alkaloids involves 

complex chemistry and complicated metabolic pathways. Since metabolic intermediates and final 

product could become “hijacked” by other enzymes, they must be synthesized, translocated between 

different cellular regions and stored in a greatly organized manner in different cell types of plant tissues. 

In this study, by combining single-cell mass spectrometry and single-cell RNA sequencing, we aim to 

track and correlate metabolites and transcripts in biosynthetically relevant tissues. In other words, by 

applying state-of-the-art single cell techniques, our goal is to identify in which cell types that biosynthetic 

reactions of different alkaloids take place and then to map the transport of the biosynthetic intermediates 

and final products. Ultimately, this study will allow us to develop models for the role of localization in 

monitoring the metabolism of plant alkaloids. 
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The olfactory, gustatory and visual senses help insects to identify potential sites for foraging, mating, 

and oviposition. All these activities can potentially be altered by learning. The different signals (visual,  

gustatory, and olfactory) received for the flies are processed mainly in the mushroom body(MB) and the 

lateral horn(LH), which are also involved in decision-making and learning. There are extensive literature 

on the fly’s olfactory sense, the behavioral response to different odors, and the learning process where 

classical conditioning experiments are employed to understand the impacts of attractive and aversive 

stimuli in insects’ behavior. While a lot is known about foraging behavior, it is unknown whether the 

oviposition preference of flies can be altered after learning. What factors could affect the learning 

process during oviposition? We hypothesize that Drosophila melanogaster prefers substrates that they 

have already oviposited on. In preliminary experiments, we used different fruit substrates to check for 

oviposition preference of naïve and experienced flies. We could already show that flies indeed change 

their oviposition preference upon learning. Therefore, during this project, we will investigate how 

Drosophila’s oviposition preference is affected by experience and which chemical 

cues detected by the fly might be involved in this process.   
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To cope with their sessile nature, plants synthesize an arsenal of secondary metabolites that play a role 

as defensive compounds against a multitude of biotic and abiotic threats. Among those there are 

benzoxazinoids, a class of indole derived secondary metabolites with antimicrobial and antifeedant 

properties against a wide range of plant pests. 

Opposite to many specialized secondary metabolites that tend to be lineage-specific, benzoxazinoids 

sporadically occur in unrelated oplant rders: Poales, Ranuncolales, Lamiales and Gentianales.  

Decades of research in the Poales have proven the monophyletic origin of the pathway in 

monocotiledons but their biosynthesis remained unknown in eudicotiledons. 

Taking advantage of integrated metabolomic and transcriptomic data we have been able to resolve the 

biosynthetic pathway in Lamium galeobdolon and to almost complete that in Aphelandra squarrosa  

By identifying five P450s, two flavin-containing monooxygenases and an O-methyl transferase, we have 

been able to independently reconstitute the pathway in Nicothiana benthamiana for both L.galeobdolon 

and A.squarrosa.  

By placing the identified biosynthetic genes in a phylogenetic contest we can speculate/notice that the 

benzoxazinoid pathway evolved independently between monocots and eudicots but also between 

different eudicot species by even recruiting different class of enzymes.  

By keeping exploring benzoxazinoids biosynthesis in other eudicot orders we aim at understanding the 

molecular evolution of this pathway through the lens of comparative biochemistry. 
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Polyphenism, the ability to exist in two morphologically, anatomically and behaviorally distinct phases 

by one single species is a fascinating aspect of Migratory locusts. Migratory locusts or Locusta 

migratoria exist in a solitary phase wherein they prefer to avoid conspecifics. They also form large 

swarms causing extreme agricultural loses and threatens food security all over the tropics. Multiple 

factors lie humidity, vegetation, and climate contribute to the shift of these innocent animals to shift 

suddenly to a notorious phase. Internally, it is said to be a interplay of vision, olfaction, touch and auditory 

senses. In this poster, we will look at whether they are innately attracted to the odors from conspecifics, 

and what are the possible odors that might be attracting them to each other. 
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