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«Proper» third-party punishment in fish 

Aellen M. *1, Raihani N. 2 and Bshary R. 1 
1 University of Neuchâtel, Switzerland 

2 University College London, United Kingdom 

Punishment as a means to stabilise cooperation has rarely been observed in nature, and 
punishment by an otherwise uninvolved observer has been argued to be uniquely human and 
key to succeed in between-group competition. A simple form of third-party punishment has 
been described in the bluestreak cleaner wrasse (Labroides dimidiatus): larger males may chase 
their female partner for cheating a jointly inspected client reef fish (where cheating involves 
eating mucus instead of ectoparasites). In this case, clients, rather than males are the primary 
victims of the female cheating although males suffer immediate loss of foraging opportunities 
due to the client leaving.  Here, we provide evidence from two experiments that males also 
punish a female they observed cheating a client that she inspected alone, qualifying as proper 
third-party punishment by an uninvolved observer.      



	

The role of oxidative stress on the senescence of Aedes aegypti 

Belli Alessandro* 

Laboratoire d'écologie et d'épidémiologie parasitaires (Prof Koella Jacob) 

Senescence is unavoidable process in which the biological functions of an organisms decrease 
with time, leading to an increased probability of death. Among the multiple hypothesis that have 
been proposed, the free radical theory of ageing states that the senescence of a living being is 
caused by the reactive oxygen species (ROS). ROS are highly reactive molecules damaging the 
cells and are produced as by-products of the metabolisms. The damages cumulate over time 
and lead to the loss of cellular functions and eventually to cell’s death. However, ROS are also 
used by the immune system to fight against infections and parasite may be considered as an 
external cause of ROS. In fact, a parasite infection lead to cascade of events: (i) the host increases 
its metabolism, (ii) it enhances the immune response and (iii) increases the production of ROS. 
With this project I aim to understand the role of ROS in the senescence of the yellow fever 
mosquito Ae. Aegypti and how a parasite, the microsporidia Vavraia culicis, influences the 
interaction between ageing process and immune system. To answer these questions, I will use 
an experimental evolutionary approach in which infected and uninfected lines of mosquitoes will 
be selected to have low or high rate of senescence and I will measure ROS in these evolved lines. 
I expect that after several generations of selection, slow ageing mosquitoes will evolve to slower 
accumulation of ROS damages and towards resistance to parasites. to avoid the progressive 
accumulation of additional damages with time.  

 

 

 
 
 
 
 
 

 

 



	

Exploring the diversity of hyalospheniids testate amoebae (Amoebozoa) from 

regional to sub-continental scales 

Quentin Blandeniera,b*, Clément Duckerta, David Singera,g, Anush Kosakyanc, Edward A.D. 
Mitchella,d, Milcho Todorove, Leonardo D. Fernándezf, Daniel J.G. Lahrg, Enrique Laraa,b 

a Laboratory of Soil Biodiversity, University of Neuchâtel, Rue Emile-Argand 11, Neuchâtel 2000, Switzerland 
b Real Jardín Botánico, CSIC, Plaza de Murillo 2, 28014 Madrid 

c Institute of Parasitology, Biology Centre, Czech Academy of Sciences, Branisovska 31, 37005 Ceske Budejovice, Czech Republic 
d Jardin Botanique de Neuchâtel, Chemin du Perthuis-du-Sault 58, Neuchâtel 2000, Switzerland 

e Institute of Biodiversity and Ecosystem Research, Bulgarian Academy of Sciences, Bulgaria 
f Centro de Investigación en Recursos Naturales y Sustentabilidad (CIRENYS), Universidad Bernardo O'Higgins, Fábrica 1990, 2º 

piso, Santiago, Chile 
g Department of Zoology, Institute of Biosciences, University of Sāo Paulo, 05508-090, Brazil 

Molecular techniques are revealing considerable cryptic diversity in many protist groups. These 
organisms, which are morphologically similar but genetically distinct, have been traditionally 
pooled together within single species, leading to erroneous diversity estimates, and wrong 
conclusions on their ecology (e.g. habitat specificity) and geographic distributions. Testate 
amoebae are a group of ecologically specialized protists easy to handle individually which 
represent a good model to test ecological, biogeographical and phylogeographical hypotheses. 
In this study, we surveyed the diversity of family Hyalospheniidae (Arcellinida, Amoebozoa) with 
focus on genera Padaungiella, Alocodera, Apodera and Nebela, based on single-cell 
mitochondrial COI barcoding and environmental DNA survey. Previous studies showed that the 
diversity of genus Nebela was underestimated, even in well surveyed environments (such as 
Swiss peatlands), and hosted a large diversity of species differing in their ecological optima. 
Here, we expanded our survey to different geographical locations and/or environment types 
(Europe, Zealandia, North and South America). We discovered a novel diversity in genus Nebela, 
including new clades discriminated chiefly by environment type rather than geographic origin, 
suggesting phylogenetic niche conservatism. Genera Padaungiella, Alocodera and Apodera 
were most diverse in the Southern Hemisphere, suggesting a Gondwanaland origin for this 
group. Furthermore, morphometric and genetic data allowed us to split morphospecies of 
supposedly pan-gondwanian distribution into several units with geographically limited 
distributions. These examples call for a re-evaluation of Southern Hemisphere protists diversity, 
which is too often underestimated due to taxonomic overfitting. 
 
 
 
 
 
 

 



	

Is capsaicin toxic for insects? 

Yosra Chabaane*, Betty Benrey 

Laboratory of Evolutionary Entomology – University of Neuchâtel; Switzerland. 

The role of secondary metabolites in plant defense is widely recognized. In chili peppers, one of 
the main compounds associated with defense is capsaicin also responsible for the pungency 
trait. There is ample evidence that capsaicin protects plants against pathogens and fungi. 
However, a thorough review of the literature failed to reveal rigorous studies on the toxic effect 
of capsaicin for insect herbivores. 
In this study, we determined the effect of capsaicin on the performance of two generalist 
herbivores, Spodoptora latifacisia and Spodoptora exigua that have been shown to feed on 
leaves and fruits of chili peppers. Larvae were reared on three artificial diet treatments: control 
(without capsaicin), low-capsaicin (20 ppm) and high-capsaicin diet (200 ppm). These 
concentrations mimic those naturally present in the sweet bell pepper, mild poblano variety and 
in the pungent cayenne variety. 
We found that the level of capsaicin significantly affected the performance of both herbivore 
species. Survival, pupation rate and adult emergence were 40 to 20 % lower on the high 
capsaicin diet compared to the low-capsaicin and control, respectively. However, performance 
on the low capsaicin diet was 20% higher than in the control. These results suggest that at low 
levels, capsaicin might enhance insect performance by acting as a feeding stimulant. Yet, this 
idea still needs to be examined experimentally. 
Currently, we are conducting experiments with the natural chili fruits and following the same 
procedure used with the artificial diet. The results of our study are expected to increase our 
understanding on the role of capsaicin in plant defense against insect herbivores and its potential 
implications for pest control. 
 
 
 
 
 
 
 
 
 
 
 
 
  

 



	

Oxalotrophy as a biocontrol strategy 

Aislinn Estoppey* 

Laboratory of Microbiology, University of Neuchâtel, Neuchâtel, Switzerland 

Phytopathogenic fungi have a wide host range and cause economically important damage in 
crops worldwide. Some of these pathogens use organic acids, and in particular oxalic acid, as a 
virulence factor. Degradation of this organic acid could be a new approach of biological control 
of fungal pathogens. Oxalotrophic bacteria are found in various environments and use oxalate 
as carbon and energy source. Thus, they could provide a protection to the host against the 
pathogen through nutritional interference.  
Confrontation experiments in Petri dishes showed that the fungal growth inhibition change 
depending on the fungal partner, bacterial partner and trophic factors. Cupriavidus necator and 
Cupriavidus oxalaticus (two oxalotrophic bacteria) inhibited the growth of Botrytis cinerea and 
Zymoseptoria tritici but not of Rhizoctonia solani. In the other hand, Pseudomonas putida (a non-
oxalotrophic bacterium) inhibited the growth of Z. tritici and R. solani on R2A medium.  
Further experiments are planned to investigate the inhibition of germination of spores and 
sclerotia, as well as the use of oxalotrophic endospore-forming bacteria (EFB) as biocontrol 
agent, as all studies have be done so far with mycelium and non-EFB. Furthermore, experiments 
will be conducted in Latuca sativa in a sterile environment, in order to assess the interactions 
between plant, bacteria and fungus. As P. putida showed promising results as biocontrol agent, 
its biocontrol strategy will be investigated. Finally, the swarming behaviour of the bacteria 
observed in presence of Z. tritici will be further investigated to decipher the trigger behind it.  
 

 

 

 

 

 

 

 

 



	

A novel strategy to control fall armyworm with entomopathogenic nematodes 

Patrick Fallet*1, Stefan Toepfer2, Joelle Kajuga3, Bancy Waweru3 and Ted Turlings1 

1Laboratory of Fundamental and Applied Research in Chemical Ecology, University of Neuchâtel, Neuchâtel, Switzerland; 2CABI 

Switzerland, Delémont, Switzerland; 3Rwanda Agriculture Board, Southern Agricultural Division, Huye, Republic of Rwanda 

Native to the Americas, fall armyworm (FAW; Spodoptera frugiperda, JE Smith) recently invaded 
Africa where it was first detected in 2016. Today, FAW is present in most sub-Saharan countries, 
where it is causing great damage on a large variety of crops, but most importantly to maize. 
Effective, safe and sustainable control measures are desperately needed to ensure food security 
on the African continent. We have launched a project to explore the possibility of using 
entomopathogenic nematodes (EPN) to control FAW. The first step was to travel to Rwanda to 
find locally well-adapted EPN that can resist African climate. The second step is to determine 
the infectiousness of the Rwandan EPN strains on FAW larvae and to assess their multiplication 
capabilities with respect to commercial mass production and use. Commercial EPN strains that 
are internationally available will be also considered. The third step is to develop novel application 
methods of the EPN. Options are to apply the EPN in a paste or as a liquid spot spray onto the 
crop. Another option would be to encapsulate the EPN in alginate beads that could be manually 
placed onto the plants. We plan to incorporate attractants and feeding stimulants in the 
substrate to attract FAW and have them feed on the EPN-containing medium, which will increase 
the efficacy as well as the specificity of the control measure. The last step of this project is to 
test the application methods on African fields and assess their full potential to control FAW. 

  



	

Enhance the metal recycling in urban wastes through bacterial-fungal interactions 

Geremia Losa1*, Prof. Pilar Junier, Dr. Saskia Bindschedler 

1Laboratory of Microbiology, Institute of Biology, University of Neuchâtel, Emile-Argand 11, 2000 Neuchâtel, 
Switzerland 

Anthropogenic waste such as e-waste is known to contain high concentrations of precious metals 
(such as Au, Ag, Pd) which are in the same range than the concentrations in natural ores. Urban 
mining is a solution proposed to tackle over-exploitation raw materials. Waste recycling is about a 
great interest for ethical, environmental and economic reasons. Both prokaryotes and fungi are 
known to be important actors in the biogeochemical cycling of elements. Indeed, bacterial-fungal 
(BF) consortia can be used for mobilize and immobilize metals in order to recover them. The use of 
BF consortia is a consequence of the synergistic interactions (geochemistry and coexistence) between 
bacterial and fungi. Therefore, the aim of this study is to recover metals from anthropogenic waste 
through BF consortia. 

  



	

Dormancy and spores’ formers: Investigate non-standard models 

Mathilda Hayoz1*, Ilona Palmieri1, Teddy Monrouzeau1, Matthieu Berge2, Patrick Viollier2, 
Thorsten Blum3,4, Benoit Zuber5, Marek Kaminek5, Adolfo Odriozola5, Pilar Junier1 

1Laboratory of Microbiology, Institute of Biology, University of Neuchâtel, Switzerland 
2Department of Microbiology and Molecular Medicine, Faculty of Medicine, University of   Geneva, Switzerland 

3Biology and Chemistry, Laboratory of Biomolecular Research, Paul Scherrer Institute (PSI), CH-5232 Villigen, Switzerland. 
4Center for Cellular Imaging and NanoAnalytics (C-CINA), Biozentrum, University of Basel, CH-4058 Basel, Switzerland. 

5Microscopic Anatomy and Structural Biology, Institute of Anatomy, Faculty of Medicine, University of Bern, Switzerland 

	
Natural communities, including bacterial communities, have to cope with unstable environmental 
conditions, which are suboptimal for metabolic activity. There are several strategies to favour 
survival, among them the production of resistant bacterial spores. A well-studied model of this 
process is the formation of endospore by Firmicutes. Firmicutes are monoderm and form 
endospores through endosporulation. Kurthia is a firmicute genus that was previously 
considered asporogenic and monoderm. Nevertheless, we discovered that Kurthia cells present 
not only an unusual LPS-free outer membrane (OM), but also that it forms spores by modifying 
the cell envelope structure. In an evolutionary context, the presence of this atypical LPS free-
OM requires an explanation and the most probable is a de novo emergence. Because 
emergence of diderm cells remains an interesting question, we designed experiments in order 
to investigate atypical diderm Kurthia cells. We focused on characterizing the morphology and 
resistance of spores, as well as the sporulation process. In order to characterize these three 
elements, the reliable production of spores is essential. We have identified a suitable medium 
to trigger sporulation using a depleted carbon source but supplementing with MnSO4. 
Moreover, presence of an outer membrane and pili at both poles was confirmed on cryo-TEM 
images. In addition, we have observed that  Kurthia cells changed their morphology after 
penicillin treatment. In the future, we plan to investigate how Kurthia resists to antibiotics 
through morphological change, the structure of OM using intensive cryo-TEM and classic 
microscopy analysis, and finally the sporulation process by direct observation and 
transcriptomics. 
  



	

Impact of agro-ecological measures on honeybees populations, A.mellifera 

Julie Hernandez1, Vincent Dietemann2, Yann-David Varennes3, Alexandre Aebi4 

1University of Neuchâtel , Laboratory of Soil Biodiversity, Neuchâtel, Switzerland 

2Swiss Bee Research Center Agroscope, Liebefeld, Switzerland 

3Interjurasienne rural foundation (FRI), Courtemelon, Switzerland 

4University of Neuchâtel , Institute of biology and ethnology, Laboratory of Soil Biodiversity, Neuchâtel, Switzerland 

Recent work shows a decline in pollinators necessary for the reproduction and productivity of 
wild plants and crops. The current agricultural environment contributes to this decline because 
it does not provide the habitat and nutrition sources necessary to sustain pollinator populations. 
To counter this decline, governments fund agro-ecological measures. However, their efficacy is 
rarely verified. In Switzerland, nine measures were recently proposed to increase the nutritional 
offer for pollinators in an agricultural environment generally deficient in pollen and nectar during 
periods between blooming of crops and to decrease exposure to insecticides that pose a risk 
for their health. The objective of this PhD work is to verify the efficacy of these measures in 
promoting the development and survival of honeybee colonies, the major managed pollinator. 
Three hundred colonies held in 30 apiaries in two cantons of Switzerland: Jura and Vaud will be 
monitored over three years. 
As a first step, I will characterize the landscape surrounding the 30 apiaries to determine their 
exposure to the agro-ecological measures and to natural food resources; I will then determine if 
the honeybee colonies respond to the agro-ecological measures and evaluate if beekeeping 
practices, honeybee pathogens and parasites and residues of phytosanitary products influence 
this response. 
The originality of this study comes from its large spatial and temporal scale and from the fact 
that scientists will work in close collaboration with beekeepers, farmers and policy makerset. The 
outcome of the integrative study will contribute to science-based policy-making towards more 
sustainable agricultural and apicultural practices. 
  



	

The consequence of plant domestication for resistance against insects 

Charlyne Jaccard and Betty Benrey, University of Neuchâtel 

Plant domestication has generally resulted in decreased chemical and physical defense in crop 
plants compared to their wild ancestors. A reduction in plant defensive traits is often expected 
to result in increased insect performance. However recent studies have shown that this pattern 
is not ubiquitous.  
The reason for this may lie in the purpose or the organ targeted by domestication. Such that, a 
positive relationship between reduction in plant defense and increased insect performance will 
be only, or more evident for cultivars and plant organs that have been selected for consumption.  
To test this hypothesis we used cultivated varieties of squash (genus Cucurbita) and larvae of 
one herbivore: Diabrotica balteata (root-feeding herbivore) which co-evolved with 
Cucurbitaceae.  
We chose cultivated varieties that have been selected for different purposes (fruit consumption 
and ornamentals). Plants were analyzed for their concentration of cucurbitacins in roots that are 
known to be toxic to generalist herbivores.  
We found support for our hypothesis; cucurbits domesticated for fruit consumption have a 
reduction of toxic compound. Diabrotica baleteata larvae prefer squash root containing 
cucurbitacins.  
These results highlight the importance of incorporating plant traits and insect adaptations in 
studies on crop domestication and insect interactions.  
  



	

Targeted mycophagous lifestyle of Lysinibacillus sphaericus against the 
phytopathogenic fungus Rhizoctonia solani 

Isha Jamil*, Clément Etter, Claire Stanley, Saskia Bindschedler and Pilar Junier 

Laboratory of Microbiology, University of Neuchâtel, Neuchâtel, Switzerland 

Bacteria are well known for their diversified nutritional capabilities, which may lead to positive 
or negative interactions with other organisms. Mycophagy is a behavior allowing bacteria to 
obtain nutrients from living fungi, with a negative impact on the fungal partner. Bacilli are an 
important component of the soil microbial community and are widely used in biofertilization and 
biocontrol.  
In order to understand the mechanisms underlying this mycophagous lifestyle, a confrontation 
assay was performed, where R. solani biomass and its exudates were the sole carbon source for 
the bacterium. In order to assess the specificity of the interaction, we also confronted L. 

sphaericus to a saprophytic fungus, Trichoderma rossicum.  
We observed a mycophagous lifestyle in Lysinibacillus sphaericus against the soil-borne 
phytopathogenic fungus Rizoctonia solani. L. sphaericus inhibited the growth of R. solani but not 
of T. rossicum. R. solani hyphae that were in direct contact with bacteria were adversely 
damaged and unable to re-grow and this was not observed for T. rossicum. Microscopic 
observations revealed the deformation of R. solani’s cell wall and bacteria penetrating fungal 
hyphae. Bacterial growth occurred at the expense of R. solani fungal mycelium only, but no 
growth was measured on either T. rossicum hyphal biomass or in fungal exudates of both 
species.  
It confirms that the living mycelium of R. solani is required for bacterial growth and demonstrates 
the ability of the bacterium to select its target. This yet unexplored mycophagous lifestyle of L. 

sphaericus could be exploited for the control of phytopathogens in sustainable agriculture. 
  



	

Adaptive potential to local conditions: a case of a potential biocontrol agent of 
the invasive weed Ambrosia artemisiifolia in China 

Maria Litto*, Sarah Bouchemousse, Heinz Müller-Schärer 

Department of Biology, University of Fribourg, Fribourg, Switzerland 

Accidental introductions offer unprecedented bio-geographical experiments to study ecological 
and evolutionary processes such as phenotypic plasticity and rapid adaptation to local 
conditions. As a potential biocontrol agent of the invasive weed Ambrosia artemisiifolia, the leaf 
beetle Ophraella communa is an interesting case to study such processes. Native to North 
America, the beetle is currently considered as an effective biocontrol agent in China, where it 
was accidentally introduced in 2001 in Nanjing. Given the climatic variability and the presence 
of non-target plants, which have been previously described as potential host like Ambrosia 

trifida, China represent an excellent arena to test the adaptive potential of this beetle to biotic 
and abiotic conditions. To explore phenotype-environment correlations, we perform a controlled 
experiment, investigating the response of Southern and Central beetle populations from China 
to three plant species (A. artemisiifolia, A. trifida and Helianthus annuus) and three temperature 
regimes (20°C, 27°C and 31°C). Larval performance has been evaluated in our quarantine 
facilities at the University of Fribourg, Switzerland of four populations from China. We found 
different survival and feeding among populations and families and the larval performance is 
mainly affected by the temperature regimes. This could indicate a local differentiation of the 
Southern population, which experience warmer conditions in nature. These results could imply 
fast local adaptation to abiotic factors and could have an impact on future biocontrol 
management strategies. 

  



	

Does habitat use influence social behaviour and cognition in marine cleaning 
gobies? 

Renata M.*1, Marta S.2, Redouan B.1 
 

1Université de Neuchâtel, Rue Emile-Argand 11, 2000, Neuchâtel, Switzerland 
2CIBIO-InBIO, Universidade do Porto, Campus de Vairão, Rua Padre Armando Quintas, 4485-661 Vairão, Portugal 

 
There is evidence that variation in the complexity of both the ecological and social 
environment may influence the cognitive performance of individuals. The facultative cleaning 
goby species Elacatinus prochilos appears to provide an ideal system to study such 
environmental effects on individual cognitive performance. In this species, sponge-dwellers live 
in large groups and hardly clean other reef fishes, while individuals living openly on reef substrate 
live in small groups (often pairs) and obtain most of their food from cleaning interactions. We 
conducted two paired-choice experiments in which gobies had to identify and seek a food-
providing plate either due to its pattern or due to its location in the aquarium. We predicted the 
former to be more ecologically relevant to cleaners (as client patterns may indicate their food 
value) and the latter to be more relevant for sponge-dwellers (finding food locations in a 3-
dimensional space). Contrary to our expectations, both cleaners and sponge-dwellers largely 
failed in the cue task and performed similarly well in the spatial task, including reversal learning 
of the rewarding location. In line with these results, additional laboratory observations indicate 
that gobies are very similar in both intraspecific social behavior and interspecific cleaning 
behavior, independently of the habitat they live in.This might explain why they have similar 
performance in both tasks. Finally, E. prochilos have less frequent and less complex cleaning 
interactions with their clients compared to cleaner wrasse of the genus Labroides, which might 
explain why the gobies performed poorly in the cue task. 

	

	

	

	

	

	



	

Effects of eco-climatic adaptation of tomato and microbe genotypes on resistance-

induction 

Dimitri O.*, Sergio R.* 

Laboratory of Functional Ecology, Institute of Biology, Faculty of Science, University of Neuchâtel, Neuchâtel, Switzerland 

It is clear that plants benefit from association with microorganisms in their root zone. These 
microbes can increase the plant resistance to abiotic stresses such as drought and salinity, 
induce resistance to biotic stresses like plant pathogens and herbivorous insects and greatly 
facilitate plant mineral nutrition. The fact of using Microbe induced Resistance (MiR) appears 
more and more as a promising opportunity to reduce use of prejudicial pesticides while 
improving crop resilience. Despite interesting prospects, MiR can be strongly context 
dependent with decrease profits under certain environmental conditions and crop varieties.  
The PhD project is part of the European research project “Microbe induced Resistance to 
Agricultural pests” (MiRA) which aims to promote the use of MiR for crop protection. The 
MiRA project will study MiR mechanisms and impacts on plant performance and biocontrol 
organisms to improve our ability to predict the effectiveness of MiR according to the growing 
conditions. In this context, my personal PhD project will investigate the effects of eco-climatic 
adaptation of tomato and microbe genotypes on resistance-induction. The goal of the project 
is to assess MiR variability across different climate adaptations by experimenting the effect of 
plant and mycorrhizal genotypic variation on plant direct and indirect defences against insect 
pests. In other words, the project intended to evaluate the environmental dependency of 
microbe-induced plant resistance. 
 

 

 

 

  



	

The clove (Syzygium aromaticum) genome 

 

Ouadi S. *1-2, Sierro N.2, Goepfert S.2, Peitsch M.C.2, Kessler F.1, Ivanov N.V.2 

 
1University of Neuchâtel, Switzerland  

2PMI R&D, Philip Morris Products S.A., Neuchâtel, Switzerland (Part of Philip Morris International group of companies). 

 

Clove (Syzygium aromaticum) is a valuable tree native to Indonesia and belonging to the 
Myrtaceae family. Its dried, unopened flower buds and essential oil are used commercially in a 
wild range of applications within the pharmaceutical, cosmetic, food, and agricultural 
industries. The main bioactive component of clove is eugenol, a phenylpropene, with 
analgesic, antioxidant, anti-inflammatory, antimicrobial, and antiviral activities. Despite its 
economic importance, only few -omics resources are available for clove. Here, we describe the 
next-generation sequencing strategy used to generate a first reference genome of S. 
aromaticum and present assembly and annotation results. The availability of a high-quality 
genome of S. aromaticum will enable comparative analysis with genomes of other species in 
the Myrtaceae family. Combined with transcriptomic and metabolomic data, it will provide an 
insight into the biosynthesis of volatile and nonvolatile compounds important for the quality of 
clove products.  
 

 

 

 

 

 

 

  



	

Low molecular weight organic acids as key molecules in bacterial-fungal interaction 

Fabio P.1*, Andrea L.1, Aislinn E.1, Lindsay P.1, Jean F. C.2, Geoffrey L. H.2, Debora F. R.3, 

Jamey D. Y.4, Saskia B.1, Patrick S. G. C.2, Pilar J.1 

1Laboratory of Microbiology, Institute of Biology, University of Neuchâtel, Emile-Argand 11, 2000 Neuchâtel, 

Switzerland2Bioscience Division, Los Alamos National Laboratory, Los Alamos, New Mexico; 3Civil and Environmental Engineering, 

University of Houston, Houston, Texas; 4School of Engineering, Vanderbilt University, Nashville, Tennessee 

Low molecular weight organic acid (LMWOA) production is widespread in fungi and can have 
important roles in processes like pathogenesis, competition, mineral weathering or 
lignocellulose degradation. More recently, LMWOA production has been involved in the 
interaction between fungi and bacteria. This is particularly true in the case of oxalic acid (OA). 
For example, in the oxalate-carbonate pathway, oxalogenic fungi are known to interact with 
oxalotrophic bacteria in soils. Moreover, OA can also serve as a signaling molecule for 
mycophagous bacteria to localize their fungal target. Due to this multitude of functions, 
LMWOA appear crucial in bacterial-fungal interactions and might be part of a general 
mechanism mediating reciprocal bacterial-fungal behavior. Therefore, the aim of this study is 
to assess the role of LMWOA, and in particular OA, as key molecules in bacterial-fungal 
interactions.Co-cultures confronting LMWOA-producing fungi to three soil bacteria (two 
oxalotrophic and one non-oxalotrophic) were performed in media with differing nutrient 
composition. LMWOA consumption was assessed in the co-cultures. Over 8 fungal strains 
screened, 5 produced large amounts of various LMWOA. For the latter, oxalotrophic bacteria 
appear to control LMWOA production and fungal growth, but this depends on the media 
composition. With this study, new insights into the functional role of LMWOA in bacterial-
fungal interactions are highlighted. This offers a new venue for the biological control of fungal 
growth using bacterial consumption of LMWOA. 

  



	

Evalution of non target effects of a novel biocontrol organisms against wireworms: 

M.brunneum ART2825 

 

Lara R.*, Giselher G. 

Agroscope, UniFR 

The entomopathogenic fungus Metarhizium brunneum ART2825 is a promising new biocontrol 
organism against wireworms, but the value of a plant protection product depends not only on 
its effectiveness against a target species, environmental safety is also a crucial factor. M. 

brunneum is known to infect a wide variety of insects and arachnids, which is why it is important 
to assess effects on non-target arthropods that could be exposed to the fungus during the 
application.  Previous studies have focused on the commercially available strain M.brunneum 
F52 with the general conclusion, that it is of little or no risk, yet fungal isolates can differ greatly 
in host specifity and no knowledge has been generated about the isolate ART2825 so far.  
In this study we exposed two soil inhabiting arthropod species, namely the predatory mite 
Hypaspis aculeifer and the carabid beetle Poecilus cupreus, as well as the target species 
Agriotes obscurus to increasing amounts of fungal conidia. While wireworm mortality reached 
up to 80%, no negative effect on mortality was observed for both non target species after 5 
(H.aculeifer) or 8 weeks (P.cupreus).   In addition sub-lethal effects on reproduction and 
development were evaluated. Egg deposition rates did not differ between female mites 
treated with fungal conidia and untreated mites. Time spans to reach maturity for the carabid 
beetles were consistent over groups as well as bodyweights of the adult beetles. These 
findings present a first indication to classify M.brunneum ART2825 as a low risk substance in 
respect to soil inhabiting arthropods. 
 

 

 

 



	

From fundamental questions to practical conservation actions: a study of the 

pollination system, population genetics and mycorrhizal associations of 

Cypripedium calceolus (Orchidaceae) 
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According to general agreement, we are currently facing the Earth’s sixth mass extinction of 
living being. Species in the family Orchidaceae, for instance, due to their complex biology, are 
good examples of a highly endangered group. Indeed, the complexity of their ecological 
interactions with pollinators and mycorrhizal fungi makes them particularly vulnerable to 
habitat use variation and climate change. In order to protect orchid species, we hypothesize 
that an integrated conservation research plan that links different temporal, spatial and 
functional axes of their ecology is needed. To illustrate this approach, we here focus on the 
Lady’s slipper orchid Cypripedium calceolus L, a well-known, emblematic and patrimonial 
orchid of Europe. The number and size of its populations have drastically declined throughout 
Europe since industrialization. To develop an efficient conservation plan for this species, the 
aims of this thesis are to understand its (i) pollination and chemical ecology, (ii) population 
genetics and demography in Switzerland, (iii) relationship with mycorrhiza, and (iv) how 
vegetation type and structure affect its habitat use. In summary, the general target of this 
thesis is to develop practical conservation approaches based on fundamental knowledge about 
the natural history, biology, ecology demography and genetics of C. calceolus that could be 
applied and generalizable to other plant species.  
 

	

  



	

The mystery of clonal invasions - Invasion history, dominance and diversification of 

clonal chestnut blight populations 
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The ascomycete Cryphonectria parasitica, causal agent of chestnut blight, is a bark pathogen on 
chestnut (Castanea) species. Native to eastern Asia, it was accidentally introduced to North 
America and Europe, where it caused severe damage on local chestnut species (Castanea 

dentata and Castanea sativa, respectively). In Europe, the genetic structure of newly founded C. 

parasitica populations has shown to be largely clonal. Although the origins of these European C. 

parasitica populations have partly been reconstructed (Dutech et al., 2012), many questions 
regarding clonal spread and invasion success remain unanswered. The first two parts of this PhD 
thesis will focus on one dominant clonal C. parasitica strain in south-eastern Europe (from 
Slovenia to Turkey). The aim is to elucidate invasion pathways of this clonal lineage and why it 
has become dominant in this large area. For reconstructing the invasion history, whole genome 
sequencing and SNP analysis will be conducted, using samples from a wide geographical range. 
Furthermore, three phenotypic traits (virulence, growth, sporulation) will be assessed, to study 
potential fitness differences between the dominant clone and two rarely occurring genotypes in 
this region. Lastly, the third part of this thesis will characterize the temporal genetic 
diversification of three Swiss clonal C. parasitica populations with whole genome sequencing. 
The results will significantly contribute to the scientific understanding of the epidemiology of 
invasive plant pathogens. Moreover, this project will enhance our knowledge on why invasion 
success of pathogenic fungi is not necessarily related to genetic diversification during 
colonization, establishment and range expansion.  

 

 

  



	

Chemical and molecular ecology of Arum maculatum 
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Many flowering plants rely on insects for pollination, and pollinators are typically rewarded for 
their efforts with nectar and pollen. However, some plants, including our focal species Arum 

maculatum, are pollinated through deceit. Arum maculatum deceives its two main pollinators, 
Psychoda phalaenoides and Psycha grisescens, by producing volatile organic compounds (VOCs) 
that mimic the odor of their natural brood sites: manure and rotting organic matter. However, it 
is not known whether VOC production varies geographically to maximize attraction of local 
pollinator species. Here, we aim to investigate this interaction as a driver of evolutionary changes 
(particularly local adaptations) in both A. maculatum and their pollinators. Specifically, we will 
link differential attraction of pollinator species across the range of A. maculatum with the 
production of individual volatile compounds using analytical chemistry techniques. We may then 
further connect key volatile compounds with differential expression of genes and pathways 
putatively under selection using whole-transcriptome sequencing. Here, we present preliminary 
results on variations in VOC production across the range of A. maculatum, linked with patterns 
in pollinator attraction and whole-transcriptome sequencing data. Taken together, these results 
will provide valuable perspectives on how biotic interactions can drive local adaptation, 
ecological and genetic differentiation, and ultimately speciation in lure-and-trap pollination 
systems. 
 

 

 

 

 

 

  



	

Characterization of interaction between Phytophthora RxLR effectors and host 

plant targets 

Iga T.*, Michael S., Felix M. 
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The genus Phytophthora represents a group of eukaryotic fungus-like microorganisms called 
Oomycetes. The majority is classified as serious plant pathogens that infect not only wild flora 
but also a wide range of crops. A representative example is the late blight disease caused by 
P. infestans infecting Solanaceae plants such as potato and tomato. Successful colonisation of 
the host plant is achieved by Phytophthora due to its reservoir of effectors (virulence factors). 
They are defined as molecules produced by the pathogen during infection in order to 
manipulate plant metabolism to advantage of the pathogen. Their role is to diminish immunity 
response of the plant or to provide better nutrient supply for the pathogen. One class of the 
Phytophthora effectors are RxLR effectors called after their characteristic RXLR motif (Arg, any 
amino acid, Leu, Arg). During infection, they are transported to the symplast of the host, where 
they specifically interact with host proteins (targets) to change their function. The results of my 
PhD project demonstrated function of two RxLR effectors. The first one, RxLR24, is 
evolutionary conserved between different Phytophthora species and interacts with plant RABA 
GTPases involved in vesicular transport. The interaction leads to perturbation of vesicle 
trafficking participating in immunity responses: the delivery of antimicrobial proteins such as 
PR1 and PDF1.2 to the apoplast is inhibited by RxLR24. Second effector, RxLR3, interferes with 
regulatory mechanism of plasmodesmata gating via manipulation of plant callose synthase. 
This effector increases flux through plasmodesmata, which probably supports transport of 
pathogen virulence factors during infection. 

 

 

  



	

Does the malaria infection modify the post blood-feeding inhibition of host seeking 

behaviour in Anopheles gambiae ? 

Nikita T.*, Jacob K. 
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The odour-mediated behaviours during the gonotrophic cycle are essential for the life cycle of 
mosquitoes and thus are key parameters in the success of the transmission of Plasmodium 

parasites. Indeed, many studies suggest that host seeking behaviour is inhibited during the 
gonotrophic cycle in different borne-disease vectors. In Anopheles gambiae, Takken et al. 
(2001) found a two steps inhibition of host seeking behaviour: i) a strong inhibition for a period 
of at least 40 hours following a blood meal ii) then the host seeking behaviour gradually returns 
to pre-blood meal levels after 72h. To locate their hosts, mosquitoes are guided by 
temperature, CO2 and odour cues (Zwiebel and Takken 2004). However, several studies 
revealed that human skin volatiles are the main stimulants to host seeking behaviour (Takken 
1991; Knols et al. 1997; Cardé et al 2010). Moreover, it appears that host seeking and blood 
feeding behaviours of anopheles mosquitoes are affected by plasmodium parasites (Schwartz 
and Koella 2001). According to manipulation hypothesis, the malaria parasite may influence the 
regulation of host seeking behaviour to enhance the probability of its transmission. The 
objective of this project will be to determine the impact of Plasmodium berghei infection on 
host seeking behaviour following a blood meal under laboratory conditions in An. gambiae. To 
know if the inhibition of this odour-mediated behavior post blood feeding is altered in infected 
mosquitoes i) we will test the behavioural responses at long-range and ii) we will record 
antennal responses linked to human volatiles. 
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 Insect-resistant transgenic crops can effectively prevent pest damage with environmental and 
economic benefits, but they may also pose risks to the environment. The impact of transgenic 
crops producing insecticidal proteins from the bacterium Bacillus thuringiensis (Bt) on non-target 
organisms has been a research hotspot of the environmental safety of genetically modified (GM) 
crops for a long time. Recent trends show that multiple genes providing similar or different traits 
are incorporated into one plant (stacking). The latest product that has become commercially 
available (in the USA) is SmartStax maize expressing 2 herbicide tolerance genes and 6 
insecticidal Cry proteins from Bt. Concerns have been raised that the combination of multiple 
Cry proteins may result in synergistic effects that may lead to unexpected and unintended 
adverse effects on non-targets. Discussions on biodiversity effects of GE plants have focused 
primarily on terrestrial ecosystems, while the potential of Bt crops on aquatic organisms has 
rarely been addressed. We select two aquatic non-target species for which estabilished 
standardized protocols for toxicity testing of chemicals are available. The species have different 
modes of feeding, Daphnia magna (filter feeder, Crustacea: Cladocera) and Hyalella azteca 

(shredder, Crustacea: Amphipoda). The aim of the study is to 1) develop reliable assay systems 
for GM crop material, 2) establish a baseline with several conventional maize lines, and 3) test 
potential hazards of stacked Bt maize on the non-targets. 
 

 

 

 

 

 

 

  



	

Role of plastaglobule associated protein ABC1K1 in tomato fruit quality 
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PGs are little lipid droplets present into the plastids mostly into chloroplasts and chromoplasts. 

In the chloroplast they are attached to the thylakoids. They serve as lipid storage system as well 

as biosynthetic compartments. PGs consist of a core of neutral lipid surrounded by a membrane 

lipid monolayer. The PG surface harbors several proteins such as the tocopherol cyclase, the 

phytyl ester synthase 1 & 2, the carotenoid cleavage dioxygenase 4, activity of BC1 complex-

like kinases (ABC1Ks) and structural proteins like fibrillins [1]. Recent studies have shown that 

plastoglobule associated protein ABC1K1 could be directly involved in the regulation and 

protection of the photosyntetic apparatus. Plastoglobules (PG) play a central role in both 

carotenoids biosynthesis and storage. In differentiated chromoplasts plastoglobules accumulate 

large amounts of carotenoids and carotenoid esters, which are responsible for the mature fruit 

color. However the PG chromoplasts are more than storage sites of carotenoid and play a 

central role in their methabolism. PG and PG associated protein ABC1K1 role in chromoplast 

differentiation and tomato fruit quality still remain unknow. My PhD will focus on the role of 

ABC1K1 in the development of tomato fruits, particularly regarding the accumulation of lipids 

compounds constituting the plastoglobule such as tocopherols, carotenoids[3]. The effect of 

ABC1K1 mutation will be addressed for its effect on protein expression and lipids accumulation 

into the plastoglobule such as carotenoid, lycopene, plastoquinone, tocopherol as well as its 

influence on the photosynthetic electron transport efficiency.  

 


