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The Workshop will take place at the Universitat de València, 
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Lichens are complex symbiotic systems, in which coexistence occurs between several microalgal taxa and/or 
lineages with a single fungus -mycobiont-, displaying different tolerance patterns to multiple kinds of abiotic 
stress. Furthermore, certain communities of non-photosynthetic bacteria and yeasts are starting to be 
considered as an integral part of the lichen thalli. 

Currently, interdisciplinary genomic approaches (NGS, culture isolations, multi-tool genetic analyses, etc.) 
have generated promising results to deal with lichen complexity and microalgae diversity. Therefore, under 
a new point of view lichen thalli are considered complex micro-ecosystems, which arise further questions on 
many of the biochemical and cellular mechanisms of the microalgae involved in the functional equilibrium of 
lichen symbioses. 

This meeting is dedicated to discussing and clarifying to the better of our knowledge the complex interactions 
that uphold lichen symbiosis, through the characterization of different aspects of biology and phylogenetic 
relationships within the symbionts.  

International outstanding attendees experienced in different research field of lichen symbiosis will present 
and discuss their novel results. A DEMO training session will be dedicated to explain/ teach some 
biogeographical and phylogenetic tools in an informatics room. At the same time, this unique meeting will 
give the opportunity to both strengthen present cooperation and establish new ones for the compilation of 
future research proposals.  

This interdisciplinary meeting is open to master and doctoral students, post doctoral fellows, lecturers, etc., 
both directly related and not to researches in lichen symbiosis.There will be no meeting fees. 

The Faculties of Biological Sciences and Mathematics will provide the venue and informatics facilities. The 
Institute Cavanilles of Biodiversity and Evolutionary Biology (ICBIBE) and the Department of Botany and 
Geology will provide lab facilities and other seminar rooms for any additional needs during the workshop.  

Venue: Lectures at the Degree Seminar room in the Mathematics Faculty. The Informatics room 4B at the 
Faculty of Biological Sciences, 46100- Burjassot, C/ Dr. Moliner 50 (see maps below). 

Website: http://symbiolichen.blogs.uv.es/  

The venue can be easily reached by 15-20 min from the city centre (bus line n. 63), or from the underground/ 
tram stations.  

Organizers: 

Eva BARRENO, Pedro CARRASCO, Francisco GARCÍA-BREIJO, Francisco MARCO, Patricia MOYA 

“Symbiosis diversity and evolution of lichens and plants: biotechnology and innovation” UVEG/team 

“Plant Biodiversity-Ecophysiology team” 

 











ABSTRACTS



The Primus project - towards understanding the nature of lichen symbiosis 

 
Pavel Škaloud, Zuzana Vaiglová, Jana Steinová, Ivana Černajová, Patricia Moya, Helena 
Bestová & Ondrej Peksa 

Charles University, Department of Botany, Benatska 2, Praha 2, Czech Republic 
 
Symbiotic organisms play a key role in natural communities. However, mechanisms 
underlying the selection of symbiotic partners remain largely unknown. In this project, we aim 
to understand the very nature of mutualistic symbioses by examining equally the distribution, 
ecology, and compatibility of three lichen symbiotic partners.  

Based on pan-European data collections, we are exploring symbiotic communities inside and 
outside lichen thalli. We are isolating the lichen symbiotic partners into the monoclonal 
cultures to test the role of mutualistic interactions in shaping the lichen distribution. We are 
using a multiple-tool approach including niche modelling, sequencing, metabarcoding, 
cultivation, and partner synthesis.  

The results of the project could significantly help us to get conservation efforts focused in the 
right direction. In this talk, we would like to present our first preliminary data as well as our 
future plans and methodological approaches, employing the great opportunity to obtain an 
important feedback from the lichen symbiotic research community. 

This work is supported by the Primus Research Programme of Charles University no. SCI/13. 



High-throughput sequencing of lichen photobionts: from species to 
communities 
 
Francesco Dal Grande1, Anjuli Calchera1,2, Imke Schmitt1,2 

1 Senckenberg Biodiversity and Climate Research Centre (SBiK-F), Senckenberganlage 25, Frankfurt 
am Main 60325, Germany  
2 Institut für Ökologie, Evolution und Diversität, Goethe-Universität Frankfurt, Max-von-Laue-Str. 9, 
Frankfurt am Main 60438, Germany 
 
Unraveling the complex association patterns between fungal hosts and photobionts in lichens 
is crucial to understand how these multi-partner symbioses evolve and interact in response 
to abiotic and biotic factors. However, little is known about the structure of genetic diversity of 
photobionts at different scales: across hosts, among individuals of the same host, or within 
individual thalli.  

The advances of high-throughput sequencing technologies and bioinformatics tools have 
opened opportunities to assess the genomic diversity of photobiont communities, and to gain 
insights into ecological functions of photobionts in a broad array of environments and lichen 
hosts.  

In this talk I will present recent developments of genomic research in lichen green algae. In 
particular, I will illustrate how metagenomic approaches and next generation sequencing 
strategies facilitate a multi-scale characterization of photobiont diversity in lichens. 



Recent insights into the functioning of lichen-associated bacterial communities 
 
Tomislav Cernava1, Martin Grube2 & Gabriele Berg1 

1 Institute of Environmental Biotechnology, Graz University of Technology, Petersgasse 12, 8010 Graz, 
Austria 
2 Institute of Plant Sciences, University of Graz, Holteigasse 6, 8010 Graz, Austria 
 
Recent evidence of specific bacterial communities that are found in association with lichens 
extended the traditional concept of fungal-algal lichen symbioses by a further organismal 
kingdom. Although functional roles were already assigned to dominant members of the highly 
diversified microbiota, a substantial fraction of the ubiquitous colonizers remained 
unexplored. We employed various multi-omics approachs to further characterize functional 
guilds in this highly complex system. We found potential implications of the microbiome in (i) 
nutrient supply, especially nitrogen, phosphorous and sulfur, (ii) resistance against biotic 
stress factors, (iii) resistance against abiotic factors, (iv) support of photosynthesis by 
provision of vitamin B12, (v) fungal and algal growth support by provision of hormones, (vi) 
detoxification of metabolites, and (vii) degradation of older parts of the lichen thallus. 
Furthermore, the combination of several multi-omics approaches allowed to assign more 
specifically functional roles to distinct bacterial lineages that are highly abundant in the lichen 
holobiont. The predominant order of Rhizobiales was identified as a commonly shared 
structural element in different lichen species from geographically distant locations. Members 
of this bacterial lineage were not only found on the outer lichen cortex, but also in deeper, 
interhyphal layers (Erlacher et al., 2015). Lichen-associated Rhizobiales were later assigned 
to the general group of “feeders” in the holobiont, while other distinct bacterial lineages were 
termed as “protectors”, referring to their potential for biotic and abiotic stress reduction 
(Cernava et al., 2017). These groups are also found in the core microbiome that is passed 
from one lichen generation to the next via propagules (Aschenbrenner et al., 2014). The 
insights gained in this continuously expanding approach to understand stable and long-
lasting coexistence of micro- and macro-organisms, will eventually provide novel solutions for 
biotechnological applications in the future. 

This work was supported by a grant from the Austrian and German Science Foundation (FWF-DACH Project I882). 

Aschenbrenner I. A., Cardinale M., Berg G., & Grube M. (2014). Microbial cargo: do bacteria on symbiotic 
propagules reinforce the microbiome of lichens?. Environmental Microbiology 16(12): 3743-3752. 

Cernava T., Erlacher A., Aschenbrenner I. A., Krug L., Lassek C., Riedel K., Grube M., & Berg G. (2017). 
Deciphering functional diversification within the lichen microbiota by meta-omics. Microbiome 5(1): 82. 

Erlacher A., Cernava T., Cardinale M., Soh J., Sensen C. W., Grube M., & Berg G. (2015). Rhizobiales as functional 
and endosymbiontic members in the lichen symbiosis of Lobaria pulmonaria L. Frontiers in Microbiology 6: 53. 

 



Invariant network properties shape the relationships between lichen-
forming fungi and their photobionts 
 
Sergio Pérez-Ortega1, Alejandro Berlinches1 & Asunción de los Ríos2 

1 Real Jardín Botánico, CSIC, Plaza Murillo 2, 28014, Madrid, Spain 

2 Museo Nacional de Ciencias Naturales, Calle Serrano 116-dpdo, 28006, Madrid, Spain 
 
Ecological interactions among organisms represent an often neglected part of diversity. 
Regardless of their sign, either positive such as mutualisms or facilitation, or negative 
such as predation or parasitism, ecological interactions drive evolution at different 
scales.  

The theoretical framework of bipartite networks allows the study of the relationships 
among guilds of organisms and enables distinctive patterns in the architectural 
properties of those networks to be found.  

Lichens are often shown as paradigmatic examples of symbioses, but we do not know 
very much about the type of ecological interaction and its implications in the 
establishment between the lichen-forming fungi and their photobionts. By means of this 
study of interaction networks in lichen communities in contrasting ecosystems, we can 
state that these networks show invariant patterns which characterize the way that 
lichen-forming fungi interact with their algal symbionts, with obvious evolutionary 
consequences. 



Illumina assay reveals habitat/ location as the main factor influencing microalgal 
diversity in Ramalina farinacea  
 
Patricia Moya1, Arantzazu Molins1, Lucia Muggia2 & Eva Barreno1  

1 Universitat de València, Inst. “Cavanilles” de Biodiversidad y Biología Evolutiva, Botánica, Fac. CC. 
Biológicas, Valencia, 46100 Burjassot, Spain 

2 University of Trieste, Department of Life Sciences, via L. Giorgieri 10, 34127 Trieste, Italy  
 
Lichens provide interesting and poorly known habitats (microecosystems) for many other 
organisms besides the traditionally considered as unique lichen symbionts: a mycobiont and 
one photobiont. The current literature reveals that the coexistence of multiple microalgal taxa 
in lichens is more common than previously thought; lichens-inhabiting fungi (micobiome), 
bacteria (microbiota) and basidiomycete yeasts support this additional complexity.  

Ramalina farinacea (L.) Ach. has proven to be suitable model to study this multiplicity due to 
the constant coexistence of at least two microalgae species (Trebouxia sp. TR9 and T. 
jamesii) in long-distance populations. In 2017, we analyzed the microalgal diversity and its 
community structure in the lichen R. farinacea applying a 454 pyrosequencing approach 
(Moya et al., 2017). In addition to corroborating the coexistence of Trebouxia sp. TR9 and T. 
jamesii taxa in the same thallus, this study showed a much higher microalgal diversity 
associated with this lichen. Along the thallus lacinias, we also detected variations in 
phycobiont distribution that might correlate with the apical growth and founder effects. These 
results were the background to perform an Illumina pair-end assay to go into detail about the 
microalgal diversity, here we show interesting preliminary results that allow us due to an 
accurate experimental design and sampling, to analyze the different factors influencing the 
microalgal diversity and in Ramalina farinacea. PCoA analyses have stated the habitat/ 
location as the main factor driven the microalgal composition.  

Supported by the Ministerio de Economía y Competitividad (MINECO and FEDER, Spain) (CGL2016-391 79158-
P), and the Prometeo Excellence in Research Program (Generalitat Valenciana, Spain) (PROMETEO/2017/039). 

Moya P., Molins A., Martínez-Alberola F., Muggia L., & Barreno E. (2017). Unexpected associated 
microalgal diversity in the lichen Ramalina farinacea is uncovered by pyrosequencing analyses. PloS 
one 12(4): e0175091. 



Culture approaches in the study of lichen symbiosis 
 
Lucia Muggia  

University of Trieste, Department of Life Sciences, via L. Giorgieri 10, 34127 Trieste, Italy  
 
Lichen symbioses develop long-living thallus structures even in harshest environments on 
Earth and offer habitat for many other microscopic fungi, microalgae, and bacteria which vary 
in their specificity and interaction with the two major lichen symbionts, the mycobiont and the 
photobiont. The microfungi associated within the thalli (including yeasts) comprise the lichen 
mycobiome and includes a more or less specific pool of species that can develop symptoms 
on their hosts, a generalist environmental pool, and a pool of transient species. 
Dothideomycetes, Eurotiomycetes, Leotiomycetes, Sordariomycetes and Tremellomycetes 
are the classes predominating the mycobiomes. Many of these fungi have close relatives 
known from different ecological niches, including both plant and animal pathogens, and 
melanized (“black”) rock colonizers. Some of these taxa can be triggered to form lichen-like 
associations with the algae of the lichen system when they are enforced to symbiosis by co-
culturing assays. Other strains are potential producers of novel bioactive compounds, but 
only a minority is so far isolated on standard media.  

The bacterial fraction constitutes the lichen microbiome. Bacteria occur in a stable and host-
specific manner in the lichens, however, their functional traits are still poorly known and are 
now subjects of several metagenomic and metaproteomics approaches.  

Even less known is the diversity of the additional microalgae, which can be isolated as well in 
culture, but have been majorly focused on the genus Trebouxia. 

These three fractions of companion microorganisms of the lichen symbioses can be used to 
set up experimental approaches to co-cultivate them with the myco- and the photobionts and 
study in vitro the kind of interactions that might be generated. 

This contribution reports on my personal experience of culture and co-culture experiments, 
using various in vitro growth conditions, to investigate the diversity of lichen-associated 
organisms and test new in vitro systems to be used as model/ reference for the study of 
symbiotic association. The aim is to give some practical examples which may arise new 
ideas for future joint experimental plans. 

Muggia L., Kraker S., Gößler T. & Grube M. (2018). Enforced fungal-algal symbioses in alginate spheres. FEMS 
Microbiology Letters 14: 365 (0.1093/femsle/fny115). 

Muggia L., Leavitt SD. & Barreno E. (2018). The hidden diversity of lichenized Trebouxiophyceae (Chlorophyta). 
Phycologia 503–524. 

Muggia L., Fernadez-Brime S., Grube M. & Wedin M. (2016). Schizoxylon as an experimental model for studying 
interkingdom symbiosis. FEMS Microbiology Ecology 92: fiw165.  

Muggia L., Fleischhacker A., Kopun T. & Grube M. (2016). Extremotolerant fungi from alpine rock lichens and their 
phylogenetic relationships. Fungal Diversity 76: 119-142.  

Muggia L., Kopun T. & Ertz D. (2015). Phylogenetic placement of the lichenicolous, anamorphic genus Lichenodiplis 
and its connection to Muellerella-like teleomorphs. Fungal Biology 119: 1115–1128.  

 



Shedding light on the dark – Linking physiology and gene expression in 
Cosmarium crenatum under the influence of polar night 
 
Florian Mundt1, Dieter Hanelt1, Lars Harms2 & Sandra Heinrich3  

1 Department Aquatic Ecophysiology and Phycology, University of Hamburg, Germany 
2 Alfred Wegener Institute, Scientific Computing, Bremerhaven, Germany 
3 Department Molecular Plant Genetics, University of Hamburg, Germany 
 
The Zygnematophyceae are the sister group to the Embryophyta and therefore an important 
model system in early land plant evolution. Light is a key environmental regulator in 
photosynthetic organisms and darkness vice versa. Many studies focused on photosynthetic 
performance, ultrastructure, cell biology and growth patterns in this group, but linkage 
between physiology and gene expression is rarely seen. 

To study gene expression under various conditions, a polar isolate of Cosmarium crenatum 
(Desmidiaceae, Steptophyta) was exposed to more than 40 abiotic stress treatments 
including darkness, high PAR, UVR and temperature. Photosynthetic efficiency and growth 
parameters were measured, allowing linking to the molecular response.  

A normalized reference transcriptome has been established by Illumina HiSeq sequencing in 
300 bp paired-end modus, consisting of 28,992,600 reads. A total of 141,711 assembled 
transcripts were generated, containing 54,389 trinity genes. We were able to annotate 
58,826 gene functions via blastx. The functional reference transcriptome displays a high 
coverage, including all major metabolic pathways i.e. carbohydrate, amino acid, lipid and 
nucleotide metabolism.  

To investigate transcriptomics underlying one week total darkness exposure, an Illumina 
HiSeq approach was applied. Under darkness compared to low light conditions 4,138 genes 
were down-regulated and 3,767 up-regulated. Strongest down-regulation was observed for 
genes encoding components of energy metabolism and photosynthesis. Genes involved in 
starch metabolism were induced under darkness, therefore it is assumed carbohydrates form 
the primary energy source. The results indicate that Cosmarium crenatum undergoes several 
transcriptional changes including regulation of several metabolic pathways as well as histone 
modifications. The dataset provides new insights into the molecular acclimation process of 
polar photosynthetic organisms to dark conditions, with important findings in development of 
chlororespiration. 

This work was supported by the Mathias-Tantau-Stiftung. 



Characterization of the responses to saline stress in the symbiotic green 
microalga Trebouxia sp. TR9 
 
Ernesto Hinojosa-Vidal1, Francisco Marco2, Fernando Martínez-Alberola1, Francisco J. 
Escaray3, Francisco J. García-Breijo4, José Reig-Armiñana1, Pedro Carrasco2 & Eva Barreno1 

1 Universitat de València, Inst. “Cavanilles” de Biodiversidad y Biología Evolutiva, Botánica, Fac. CC. 
Biológicas, Valencia, 46100 Burjassot, Spain 

2 Estructura de Recerca Interdisciplinar en Biotecnologia i Biomedicina (ERI BIOTECMED), Universitat 
de València. Dr. Moliner 50, 46100 Burjassot, Spain 
3 I IIB-INTECH/CONICET-UNSAM, Intendente Marino, km.8, Chascomús, Bs. As, Argentina 
4 Dpto. Ecosistemas Agroforestales, Universidad Politécnica de Valencia, Camino de Vera s/n. 46022-
Valencia, Spain 
 
Tolerance to saline conditions has been thoroughly studied in plants and, to an extent, free-
living microalgae. However, scientific data regarding salt stress on symbiotic lichen 
microalgae is scarce to non-existent. Since lichen phycobionts are capable of enduring 
harsh, restrictive and rapidly changing environments, it is interesting to study the metabolic 
machinery operating under these extreme conditions. We aim to determine the effects of 
prolonged exposure to high salt concentrations on the symbiotic phycobiont Trebouxia sp. 
TR9, isolated from the lichen Ramalina farinacea. Our results suggest that, when this alga is 
confronted with extreme saline conditions, the cellular structures are affected to an extent, 
with limited chlorophyll content loss and photosynthetic activity remaining after 72 h of 
exposure to 5 M NaCl. For the first time we provide a study on the physiological, 
ultrastructural and molecular effects of salt stress on a terrestrial symbiotic green microalga, 
Trebouxia sp. TR9. 

Furthermore, this organism displays a rather different molecular response compared to land 
plants and free-living halophile microalgae, with no noticeable increase in ABA levels and 
ABA-related gene expression until the external NaCl concentration is raised to 3 M NaCl. 
Despite this, the ABA transduction pathway seems functional, since the ABA-related genes 
tested are responsive to exogenous ABA (Hinojosa-Vidal et al., 2018).  

These observations could suggest that this symbiotic green alga may have developed 
alternative molecular pathways to cope with highly saline environments and lead as to the 
hypothesis of an osmotic adjust to cope with salt. 

Previous metabolic analysis has shown that sugar and aminoacids are accumulated in 
response to high salt concentrations. 

Supported by the Ministerio de Economía y Competitividad (MINECO and FEDER, Spain) (CGL2016-391 79158-
P), and the Prometeo Excellence in Research Program (Generalitat Valenciana, Spain) (PROMETEO/2017/039). 
Funding for Ernesto Hinojosa-Vidal was also provided by MINECO (BES-2013-065511). 

Hinojosa-Vidal E., Marco F., Martínez-Alberola F., Escaray F. J., García-Breijo F. J., Reig-Armiñana J., Carrasco 
P. & Barreno E. (2018). Characterization of the responses to saline stress in the symbiotic green microalga 
Trebouxia sp. TR9. Planta 1:14. 



Advances in the study of the role of NO in lichen phycobiont adaptation to 
anhydrobiosis and other interesting topics 
 
Myriam Catalá1, Joana R. Expósito1, María R. de las Heras González1, Alba Casillas1, Lina B. 
Oukhiye1, Paula Herrero1 & Eva Barreno2 

1 Área de Biodiversidad y Conservación. Departamento de Biología y Geología, Física y Química 
Inorgánica. E.S. CC. Experimentales y Tecnología (ESCET). Universidad Rey Juan Carlos. E-28933 
Móstoles 

2 Universitat de València, Inst. “Cavanilles” de Biodiversidad y Biología Evolutiva, Botánica, Fac. CC. 
Biológicas, Valencia, 46100 Burjassot, Spain 

Nitric oxide (NO) is an important molecule involved in the regulation of various cellular 
functions, but its research in lichens is still very scarce. In Ramalina farinacea, NO has been 
involved in the peroxidative damage caused by air pollution, antioxidant defense and 
regulation of lipid peroxidation. During rehydration, exposure to heavy metals and pollutants 
generate an increase of ROS that can cause oxidative stress, but lichens like R. farinacea 
have strong mechanisms to reduce this stress. Our hypothesis is that NO could have a 
critical role in oxidative homeostasis and energy metabolism in thalli of R. farinacea as well 
as in its isolated phycobionts.  

To study the function of NO, carboxy-PTIO was used to inhibit NO activity. The intracellular 
production of ROS was detected with dichlorofluorescein diacetate (DCFH2-DA) and 
chlorophyll autofluorescence was also measured. The thiobarbituric acid test was used to 
measure malondialdehyde (MDA) to study lipid peroxidation.  

During rehydration, NO inhibition modulates free radical release and chlorophyll 
autofluorescence but not lipid peroxidation in both R. farinacea and in its microalgae. Each 
phycobiont has a different behavior, namely regarding chlorophyll autofluorescence with 
opposing responses. However, when rehydration occurs in the presence of Pb, only the 
physiological response of Trebouxia sp. TR9 phycobionts seems to be clearly influenced by 
NO.  

The use of specific inhibitors has shown that both nitrate reductase (NR) and NO synthase 
(NOS) activities are involved in NO production in thalli. A method for NR activity 
quantification has been designed and preliminary data show that at least 2 isoforms of this 
enzyme are present in thalli. The toxicological parameters of different toxicants during 
rehydration on chlorophyll autofluorescence have also been studied. Finally, the potential of 
phycobionts for nutrition and preliminary in vitro data regarding a possible cytostatic effect on 
cancerous cells will be presented. 

Supported by the Ministerio de Economía y Competitividad (MINECO and FEDER, Spain) (CGL2016-391 79158-
P), and the Prometeo Excellence in Research Program (Generalitat Valenciana, Spain) (PROMETEO/2017/039). 



Biological Soil Crusts: myco/phycobiont relationships in terricolous lichen 
communities  
 
Salvador Chiva, Patricia Moya, Arantzazu Molins & Eva Barreno  

Universitat de València, Inst. “Cavanilles” de Biodiversidad y Biología Evolutiva, Botánica, Fac. CC. 
Biológicas, Valencia, 46100 Burjassot, Spain 
 
Biological soil crusts (biocrusts) are a mixture of organisms, both autotrophic and 
heterotrophic, which live on top or within the soil surface creating a consistent layer and 
binding soil particles due to their presence and activity (Belnap et al., 2003). They are 
considered to be ecosystem pioneers in colonize the soil surface. The lifestyle of lichens in 
biological soil crusts is remarkable due to the high level of morphological plasticity, 
photobiont switching and physiological adaptations (Green et al., 2018). These crusts are 
particularly notable in gypsum ecosystems which are normally dominated by lichens. They 
have a high conservation value due to their potential to form covers (sometimes >80%), their 
function, and their diversity (Ballesteros et al., 2017).  

Different areas throughout the Iberian Peninsula showed gypsum biocrusts deposited in the 
late Miocene period, that are colonised by a well-developed terricolous lichen communities, 
mainly characterised by crustose species such as Diploschistes diacapsis, Acarospora 
placodiiformis, A. nodulosa and Buellia zoharyi, occasionally accompanied by Diplotomma 
rivas-martinezii and Rhizocarpon malenconianum. Also, a relevant squamulose community 
composed of Psora decipiens, P. saviczii, Clavascidium spp. and Placidium spp. are present 
in these Miocene gypsum areas. Moreover, foliose Cladonia spp. cover microareas with an 
extra water supply due to condensation.  

In this study, the myco/phycobiont relationship for the complete lichen community has been 
analysed in detail. Barcode nrITS mycobiont analyses were performed to construct 
phylogenies, haplotype networks and biogeographical hypothesis. For the microalgae 
several nuclear and chloroplastic genetic markers were studied, moreover isolation and 
ultrastructural characterisation were included in the analyses. Three different microalgae 
genus where detected in the community: Trebouxia, Asterochloris and Myrmecia. 
Inthathalline coexistence was mainly detected in lichen species where the Trebouxia genus 
was the primarily microalgae. We suggest the morphology and/or growth type could be 
influencing the selection of each mycobiont for a particular microalgal genus.  

Supported by the Ministerio de Economía y Competitividad (MINECO and FEDER, Spain) (CGL2016-391 79158-
P), and the Prometeo Excellence in Research Program (Generalitat Valenciana, Spain) (PROMETEO/2017/039). 

Ballesteros M., Ayerbe J., Casares M., Cañadas E. M. & Lorite J. (2017). Successful lichen translocation on 
disturbed gypsum areas: A test with adhesives to promote the recovery of biological soil crusts. Scientific reports 
7:45606. 

Belnap J., Büdel B. & Lange O. L. (2003) Biological soil crusts: characteristics and distribution. In Biological Soil 
Crusts: Structure, Function, and Management (J. Belnap & O. L. Lange, eds): 3–30. Berlin, Heidelberg: Springer.  

Green T. A., Pintado A., Raggio J. & Sancho L. G. (2018). The lifestyle of lichens in soil crusts. The Lichenologist 
50 (3): 397-410. 

 



Persistence of the lichen microbiome under unfavorable environmental 
conditions 
 
Tomislav Cernava1, Martin Grube2 & Gabriele Berg1  

1 Institute of Environmental Biotechnology, Graz University of Technology, Petersgasse 12, 8010 Graz, 
Austria 
2 Institute of Plant Sciences, University of Graz, Holteigasse 6, 8010 Graz, Austria 
 
Over the past decade, the lichen microbiota was increasingly in the focus of various 
molecular studies. While in the first years, primarily the structure, composition, and 
colonization patterns of the colonizing microorganisms were deciphered, later also dynamics 
and specific roles of the microbiota were addressed. Ongoing studies demonstrated that the 
lichen microbiota can efficiently adapt to unfavorable environmental conditions, including 
arsenic pollution. Under such conditions, the associated microorganisms were shown to still 
maintain their structure and support their host in detoxification reactions.  

Under reoccurring hydration/dehydration cycles, which are particularly found in lichens, the 
microbiome revealed significant structural shifts and functional specialization to host 
conditions. The hydrated samples showed upregulated transcription of transport systems, 
tRNA modification and various porins (Omp2b by Rhizobiales), whereas the desiccated 
samples showed different functions related to stress adaption and upregulation of a 
specialized ketone metabolism, which indicated a switch to lipid-based nutrition. Several 
bacterial lineages were involved in a functional transition that was reminiscent of a ‘fasting 
metaorganism’ (Cernava et al., 2018).  

Complementary analyses of herbarium specimens of Lobaria pulmonaria (L.) Hoffm. that are 
several decades old revealed a seemingly viable bacterial community on the outer cortex 
(Cernava et al., 2016). Various molecular, as well as cultivation-dependent methods were 
employed since then to shed light on the integrity of this unexpected community and 
gradually disclose its secret. The application of fluorescence in situ hybridization (FISH) and 
confocal laser scanning microscopy (CLSM) allowed the first visualizations of the preserved 
communities. By expanding our knowledge related to the persistence of the lichen 
microbiome, we can potentially identify essential host-microbe interactions that can be used 
to design robust microbial communities for biotechnological applications. 

This work was supported by a grant from the Austrian and German Science Foundation (FWF-DACH Project I882). 

Cernava T., Aschenbrenner I. A., Soh J., Sensen C. W., Grube M. & Berg G. (2018). Plasticity of a holobiont: 
desiccation induces fasting-like metabolism within the lichen microbiota. The ISME Journal, accepted. 

Cernava T., Berg G. & Grube M. (2016). High life expectancy of bacteria on lichens. Microbial Ecology 72(3): 510-
513. 

 



The genome of Trebouxia sp. TR9. How we have improved its assembly and 
which new insights have emerged from its annotation. 
 
Ernesto Hinojosa-Vidal1, Francisco Marco2, Fernando Martínez-Alberola1, Pedro Carrasco2 & 
Eva Barreno1  

1 Universitat de València, Inst. “Cavanilles” de Biodiversidad y Biología Evolutiva, Botánica, Fac. CC. 
Biológicas, Dr. Moliner 50, 46100-Burjassot, Spain.  
2 Universitat de València. Estructura de Recerca Interdisciplinar en Biotecnologia i Biomedicina (ERI 
BIOTECMED), Dr. Moliner 50, 46100-Burjassot, Spain  
 
Despite their fundamental role as primary producers and their potential commercial 
applications, like biofuel sources or nutritional supplements and feedstock , microalgae have 
not drawn the same interest in research as land plants. However, recent developments in 
this field have sparked new interest in these organisms. The relatively small size of the 
genomes of microalgae makes them suitable candidates for inexpensive mass sequencing, 
and the number of assembled genome sequences has grown substantially in the past two 
decades. In 2015 we sequenced, assembled and annotated a de novo draft genome 
assembly of the symbiotic green alga Trebouxia sp. TR9 isolated from the lichen Ramalina 
farinacea, using sequences obtained from Illumina MiSeq and ROCHE 454 sequencing 
technologies. The resulting assembly, roughly 60 Mb in size, revealed new insights into key 
features such as the metabolic responses related to tolerance to abiotic stress or the role of 
proteins involved carbon metabolism. Nonetheless, de novo generated genome assemblies 
are often incomplete and not completely reliable, mainly due to reliance on data quality and 
quantity and software limitations.  

However, new sequencing technologies and dedicated assembly software have recently 
emerged, offering the opportunity to improve and polish the quality of our draft genome 
assembly. For this purpose we utilized RNAseq data generated with Illumina MiSeq and long 
reads generated by Oxford Nanopore technology and tried a combination of approaches to 
improve the quality of our original draft genome assembly. We annotated the most 
successful assembly with the Blast2GO annotation pipeline, and compared the result with 
our original draft genome assembly. We also estimated in silico the chromosome number of 
the microalga. The combination of different data and the new dedicated software resulted in 
a more complete and reliable assembly, revealing new genes and offering a more 
comprehensive insight into the metabolism of Trebouxia sp. TR9. 

Supported by the Ministerio de Economía y Competitividad (MINECO and FEDER, Spain) (CGL2016-391 79158-
P), and the Prometeo Excellence in Research Program (Generalitat Valenciana, Spain) (PROMETEO/2017/039). 
Funding for Ernesto Hinojosa-Vidal was also provided by MINECO (BES-2013-065511). 

 



Larger genome size of mitochondria in mutualistic fungi and its role to 
maintain obligate mutualistic relations 
 
Pradeep K. Divakar 

Departamento de Farmacología, Farmacognosia y Botánica, Facultad de Farmacia, Universidad 
Complutense de Madrid, 28040 Madrid, Spain 
 
Lichens are a symbiotic assemblage of multiple organisms including algae, fungi and 
bacteria. They form an ecologically obligate, stable mutualism between an exhabitant fungal 
partner (the mycobiont) and an inhabitant population of unicellular or filamentous algal or 
cyanobacterial cells (the photobiont).  

Nevertheless, a controlled parasitism phenomenon of lichenization or a parasitic lifestyle of 
lichenized fungi has also been postulated. Here we aim to compare the complete 
mitochondrial genomes of the selected taxa of obligate mutualistic and obligate parasitic 
fungi. Only reference genomes or well-curated mitochondrial genomes of the selected 
species of obligate mutualistic and obligate parasitic fungi belonging to different major clades 
of fungi were analyzed. The genome sizes of mutualistic fungi were significantly larger than 
those of parasitic fungi and this was positively correlated with the number of group I introns. 
The mitochondrial group I introns may play an important role in maintaining stable mutualistic 
relations in these mutualistic fungi, potentially by influencing the expression of proteins at a 
high level. 

This work was supported by the research projects MEC-Fulbright fellowship (grant agreement PRX15/00516) and 
MINECO (grant agreement CGL2013-42498- P). 



Do reproductive and dispersal strategies shape the diversity of mycobiont-
photobiont association in lichens? 
 
Jana Steinová 

Charles University, Department of Botany, Benatska 2, Praha 2, Czech Republic 
 
Ecological preferences, partner compatibility, or partner availability are known to be 
important factors shaping obligate and intimate lichen symbioses. We considered a complex 
of Cladonia species, traditionally differentiated by the extent of sexual reproduction and the 
type of vegetative propagules, to assess if the reproductive and dispersal strategies affect 
mycobiont-photobiont association patterns.  

In total 85 lichen thalli from 72 European localities were studied, two genetic markers for both 
Cladonia mycobionts and Asterochloris photobionts were analysed. Variance partitioning 
analysis by multiple regression on distance matrices was performed to describe and partition 
variance in photobiont genetic diversity.  

Asexually reproducing Cladonia in our study were found to be strongly specific to their 
photobionts, associating with only two closely related Asterochloris species. In contrast, 
sexually reproducing lichens associated with seven unrelated Asterochloris lineages, thus 
being photobiont generalists. The reproductive mode had the largest explanatory power, 
explaining 44% of the total photobiont variability. Reproductive and dispersal strategies are 
the key factors shaping photobiont diversity in this group of Cladonia lichens. A strict 
photobiont specialisation observed in two studied species may steer both evolutionary 
flexibility and responses to ecological changes of these organisms, and considerably limit 
their distribution ranges.  



Towards a new proposal on the ultrastructural taxonomy of Trebouxia 
microalgae 
 
Francisco J. García-Breijo1, Alfonso Garmendia1, José Reig-Armiñana2, Patricia Moya2, 
Arantzazu Molins2, Salvador Chiva2 & Eva Barreno2 

1 Dpto. Ecosistemas Agroforestales, Universidad Politécnica de Valencia, Camino de Vera s/n. 46022-
Valencia, Spain 

2 Universitat de València, Inst. “Cavanilles” de Biodiversidad y Biología Evolutiva, Botánica, Fac. CC. 
Biológicas, Valencia, 46100 Burjassot, Spain 
 
A taxonomical system for Trebouxia microalgae based on ultrastructural studies of Buellia 
zoharyi Galun and its subsequent statistical analysis is proposed in this study.  

Four different Trebouxia morphotypes were found in different areas of this lichen species. 
We needed to establish a taxonomical system allowing us to precisely classify these 
morphotypes. To achieve this objective, more than 50 TEM images of each phycobiont were 
performed and then properly processed. These images were evaluated with an Image 
processing software to measure a large number of key parameters (structural components) 
for the phycobiont classification, such as: the complete algae area; the protoplast area; the 
chloroplast size and shape;the pyrenoid type and area; the number and diameter of the 
pyrenoglobules; the diameter of the pyrenoid tubules; the area occupied by the mitochondria 
and peripheral vesicles, etc. Likewise, different relationships between these structural 
components were calculated to establish significant differences between them. 

Our results showed significant differences between each phycobiont morphology (Kruskal-
Wallis statistical analyses). Only 4 of 32 variables meet normality requirements and therefore 
non-parametric methods were used. Some variables were highly correlated and all but one of 
each group were eliminated before the multivariate analysis by Non-metric multidimensional 
scaling (NMDS), which separates neatly between taxa.  

Although the process is very tedious, the results obtained suggest interesting results since 
they have allowed us to differentiate, at the ultrastructural level, the four phycobiont 
morphotypes. Moreover, this method could be applied to other species of microalgae. 

Supported by the Ministerio de Economía y Competitividad (MINECO and FEDER, Spain) (CGL2016-391 79158-
P), and the Prometeo Excellence in Research Program (Generalitat Valenciana, Spain) (PROMETEO/2017/039). 



DNA-based taxonomy in ecologically versatile microalgae: a re-evaluation of the 
species concept within the coccoid green algal genus Coccomyxa 
 
Pavel Škaloud1, Veronica Malavasi2, Fabio Rindi3, Sabrina Tempesta4, Michela Paoletti4, 
Marcella Pasqualetti4 

1 Charles University, Department of Botany, Praha, Czech Republic 
2 CINSA, University of Cagliari, Cagliari, Italy 
3 Dipartimento di Scienze della Università Politecnica delle Marche, Ancona, Italy 
4 Department of biological and ecological sciences, Tuscia University, Viterbo, Italy 
 
Coccomyxa is a genus of unicellular green algae of the class Trebouxiophyceae, well known 
for its cosmopolitan distribution and great ecological amplitude. It includes species found in 
many aquatic and terrestrial habitats, both free-living and symbionts, including sites with 
extreme environmental traits. The taxonomy of this genus has long been problematic, due to 
reliance on badly-defined and environmentally variable morphological characters.  

In this study (Malavasi et al.,2016), based on the discovery of a new species from an 
extreme habitat, we reassessed species circumscription in Coccomyxa, a unicellular genus 
of the class Trebouxiophyceae, using a combination of ecological and DNA sequence data. 
Our results were compared with those of a recent integrative study of Darienko et al. (2015) 
that reassessed the taxonomy of Coccomyxa, recognizing 7 species in the genus.  

Expanding the dataset from 43 to 61 sequences (SSU + ITS rDNA) resulted in a different 
delimitation, supporting the recognition of a higher number of species (24 to 27 depending on 
the analysis used, with the 27-species scenario receiving the strongest support). Analyses 
performed on ecological characters detected a significant phylogenetic signal in six different 
characters. We conclude that the 27-species scenario is presently the most realistic for 
Coccomyxa and we suggest that well-supported lineages distinguishable by ecological 
preferences should be recognized as different species in this genus. We also recommend 
that for microbial lineages in which the overall diversity is unknown and taxon sampling is 
sparse, as is often the case for green microalgae, the results of analyses for algorithmic 
DNA-based species delimitation should be interpreted with extreme caution. 

Darienko T, Gustavs L, Eggert A, Wolf W, Pröschold T. (2015) Evaluating the species boundaries of green 
microalgae (Coccomyxa, Trebouxiophyceae, Chlorophyta) using integrative taxonomy and DNA barcoding with 
further implications for the species identification in environmental samples. PLoS ONE. 2015; 10: e0127838.  

Malavasi V., Škaloud P., Rindi F., Tempesta S., Paoletti M. & Pasqualetti M. (2016) DNA-based taxonomy in 
ecologically versatile microalgae: A re-evaluation of the species concept within the coccoid green algal genus 
Coccomyxa (Trebouxiophyceae, Chlorophyta). PLoS ONE 11: e0151137. 

 



Introduction to the assembly, taxonomic binning of mycobiont-photobiont-
bacteria components and functional characterisation of metagenomic 
reads from whole lichen thalli 
 
Francesco Dal Grande 

Senckenberg Biodiversity and Climate Research Centre (SBiK-F), Senckenberganlage 25, 
Frankfurt am Main 60325, Germany  
 
In this practical session, we will explore different techniques to investigate the 
composition of lichen thalli using metagenomic data. Participants will be offered a 
comparative evaluation of metagenome assembly tools, and an overview of state-of-
the-art methods for taxonomic diversity analysis, functional profiling, and visualization 
of lichen-associated taxa. The theoretical framework will be supported by simple 
practical exercises based on real-world metagenomic reads obtained from lichen thalli 
using the online Galaxy platform. 



Species delimitation and speciation analyses in R 

 
Pavel Škaloud 

Charles University, Department of Botany, Benatska 2, Praha 2, Czech Republic 
 
In recent years, the number of methods available for delimiting species based on sequence 
data has dramatically increased. Some methods, in particular those based on assessment of 
distances between sequences (e.g., ABGD) and on the coalescent theory (e.g., GMYC, 
Brownie, SpedeSTEM, BPP, bPTP) have gained great popularity and have been applied to 
many taxonomic groups. 

In this workshop, the participants will learn how to use the phylogenetic software, on-line 
tools and several R packages to run several species delimitation and speciation analyses. 
The tutorial is based on the dataset used to investigate the species boundaries in the green 
algal genus Coccomyxa. 



An integrative analytical approach for phylogeographic studies 
 
Isaac Garrido Benavent 
Depto. Micología, Real Jardín Botánico (RJB), Consejo Superior de Investigaciones Científicas (CSIC), 
C/ Claudio Moyano 1, E-28014 Madrid, Spain  
 
Phylogeography provides a unique framework for studying species genetic diversity from a 
geographic and temporal perspective, and therefore offers an exciting additional avenue for 
understanding lichen symbiosis. Taking advantage of the huge sets of specimens and 
molecular data available today for lichen bionts, phylogeographic approaches may become 
appropriate for revealing cryptic speciation as well.  

In this session, I will review the recent literature on lichen phylogeography to propose an 
integrative analytical approach for the study of population genetics, species delimitation, 
estimation of divergence ages and biogeography in lichens. The use of several bioinformatic 
programmes will be discussed with the participants. I will introduce the software RevBayes 
(Höhna et al. 2016) which provides an interactive environment for statistical computation in 
phylogenetics. More specifically, I will point to online resources explaining different analyses 
implemented in this software, such as model selection and testing, standard tree inference, 
diversification rate estimation and biogeography. Also, I will provide some input data and 
useful scripts for participants that can be used to work with their own data. 

Höhna S., Landis M. J., Heath T. A., Boussau B., Lartillot N., Moore B. R., Huelsenbeck J. P. & Ronquist F. (2016). 
RevBayes: Bayesian phylogenetic inference using graphical models and an interactive model-specification 
language. Systematic Biology 65(4): 726-736. 























Antoni Pitxot i Soler 
(05/01/1934 - 12/06/2015)

Born into a family with an artistic tradition and closely related to the Dalí family, he lived with his family 
in San Sebastián from 1946 to 1964. There he had Juan Núñez Fernández as his art teacher, who had 
also been Dalí’s teacher years before in Figueres.

In 1964, he settled permanently in the family house in Cadaqués (Girona). During this period, his work 
suffered a decisive turn, since he directed his attention to the study of the objects in his surroundings: 
the rocks of Cadaqués, which gave rise to anamorphic, anthropomorphic and allegorical visions, which 
connected with an underground current of western painting that went from certain masters of Italian 
mannerism to surrealism.

Also, during these years, his relationship with Dalí began, which would culminate in a lasting friendship. 
In August 1972 Dalí visited him in his workshop and proposed setting up a permanent exhibition of his 
work in the Theater-Museum of Figueres, which opened on the 28th September1974. It can be said that 
the museum is, to a large extent, the result of the dialogue between these two creators. In 1975, in 
collaboration with Salvador Dalí, he made the four "grotesque monsters" of the inner courtyard of 
the Theater-Museum. They are monster-fountains in the style of Italian Mannerists, made with piles 
of stones, boxes, tree trunks, the skeleton of a whale, conches and seashells. Antoni Pitxot would be, 
from its inauguration, the director of the Theater-Museum, a task that he would combine with 
his work as a painter.

Pitxot and Dalí established great communication and an aesthetic complicity. Thus, for example, in 
1958 Pitxot worked on the exhibition "The Battle of Constantine", which he presented in Barcelona. 
The theme of the battle was inspired by a conversation with Dalí, who explained that the rocks of the 
beach of Sa Conca, in Cadaqués, already configured multiple battles on their own. Dalí came up with 
the introductory text for the catalogue and dictated the content, sentence-by-sentence, to Antoni 
Pitxot: "When the rocks awaken from four thousand years of dreaming, they are deafened by the 
din of a battle in each hand".

Antoni Pitxot was the director of the Dalí Theater-Museum, as well as a life patron and second 
vice-president of the Gala-Salvador Dalí Foundation until the day of his death. On the 16th September 
2004, he received the Gold Medal for Merit in Fine Arts from His Majesty King Juan Carlos, and on the 
19th October 2014 the Figueres City Council awarded him the Fulla de Figuera de Plata. On the 10th 
March 2015, the plenary session of the Cadaqués City Council approved the appointment of Antoni 
Pitxot i Soler as the Favourite Son of the municipality.

The temporary Púbol Castle exhibition, 2014, “Dalí - Pitxot. The allegory of memory”, was dedicated 
to the career of Antoni Pitxot. The catalogue published on the occasion of this exhibition contained a 
documentary that was given the Avicom Golden Award (International Committee for audiovisual and 
image technologies, ICOM audiovisual section). https://www.youtube.com/watch?v=tBa0DUlEf9E.

Images of his works: 
https://www.google.es/search?sourceid=navclient&ie=UTF-8&hl=es&rlz=1T4GUEA_esES684ES685&q=
pitxot&tbm=isch&gws_rd=ssl



The "licorelles" the focal point 
of the Priorat region and its 
excellent wines with Qualified D.O.

Priorat (Tarragona, Catalunya, Spain) is a hilly region formed by materials 
from the Paleozoic era, mainly metamorphic slates from the Devonian and 
Carboniferous periods. The soils are shallow, having a low organic matter 
content and are mostly formed by the disintegration of the slate, known as 
licorelles, brittle, dark copper coloured, laminated rocks between which the 
roots of grapevines penetrate in search of moisture, water and nutrients.

The licorelles - also called licorella, llicorell or llecorell-, the real name in 
Catalan, are diverse in origin, texture, colour, and are the undoubted stars 
of the designation of origin (.D. O.) of the Priorat wines . The origin of the 
word is linked to the expression llècol, which was used to indicate humour, 
taste, mouthwatering mellowness, which comes from the Celtic word Likka, 
meaning rock. Rock, taste, slate, licorella, all these words end up becoming 
synonyms in the Priorat region. Although they are also found in Cerdanya, 
Cap de Creus and Cadaqués.

The Priorat is a region formed by a range of small mountains with steep, 
rocky slopes, with no interspersed valleys or plains. The cultivation of the vines 
is difficult and expensive because it takes place in terraces with llicorelles and 
production is low, but perfectly adapted to these conditions. The area enjoys a 
temperate, dry Mediterranean climate, with wide variations in temperature 
(a continental climate).

The red wines of the "Priorat Qualified Denomination of Origin" are preferably 
made with the "Cariñena" grape variety which, together with the llicorelles 
soils, gives them a garnet color, a highly intense aroma, a high alcohol level 
and a dense, rich, meaty, full flavour.


