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Dear ISOP 2021 participants, 
 
 
Welcome to the 2021 meeting of  the International Society of Protistologists (ISOP). 
While we cannot meet in person because of the COVID-19 pandemic, we can meet as 
a society online to share our recent research.   
 
The invited talks will be by Johan Decelle (CNRS-University of Grenoble Alps, France) 
and Anna Karnkowska (University of Warsaw, Poland). There will be a past ISOP 
president's address by Christopher Lane (University of Rhode Island, USA). Forty-five 
contributed talks will be presented across seven sessions representing the themes of 
current protistan research. And twenty-three contributed posters will be presented in 
a single session.  
 
The talks and posters will be presented on Zoom. After each contributed talk session 
and during the coffee breaks, the speakers will have their own breakout room so that 
you can continue discussing their research with them. During the poster session, each 
presenter will have their own breakout room, where they show their poster and you 
can ask them questions.  
 
Thanks to Corey Holt (University of British Columbia, Canada) for designing the 
meeting’s logo.  
 
 
Kind regards, 
Micah Dunthorn 
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Programme Overview 
 
 
 
 
 

Note: Time is in Greenwich Mean Time (GMT). 
 
 
 
 

 

 
 
 
 
 

 
 

Monday Tuesday Wednesday Thursday Friday
GMT 26 July 27 July 28 July 29 July 30 July

14:45 welcome address

15:00  session 1: session 3: session 5: session 7: session 8:

Ecophysiology & Evolution & Populations & Commensals & Distributions & 

Functional Ecology Molecules Species Parasites Diversity 

16:00

breakout rooms & breakout rooms &

coffee break breakout rooms & coffee break breakout rooms & breakout rooms &

17:00 session: 2 coffee break session 6: coffee break coffee break

Cells & session 4: Ecological Transitions & ISOP past president' talk talk/poster awards &

Organelles Posters Ecosystem Functioning Christopher Lane ISOP business meeting

18:00

breakout rooms & breakout rooms &

coffee break coffee break

19:00 keynote lecture: 1 keynote lecture: 2

Johan Decelle Anna Karnkowska 
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 7 

Monday, 26 July 
 
 
14:45-15:00  Welcome address 
 
 
 
 
 
 
 
Chair: David Montagnes 

 
15:00-15:15  Alejandro Jiménez-González (Charles University, Czech  

Republic) 
Metabolic interactions between Monocercomonoides exilis and 
its bacterial community 

 
15:15-15:30  Hazel Farthing (University of Liverpool, United Kingdom) 
   Thermal success of a micro-eukaryotic parasite of amphibians 

 
 

15:30-15:45  Sophie Charvet (American Museum of Natural History,  
United States of America) 
Hidden mixoplankton among the green algae – a quest for 
nutrients? 

 
15:45-16:00 Christopher Paight (University of California Santa Barbara, 

United States of America) 
You are the plastid you steal: prey species ingested impacts 
physiological and transcriptional response in the ciliate 
Mesodinium chamaeleon 

 
16:00-:16:15  Giulia M. Ribeiro (University of São Paulo, Brazil) 

A comparative study demonstrates vertical inheritance and 
maintenance of arsenic resistance metabolism in eukaryotes 

 
16:15-:16:30  Saelin Bjornson (University of British Columbia, Canada) 

Identification of orthologs predictive of trophic mode in 
eukaryotes 

 
 
16:30-17:00  coffee break / breakout rooms to meet speakers 
 
  

 

Session 1: Ecophysiology & Functional Ecology 
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 pa 
 
 
 
Chair: Patrick Keeling 
 
17:00-17:15  Fabian van Beveren (CNRS-Université Paris-Saclay, France) 

Independent size expansions in red algal plastid and 
mitochondrial genomes 
 

17:15-17:30 Kristína Záhonová (Czech Academy of Sciences, Czech 
Republic) 
Single-cell genomics unveils a canonical origin of the diverse 
mitochondrial genomes of euglenozoans 

 
17:30-17:45  Yi-Kai Fang (Charles University, Czech Republic) 

Mitochondrial targeting potential of proteins from 
amitochondriate protist Monocercomonoides exilis 

 
17:45-18:00  Shelby K. Williams (Dalhousie University, Canada) 

Lateral gene transfer mediated loss of mitochondrial function in 
novel metamonads 

 
18:00-:18:15  Yalan Sheng (Ocean University of China, China) 

Case study of the response of N6-methyladenine DNA 
modification to environmental stressors in the unicellular 
eukaryote Tetrahymena thermophila 

 
18:15-:18:30  Alfredo L. Porfírio-Sousa (University of São Paulo, Brazil) 

Single-cell transcriptomics of the testate amoeba Arcella 
intermedia (Arcellinida:Amoebozoa) to elucidate the molecular 
machinery involved in the shell formation process 

 
 
18:30-19:00  coffee break / breakout rooms to meet speakers 
 
 
 
 
 
 
 
 
19:00-19:45  Johan Decelle (CNRS - University of Grenoble Alps 

France) 
Exploring cell-cell interactions in the plankton at the 
subcellular scale 

 
 
 

 

Session 2: Cells & Organelles 

 

Keynote Lecture 1 
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Tuesday, 27 July 
 
 
 
 
 
Chair: Courtney Stairs 
 
15:00-15:15  Xiao Chen (Shandong University, China) 

Gene-sized chromosomes of spirotrich ciliates 
 

15:15-15:30  Jazmin Blaz (CNRS-Université Paris-Saclay, France) 
The genome methylation landscape of ancyromonads, a deep 
branching eukaryotic lineage 

 
15:30-15:45 Karen van Niekerk (University of the Witwatersrand, South 

Africa) 
Reversing the order: the ancient origin of type III metacaspase 
in protists 

 
15:45-16:00 Lael D. Barlow (University of Dundee, Scotland) 

Phylogenetic origins of ubiquitylation revisited 
 

16:00-:16:15 Sergio A. Muñoz-Gómez (University of Cologne, Cologne, 
Germany) 
The phylogenetic context for the origin of a purple-green 
eukaryote 

 
16:15-:16:30  Kira More (University of Alberta, Canada), 

Comparative genomics reveals the widespread nature of an 
unappreciated membrane trafficking pathway in protists 

 
16:30-:16:45  Patricia S. Ara (Institut de Biologia Evolutiva, Spain) 

CRISPR-Cas9 genome editing situates Corallochytrium 
limacisporum as a key taxa to address animal orgins 

 
 
16:45-17:15  coffee break / breakout rooms to meet speakers 
 
 
 
 
 
 
 
 
17:15-19:00  breakout rooms to meet individual poster presenters 

 
 

 

Session 3: Evolution & Molecules 

 

Session 4: Posters 
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Wednesday, 28 July 
 
 
 
 
 
Chair: Johanna Rotterova 
 
15:00-15:15 Lawrence Victor D. Vitug (University City of Manila, 

Philippines) 
Phaeodactylum tricornutum: A master of disguise by its 
pleomorphic nature, a case of phenotypic plasticity 

 
15:15-15:30 Vasily V. Zlatogursky (Saint Petersburg State University, 

Russian Federation) 
   What have we learned about centrohelids in the last 10 years? 
 
15:30-15:45  Débora Raposo (University of Bremen, Germany) 

Population genetics reveals a switch in reproduction mode 
linked to biological invasion of a benthic foraminifera 

 
15:45-16:00 Andreas Suthaus (University of Cologne, Germany) 

Expanding knowledge on the biodiversity, ecological 
adaptations and distribution of vampire amoebae 
(Vampyrellida, Rhizaria) 

 
15:00-:16:15 Daniel Méndez-Sánchez (Charles University, Czech Republic; 

Universidad Nacional Autónoma de México, Mexico) 
Characterization of a new Loxodes species (Karyorelictea, 
Ciliophora) from Mexico and insights in the evolution of the 
nuclear apparatus of genus Loxodes 

 
16:15-16:30  Elizabeth C. Cooney (University of British Columbia, Canada) 

Using single-cell transcriptomics to resolve a new early-
branching dinoflagellate lineage 

 
 
16:30-17:00  coffee break / breakout rooms to meet speakers 

 
 
 
 
 
 
 
 
 
 
 
 

 

Session 5: Populations & Species 
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Chair: Virginia Edgcomb 
 
17:00-17:15  Mahwash Jamy (Uppsala University, Sweden) 

Global patterns and rates of habitat transitions across the 
eukaryotic tree of life 

 
17:15-17:30 Rubén González-Miguéns (Real Jardín Botánico-CSIC, 

Spain) 
On Cyphoderia ampulla and ecological transitions: the 
evolutionary history of the freshwater sailors 

 
17:30-17:45 Megan Gross (University of Kaiserslautern, Germany) 

Effects of different simulated upwelling intensities on protistan 
plankton structures and their grazing behavior in the Peruvian 
Humboldt Current System 

 
17:45-18:00  Jannika Moye (University of Cologne, Germany) 

Transcriptome-informed cell biology reveals the role of 
carbohydrate-active enzymes and unexpected biopolymers in 
microbial protoplast feeders  

 
18:00-:18:15  Anna Busch (University of Cologne, Germany) 

First insights into UVB-induced cellular changes in terrestrial 
microalgae that produce “sunscreen mucilage” 

 
18:15-:18:30 Rebecca J Gast (Woods Hole Oceanographic Institution, 

United States of America) 
Temporal evaluation of Syndiniales infections and diversity in 
open ocean surface waters 

 
 
18:30-19:00  coffee break / breakout rooms to meet speakers 
 
 
 
 
 
 
 
 
19:00-19:45  Anna Karnkowska (University of Warsaw, Poland) 

From genomes to the environment – towards understanding 
the ecology and evolution of phototrophic protists 

 
 
  

 

Session 6: Ecological Transitions & Ecosystem Functioning  

 

Keynote Lecture 2 



 12 

Thursday, 29 July 
 
 
 
 
 
Chair: Sonja Rueckert 
 
15:00-15:15 Maksim Melekhin (Saint Petersburg State University, Russian 

Federation) 
Symbiosis between neglected suctorian ciliate Ophryodendron 
abietinum and unknown gammaproteobacteria 

 
15:15-15:30  Anna-Lotta Hiillos (University of Jyväskylä, Finland) 

Co-infection pattern of two marine apicomplexans and host 
developmental polymorphism 

 
15:30-15:45  Emma L. Betts (University of Kent, United Kingdom) 

Investigation into community-level differences in the bacterial 
microbiota in water voles with Blastocystis colonisation 

 
15:45-16:00 Morelia Trznadel (University of British Columbia, Canada) 

Survey of Pacific Northwest sea anemone microbiomes reveals 
presence of coral-infecting Apicomplexa 

 
16:00-:16:15 Varsha Mathur (University of British Columbia, Canada) 

Parallel functional reduction in the mitochondria of 
apicomplexan parasites 

 
16:15-:16:30 Vittorio Boscaro (University of British Columbia, Canada) 

Mutualism under ecological and evolutionary lenses: the 
essential symbionts of Euplotes 

 
16:30-:16:45 Emma E. George (University of British Columbia, Canada) 
   Gene transfer agents in bacterial symbionts of protists 
 
 
16:45-17:15  coffee break / breakout rooms to meet speakers 

 
 
 
 
 
 
 
 
17:15-18:00 Christopher Lane (University of Rhode Island, United States 

of America) 
 Transmissible cancers or red agal parasites: red algal analogs 

to animal disease 

 

Session 7: Commensals & Parasites 

 

Past ISOP President's Address 
 



 13 

 

Friday, 30 July 
 
 
 
 
 
Chair: Luciana Santoferrara 
 
15:00-15:15 Changyu Zhu (Ocean University & South China Normal 

University, China) 
High salinity gradients and intermediate spatial scales shaped 
similar biogeographical and co-occurrence patterns of 
microeukaryotes in a tropical freshwater-saltwater ecosystem 
 

15:15-15:30  Fernando Useros (Real Jardín Botánico-CSIC, Spain) 
How good are global DNA-based environmental surveys for 
detecting all protist diversity? Arcellinida as a case study 

 
15:30-15:45 Susan A. Smith (University of Connecticut, United States of 

America) 
 Navigating cryptic species boundaries in marine ciliates using 

single-cell ‘omics and genome architecture 
 
15:45-16:00 Jade Shivak (University of British Columbia, Canada) 

The phylogeny and microbial composition of two novel marine 
midges and their benthic habitat 

 
16:00-:16:15  Eke Kalu (University of New Brunswick, Canada) 

Community dynamics of microbial eukaryotes in intertidal 
mudflats in the megatidal Bay of Fundy, Canada 

 
16:15-:16:30  Elisabeth Richardson (University of Alberta, Canada) 

Neutral selection dominates the heterotrophic microbial 
community of a constructed end-pit lake in the Athabasca Oil 
Sands Region 

 
16:30-:16:45 Christopher A. Hempel (University of Guelph, Canada) 

Comparing total RNA sequencing and metagenomics pipelines 
for multi-domain taxonomic profiling: implications for 
ecological assessments 
 

 
16:45-17:15  coffee break / breakout rooms to meet speakers  

 

Session 8: Distributions & Diversity 
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17:15-19:00  Talk/Poster Awards & Membership Meeting   

 

Closing Session 



 15 

Invited Talks 
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Exploring cell-cell interactions in the plankton at the subcellular scale 
 
 
Johan Decelle (Cell & Plant Physiology Laboratory, CNRS - University of Grenoble 
Alps, France) 
 
 
 
The advent of electron microscopy was a formidable tool for the detailed exploration 
of a cell´s structure at nanoscale resolution. Recent methodological advances in 3D 
electron microcopy now offer the possibility to resolve the complex cellular 
architecture of protists in different conditions, including biotic interactions with 
parasites, hosts, symbionts. Morphometric analyses on organelles, vacuoles and other 
cellular compartments can provide essential information on the eco-physiology and 
bioenergetics of the cell. In addition, the physical integration of a symbiont or parasite 
inside a host cell can also be studied in 3D to better understand key mechanisms 
between both cell partners. I will show the potential and applications of subcellular 
imaging combined with photo-physiology and transcriptomics, through different 
examples of symbiotic and parasitic interactions between two cells in the marine 
plankton. A particular focus will highlight the morphological and metabolic 
transformation of an algal cell in symbiosis within a radiolarian host. 
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From genomes to the environment – towards understanding the ecology 
and evolution of phototrophic protists 
 
 
Anna Karnkowska (Institute of Evolutionary Biology, University of Warsaw, 
Poland) 
 
 
 
My team’s first interest is in the evolution of plastids. We are focusing on the diversity 
and evolution of secondary plastids originating from independent endosymbiotic 
events, and the loss of photosynthetic function and indispensable functions of the 
vestigial plastids. To address those questions, we study genomes of independently 
originated secondary plastids of euglenophytes and dictyochophyceans, and primary 
plastids of the green algal genus Prototheca. The comparative analyses of red-
originated and green-originated plastids revealed a surprisingly dynamic and parallel 
evolution in those two lineages. The study of colourless species from primary and 
secondary plastids allowed us to build a comprehensive overview of step-wise plastid 
degradation processes and challenged some of the previous assumptions on the most 
conserved pathways in the vestigial plastids. Secondly, we developed bioinformatic 
approaches to gain better understanding of the environmental distribution of 
photosynthetic organisms. We exploited amplicon data to reveal the distribution of 
photosynthetic euglenophytes, however, the amplicon data do not allow for 
quantification of the investigated organisms. Therefore, we built a machine-learning 
tool Tiara to correctly classify eukaryotic and organellar data from metagenomes. I will 
highlight the concept of our approach and the results we obtained with the 
reconstruction of organellar genomes from the metagenomic data. Our third interest 
is the evolution and abundance of microbial rhodopsins, which might be involved in 
signalling and non-photosynthesis-based phototrophy. Our objective is to identify the 
diversity of eukaryotic rhodopsins based on the available data to establish their 
phylogenetic background and detect the LGT events. Additionally, we aim to identify 
undiscovered eukaryotic microbial rhodopsins and understand their origin and role in 
the freshwater environment. We identified microbial rhodopsins and heliorhodopsins 
in a handful of protists genomes and greatly expanded the available database of 
eukaryotic rhodopsins. This allowed us to find putative sensory and proton-pumping 
rhodopsins in freshwater metatranscriptomes. 
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Past ISOP President's Address: Transmissible cancers or red agal 
parasites: red algal analogs to animal disease 
 
 
Christopher Lane (Department of Biological Sciences, University of Rhode Island, 
United States of America) 
 
 
 
Transmissible cancers are rare evolutionary events, where cells from an individual 
escape normal cell division controls but can also be infective to conspecifics. Most 
famously known from Tasmanian Devils, transmissible cancers have also evolved in 
bivalves and canines. Red algal parasites share many of the same characteristics of 
transmissible cancers in animals, but unlike their analogs in animals, they have 
independently evolved from different species over 100 times. Red algal parasites are 
small, host-specific and non-photosynthetic, rendering them reliant upon their 
photosynthetic red algal hosts for carbon and other metabolites. Using both 
morphological and molecular analyses, we examined growth and gene expression of 
the red algal parasite Choreocolax polysiphoniae over its lifecycle infecting Vertebrata 
lanosa. Morphological analyses confirmed the simultaneous development of internal 
and external parasite structures and the creation of a nutrient gradient from 
uninfected host to parasite that prevents localized cell death, allowing C. 
polysiphoniae to reach reproductive maturity. Single-cell transcriptomics 
demonstrate that photosynthetic and carbohydrate metabolism are downregulated in 
infected V. lanosa, a crucial step in the establishment of a nutrient gradient. Amino 
acid and nucleotide biosynthesis, fatty acid metabolism, and membrane transporters 
are significantly upregulated throughout C. polysiphoniae development. Similarities 
in growth and metabolic requirements between C. polysiphoniae and animal 
transmissible cancers will be discussed.  
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Contributed Talks 
 
 
 
 
 

In alphabetical order by speaker (name in bold).  
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CRISPR-Cas9 genome editing situates Corallochytrium limacisporum as a 
key taxa to address animal orgins 
 
 
Patricia S. Ara (Institut de Biologia Evolutiva, Spain), Elena Casacuberta (Institut 
de Biologia Evolutiva, Spain), Iñaki Ruiz-Trillo (Institut de Biologia Evolutiva, Spain; 
Universitat de Barcelona, Spain; ICREA, Spain), Sebastián R. Najle (Institut de 
Biologia Evolutiva, Spain; Centre for Genomic Regulation, Spain) 
 
 
 
Corallochytrium limacisporum is a crucial taxon to understand the origin of animals, 
since it occupies an early-branching position within the Holozoa clade, the group that 
comprises animals and their closest unicellular relatives. The genome of C. 
limacisporum, similarly to the genomes of other unicellular holozoans, encodes many 
genes whose animal orthologs are crucial for multicellular development and cell 
differentiation. For the time being, the function of those genes in unicellular organisms 
remains unknown. In addition to its pivotal phylogenetic position and rich genetic 
repertoire, C. limacisporum has a peculiar life cycle. We have recently demonstrated, 
by establishing stable transgenesis, that C. limacisporum cells can reproduce by either 
binary fission or facultative coenocytic growth. These findings position C. 
limacisporum as a suitable model for comparative cell biology in the context of 
holozoan evolution. In this work, we took a step forward and established a robust 
protocol for CRISPR-Cas9 genome editing in C. limacisporum. As proof of concept, 
we generated two different types of antibiotic-resistant strains. We used the two main 
DNA repair mechanisms, non-homologous end joining (NHEJ) and homology 
directed repair (HDR). By inducing indel mutations via NHEJ in the fkb12 gene, we 
generated dominant mutations that confer resistance to the antibiotic rapamycin. 
Moreover, we used a series of homology templates to introduce a point mutation in the 
residue H256 of the succinate dehydrogenase subunit B gene, sdhB, via HDR. This 
mutation generates a semi-dominant phenotype of resistance to the antibiotic 
carboxin. We selected clonal colonies from marine agar plates for both types of 
mutants, proving that both strategies can be potentially used for selecting edited lines. 
CRISPR-Cas9 mediated genome editing will allow us to carry out reverse genetic 
screens to functionally characterize relevant candidate genes, by co-editing them while 
concomitantly inducing antibiotic resistance.  
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Phylogenetic origins of ubiquitylation revisited  
 
 
Lael D. Barlow (Division of Biological Chemistry and Drug Discovery, University of 
Dundee, Scotland), Congshan Liu (National Institute of Parasitic Diseases, Chinese 
Center for Disease Control and Prevention, Chinese Center for Tropical Diseases 
Research, China), Pax Zhang (Division of Biological Chemistry and Drug Discovery, 
University of Dundee, Scotland), and Mark C. Field (Division of Biological Chemistry 
and Drug Discovery, University of Dundee, Scotland)  
 
 
 
Ubiquitin and ubiquitin-like proteins play fundamental roles in orchestrating many 
processes of cellular biology, including protein degradation. Typical members of this 
ubiquitin-like (UBL) protein family in eukaryotic cells modify and regulate specific 
target proteins via cascades of associated enzymes which ligate the UBL to the target. 
During eukaryogenesis, eukaryotic UBLs evolved from structurally similar prokaryotic 
UBLs, but the evolutionary relationships between extant eukaryotic and prokaryotic 
UBLs remain unclear. The origin of Ubiquitin Related Modifier 1 (URM1) is of 
particular interest due to its function both as a peptide modifier, like Ubiquitin, and as 
a sulfur carrier, like bacterial UBLs. Here we show that eukaryotic UBLs represent at 
least two distinct branches of the UBL protein family, which predate the divergence of 
archaea from bacteria. Eukaryotic UBLs including Ubiquitin, SUMO, and UFM1 
represent one branch, while URM1 represents another. This refutes the long-standing 
hypothesis that URM1 represents an intermediate stage in the evolution of Ubiquitin. 
Instead, shared functions of Ubiquitin and URM1, including peptide modification, are 
the result of convergence. Our phylogenies provide a framework for understanding 
how protein function evolves in the UBL family. This framework will be instrumental 
in addressing more recent evolution in eukaryotes, and especially unexplored 
functions of UBLs and associated enzymes among protists.   
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Investigation into community-level differences in the bacterial microbiota 
in water voles with Blastocystis colonisation 
 
 
Emma L. Betts (University of Kent, UK), Sumaiya Hoque (University of Kent, UK), 
Lucy Torbe (University of Kent, UK), Jessica L. Bailey (University of Kent, UK), Hazel 
Ryan (Wildwood Trust, UK), Karen Toller (Wildwood Trust, UK), Vicki Breakell 
(Wildwood Trust, UK), Angus I. Carpenter (Nottingham Trent University, UK), Alex 
Diana (University of Kent, UK), Eleni Matechou (University of Kent, UK), Eleni 
Gentekaki (Mae Fah Luang University, Thailand) and Anastasios D. Tsaousis 
(University of Kent, UK) 
 
 
 
The last decade has seen a large increase into research on the microbiome and its roles 
in health and disease, yet to date, the majority of this work has focused primarily on 
the bacterial component of the microbiome. However, there is increasing evidence to 
suggest that microbial eukaryotes colonising the gastro-intestinal tract may have roles 
in the shaping and structuring of the microbiota and are thus likely influence disease 
outcomes and host health. Blastocystis is a microbial eukaryote inhabiting the 
gastrointestinal tract of a broad range of animals including humans. Several studies 
have shown that the organism is associated with specific microbial profiles and 
bacterial taxa that have been deemed beneficial to intestinal and overall health. 
Nonetheless, these studies are focused almost exclusively on humans, while there is 
no similar information on other animals. This investigation was carried out by 
employing a combination of conventional PCR, cloning and sequencing, to assess the 
presence of Blastocystis along with Giardia and Cryptosporidium in 16 captive water 
voles from a wildlife park. Overall, the alpha and beta diversity measures were not 
significantly different between Blastocystis carriers and non-carriers, however, 
differences were noted only on individual taxa with a decline in some taxa including 
Treponema and Kineothrix. In conclusion, unlike similar investigations carried out in 
humans, the lack of significant shifts in community abundance between Blastocystis 
carriers and non-carriers in the water voles indicates that Blastocystis does not seem 
to be associated with specific gut microbial profiles in these animals. 
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Identification of orthologs predictive of trophic mode in eukaryotes 
 
 
Saelin Bjornson (University of British Columbia, Canada), Patrick Keeling 
(University of British Columbia, Canada) 
 
 
 
The last eukaryotic common ancestor was a free-living unicellular protist that preyed 
upon prokaryotes ~2 billion years ago, and has since diverged into multiple eukaryotic 
super-groups. Beginning with the phagocytic uptake of a cyanobacterium ~ 1 billion 
years ago, serial plastid endosymbiosis events throughout multiple lineages, as well as 
subsequent loss of photosynthesis in some of these groups, has created an interesting 
scenario – similar trophic modes (autotrophy, phagoheterotrophy, mixotrophy and 
saprotrophy) are paralleled in eukaryotic groups of extreme evolutionary distance, 
and, alternatively, different trophic modes can be found among closely related taxa. 
With this in mind, we asked: which orthologs are associated with, or predictive of, 
different trophic modes in eukaryotes? Do such orthologs differ across lineages? 
Would these include orthologs beyond those associated with photosynethesis, and if 
so what are their functions? To pursue this, protein datasets have been collected from 
261 species representative of a diverse range of lifestyles from all major eukaryotic 
groups, and clustered into over 200,000 orthologous groups. Various statistical tests 
have been done to a find subset of orthogroups that are significantly enriched in at 
least one trophic group, resulting in 50,000 orthogroups, consisting of over 2 million 
proteins. These have been used to train both random forest classifier and mutlinomial 
logistic regression models, which predict trophy in test species based on the presence 
or absence of these orthogroups. Preliminary results show an ability to discriminate 
between autotrophy, phagoheterotrophy and mixotrophy in closely related taxa with 
high accuracy. From here, orthologs that contribute to the most accurate model will 
be examined with respect to their functions and phylogenetic distributions. This work 
will help decipher the genomic changes associated with evolutionary transitions 
between trophic modes, and a classification model will have additional ecological 
applications in sorting eukaryotic metagenomic data into trophic bins.   
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The genome methylation landscape of ancyromonads, a deep branching 
eukaryotic lineage 
 
 
Jazmin Blaz (CNRS-Université Paris-Saclay, France), Luis Javier Galindo (CNRS-
Université Paris-Saclay, France), Guifré Torruella (CNRS-Université Paris-Saclay, 
France), Naoji Yubuki (CNRS-Université Paris-Saclay, France), Maria Ciobanu 
(CNRS-Université Paris-Saclay, France), Aaron Heiss (American Museum of Natural 
History, USA), John Burns (American Museum of Natural History, USA),  Eunsoo Kim 
(American Museum of Natural History, USA), Purificación López-García (CNRS-
Université Paris-Saclay, France), David Moreira (CNRS-Université Paris-Saclay, 
France), Laura Eme (CNRS-Université Paris-Saclay, France) 
 
 
 
The DNA methylation marks of a cell, known as the methylome, impact the local 
activity, stability and evolution of the genome underlying a great extent of the 
complexity and diversity displayed by eukaryotes. Among the eukaryotes, the 
methylation landscapes and the pathways responsible for them have diversified across 
the different phylogenetic supergroups. However, the paucity of reference genomes of 
microbial eukaryotes continues to limit our understanding of the evolution of and 
diversity of these regulatory mechanisms throughout the tree of eukaryotic life. To 
reduce this gap, here we aimed to generate the first reference genomes of seven diverse 
representatives of the deep-branching and orphan lineage Ancyromonadida. For this, 
we combined short- and long-read sequencing of DNA extracted from raw cultures but 
also following Fluorescent Activated Cell Sorting and Whole Genome Amplification. 
Furthermore, we used bisulfite sequencing to characterize the overall level and 
distribution of 5-methylcytosine marks across these genomes. Our preliminary results 
point to variable genome sizes (from 25 to 70 Mbp) and total interspersed repeat 
content (from 1.2 to 19.6%) among the ancyromonad species. By contrast, we found 
similar global levels of methylation (from 1.4 to 1.93% of methylated cytosines), 
present in all three sequence contexts (CG, CHG, CHH). A first exploration of the 
methylation level profiles of gene bodies as well as their adjacent regions showed that 
Ancyromonas sigmoides presents a drop into the methylation level of the transcription 
starting sites and the transcription ending sites, similar to what has been described in 
some animal and plant model species. By contrast, the average level of methylation in 
and around transposable elements does not display any clear pattern suggesting a 
different role of the DNA methylation marks other than transposon silencing. A 
further examination of the DNA methylation toolkit as well as the integration of 
transcriptome data will help us to shed light into the role and evolution of this key 
component of the eukaryotic epigenome. 
 
  



 25 

Mutualism under ecological and evolutionary lenses: the essential 
symbionts of Euplotes 
 
 
Vittorio Boscaro (University of British Columbia, Canada), Mitchell Syberg-Olsen 
(University of British Columbia, Canada), Vittoria Manassero (University of Pisa, 
Italy), Daniele Giannotti (University of Pisa, Italy), Nicholas Irwin (University of 
British Columbia, Canada), Claudia Vannini (University of Pisa, Italy), Patrick Keeling 
(University of British Columbia, Canada) 
 
 
 
Symbiotic relationships are classified in various ways, but most commonly by the 
effect that partner organisms have on each other’s fitness, in a continuous range from 
parasitism to mutualism. It is not always easy to confidently place a symbiotic system 
within this spectrum, for reasons including the difficulty to measure fitness effects, or 
the fact that they might be context-dependent. If any models embody our classical view 
of mutualism, however, it’s mutually obligate symbioses, where partners are so 
integrated that they cannot survive without the other. Here, we show how even these 
cases can be far from clear-cut, summarizing our findings on the ciliate Euplotes. An 
entire clade of freshwater Euplotes species fully depend on intracellular bacteria, who 
in turn cannot survive without the host due to their reduced genomes and depleted 
metabolism. The symbiosis is ancient and essential, reminiscent of the well-known 
relationships between sap-feeding insects and their nutritional symbionts. However, 
in this case we proved that while the host needs certain bacteria to survive, it is not 
constrained by any specific bacterial strain – in fact, Euplotes have disposed of and 
replaced their symbionts multiple times in the course of evolution. Additionally, the 
evidence we collected show that it is highly unlikely for any descendent of the original 
symbiont to still exist. And finally, new findings suggest that the turnover might not 
happen over millions of years or millennia, but rather years or decades. What on the 
short-term looks like a well-integrated, mutualistic system is in fact an evolutionary 
dead end for the symbiont, where all the long-term benefits are reaped by the host. 
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First insights into UVB-induced cellular changes in terrestrial microalgae 
that produce “sunscreen mucilage” 
 
 
Anna Busch (University of Cologne, Germany), Sebastian Hess (University of 
Cologne, Germany) 
 
 
 
Terrestrial microalgae evolved a number of photoprotective mechanisms, including 
the production of sunscreen compounds. Such compounds shield the cells from excess 
radiation and thus prevent photodamage. Here, we present conjugating green algae 
(Zygnematophyceae) of the new genus Serritaenia, whose members produce 
extracellular mucilage with a striking pigmentation. These algae are relatively closely 
related to land plants and show a fascinating ecology, widespread distribution, and a 
previously unrecognised diversity. The pigmented mucilage in ‘Serritaenia’ can be 
experimentally induced by artificial ultraviolet B radiation (UVB) and effectively 
absorbs harmful wavebands. Several pieces of evidence suggest that Serritaenia’s 
mucilage represents an elaborate photoprotective adaptation. To further explore the 
cell biology behind this phenomenon and to compare the processes in ‘Serritaenia’ to 
those in land plants, we conducted a comparative transcriptomics experiment. We 
generated a high-quality de novo transcriptome from short read RNA-seq data and 
performed comparative transcriptomics across two conditions, namely under light 
with and without UVB, respectively. First insights into the global expression changes 
associated with the UVB treatment reveal that our experimental setup triggered a 
specific photomorphogenic reaction in the algae. For example, the UVB treatment led 
to pronounced expressional changes in the phenylpropanoid pathway, and in factors 
that are known to be involved in UVB perception in land plants. 
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While mixoplankton likely play a major role in microbial food webs by combining 
photosynthesis and phagotrophy, their diversity and ecology remain poorly 
understood. Recent studies indicate that species of green algae can consume bacteria. 
To further explore the occurrence of bacterivory in this lineage, we conducted feeding 
experiments with live and heat-killed fluorescently labeled bacteria and magnetic 
beads. In parallel, we used a gene-based prediction model to identify the genomic 
potential for specific trophic modes. Ingestion of bacteria was detected in five strains 
of prasinophytes when provided with live bacteria: Pterosperma cristatum NIES626, 
Pyramimonas parkeae CCMP726, Pyramimonas parkeae NIES254, Nephroselmis 
pyriformis RCC618, and Dolichomastix tenuilepis CCMP3274. However, feeding was 
not detected when heat-killed bacteria or magnetic beads were provided, suggesting a 
strong prey selectivity in the strains tested. The model predictions agreed with these 
results, confirming the genomic potential for phagotrophy in these strains or close 
relatives. Genomes from other green algae, such as Mesostigma, also resulted in high 
prediction scores for phagotrophy. As higher proportions of feeding cells were 
observed when growth medium contained low amounts of nutrients, P. cristatum 
NIES626 and N. pyriformis RCC618 were studied in more detail to investigate the 
regulation of phagotrophy. For P. cristatum, feeding increased early and the culture 
was able to maintain growth, while N. pyriformis growth in nutrient limited 
conditions was reduced and feeding only increased as the culture was crashing. 
Differential expression of phagotrophy-related genes from the prediction model, 
further highlights the changing behaviors of the two strains under nutrient limitation. 
Our observations underline the likelihood of widespread occurrence of phagotrophy 
among green algae, but the preference for live prey and the modulation of the feeding 
behavior according to dissolved nutrient availability explain why green algal 
mixoplankton might have been overlooked in laboratory and environmental studies. 
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Gene-sized chromosome (nanochromosome) is a distinct feature for macronuclear 
(MAC) genome of a group of ciliated protists (mostly spirotrichs). Protistologists have 
been fascinated by their incredible compact chromosome size and have kept 
wondering how this nanochromosome works in cells and where it comes from. Here, 
we summarize our recent findings on the nanochromosomes in MAC genomes of 
spirotrichs, including Euplotes, Strombidium and Pseudokeronopsis. We assembled 
the complete nanochromosomes (capped with telomeres on both ends) and reported 
their detailed architecture. Combined with Euplotes micronuclear (MIC) genomic 
data, we revealed a novel development pattern of MAC nanochromosomes from MIC 
genome. To understand the transcription regulation process on these 
nanochromosomes, we identified conserved AT-rich sequences within short 
subtelomeric regions and further associate these cis-regulatory elements with active 
gene expression. Based on the gene family evolution analysis, nanochromosomes may 
originated approximately 900 million years ago. The genome resources we generated 
are available at Ciliate Genome Databases (ciliates.org). Together, our work reveals 
novel insights into the architecture, development, transcription, and evolutionary 
origin of gene-sized chromosomes. 
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Dinoflagellates are an abundant and diverse group of protists that possess many 
cellular characteristics with unresolved evolutionary histories. These features include 
a unique nucleus containing an expansive genome packaged using histone-like 
proteins and dinoflagellate-viral nucleoproteins instead of histones, reduced 
mitochondrial genomes, and diverse plastids, both photosynthetic and cryptic, from 
secondary and tertiary acquisition events. The investigation of ancestral states and 
intermediates is required to resolve the evolutionary origin of these traits. In 
dinoflagellates, many of the early-branching lineages that could shed light on these 
evolutionary transitions are fragile and environmentally sparse, making such 
exploration difficult. Here, we manually isolate two cells of one such genus, 
Abedinium, collected from the deep waters adjacent to Monterey Bay, CA, and use 
single cell transcriptome sequencing to resolve the placement of this lineage. One of 
these cells is revealed to be a new species, which we characterize as Abedinium folium 
sp. nov., while the second cell is identified as Abedinium dasypus. Based on 
phylogenetic analyses of small subunit ribosomal RNA, the only gene characterized 
from any member of the order in previous studies, Abedinium has been assigned, with 
weak support, to the early-branching dinoflagellate subgroup Noctilucales. However, 
in the present study, an analysis of 221 protein-coding obtained from transcriptome 
sequencing places Abedinium as a lineage separate from and basal to Noctilucales and 
the rest of the core dinoflagellates. Transcripts recovered from plastidial isoprenoid, 
iron-sulfur cluster, and heme biosynthesis pathways suggest the presence of a 
functioning cryptic plastid. All three expected mitochondrial protein-coding genes 
(cob, cox1, and cox3), as well as some but not all dinoflagellate-specific chromatin 
packaging protein transcripts were also uncovered. 
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Monocercomonoides exilis, a protist thriving in chinchilla’s intestines, lacks according 
to all available data any form of mitochondrion. This absence is believed to be the 
result of a relatively ancient secondary loss rather than an ancestral feature. We have 
decided to use this organism as a model to answer a question on how frequently 
proteins capable of mitochondrial targeting arise under neutral evolution, i. e. in the 
situation of no selective pressure for or against this feature. To address this problem, 
we are systematically detecting proteins from the complete M. exilis proteome, which 
are recognized and imported into hydrogenosomes of Trichomonas vaginalis. We 
have developed a bulk in vitro importation assay of urea-linearized M. exilis cytosolic 
protein into hydrogenosomes and tested it using HA-tagged T. vaginalis frataxin as 
positive control. After incubation, hydrogenosomes were repurified, treated with 
proteinase K and washed to remove organelle associated contaminants. 38 M. exilis 
proteins were identified in the cleaned hydrogenosomes by mass spectrometry of 
which 32 were conserved in 3 independent samples and 20 of them were not been 
detected in the negative control. These are now being validated by expressing in T. 
vaginalis under a weak promotor with a C-terminal HA tag. In four of nine finished 
cases, the immunofluorescence showed a co-localization with hydrogenosomal 
protein, malic enzyme. Western blot detected a minor hydrogenosomal signal in seven 
cases, and in four of them it remained after proteinase K treatment suggesting these 
proteins are imported inside the vesicle. The interim results suggest that 
amitochondriate cell of M. exilis does not contain proteins preadapted for specific and 
efficient import into hydrogenosomes but some highly expressed metabolic enzymes 
are able to leak in. We believe that this phenomenon may play a role in the establishing 
of the organelle during endosymbiosis. 
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Thermal success of a micro-eukaryotic parasite of amphibians 
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Understanding how taxa respond to temperature is fundamental to help mitigate 
environmental change. To this end, thermal performance curves (TPCs) are used as a 
key component of models that assess the impacts of temperature change. TPCs are also 
examined to understand how taxa evolve. As such, TPCs are often compared to 
determine trends across widely divergent taxa. Rarely, however, are they examined 
across closely related taxa, despite the potential insights this approach may provide 
for understanding the initial stages of adaptation and for developing climate change 
models. Montagnes et al. (in review) have examined TPCs within the genus 
Tetrahymena and found that species do not follow current predictions associated with 
how TPCs should differ across taxa. Here we extend this approach to assess if strains 
within a single species follow the trends Montagnes et al. suggest occur for species 
within a genus. Specifically, we apply this analysis to a micro-eukaryotic parasite of 
amphibians, Batrachochytrium dendrobatidis (Bd), ‘the worst infectious disease ever 
recorded among vertebrates’. As Bd is predicted to invade new locations as 
temperature rises, our work has substantial relevance to conservation. Our aims are 
twofold: 1) to assess potential evolutionary trends within a species and 2) to develop 
predictive functions as to how TPCs vary within this one ecologically important 
species. 
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Parasitic protists belonging to the marine alveolate order Syndiniales (phylum 
Dinoflagellata) are predicted to be both abundant and ubiquitous in coastal and open 
ocean environments based upon many surveys of eukaryotic small subunit ribosomal 
RNA (SSU rRNA) gene amplicons. The ecological importance of Syndiniales infections 
have been studied primarily in estuaries with respect to single host species, such as 
crustacea or harmful algal bloom (HAB) species. There is minimal data on the 
prevalence of free parasite dinospores and host infections in whole planktonic 
communities under normal conditions outside of HAB bloom events. In this study we 
used CARD-FISH and ribosomal amplicon sequencing to examine Syndiniales in 
surface waters collected at the Martha’s Vineyard Coastal Observatory (MVCO). 
Samples were collected approximately once a month between September 2019 and 
October 2020. CARD-FISH hybridization using the ALV01 probe (targets Group II 
syndiniales) indicated that infected hosts could be detected year-round. They were 
most prevalent in summer, but only represented infection of ~3.5% of the eukaryotic 
phytoplankton. Free dinospores were also present throughout the year and often 
showed peaks in abundance during periods of higher host infection, but there were 
several times where they were prevalent during very low observed host infections. SSU 
rRNA gene amplicon analysis revealed that syndinian amplicons were <10% of the 
total amplicons in each sample, and that Group I clade 1 sequences (not detected with 
ALV01 probe) were the most prevalent through the time series, with Group II the 
majority in only 5 samples. This data suggests that at the open ocean MVCO site, 
Group I Syndiniales may play a large role in planktonic infections. The results also 
suggest that infections can occur in host populations that are well below bloom 
abundances, raising new questions about the survival of free dinospores and their 
ability to find susceptible hosts. 
  



 33 

Gene transfer agents in bacterial symbionts of protists 
 
 
Emma E. George (University of British Columbia, Canada), Daria Tashyreva 
(Institute of Parasitology, Czech Republic), Waldan K. Kwong (University of British 
Columbia, Canada), Noriko Okamoto (Hakai Institute, Canada), Ales Horak (Institute 
of Parasitology and University of South Bohemia, Czech Republic), Filip Husnik 
(Okinawa Institute of Science and Technology, Japan), Julius Lukes (Institute of 
Parasitology and University of South Bohemia, Czech Republic) and Patrick J. Keeling 
(University of British Columbia, Canada) 
 
 
 
Gene transfer agents (GTAs) are bacterial encoded, virus-like structures that package 
and transfer bacterial DNA from donor to recipient cells. Here, GTA gene clusters were 
discovered in the highly reduced genomes of bacterial endosymbionts from marine 
diplonemids. Diplonemids are abundant in shallow and deep ocean microbial 
communities, but much of their ecology and the functions of their bacterial symbionts 
are understudied. Homologs of the GTA capsid and portal complexes were present in 
all diplonemid endosymbionts (Alphaproteobacteria, Rickettsiales and 
Rhodospirillales), but the lack of tail components suggest a potentially reduced GTA 
structure or a highly divergent tail structure. Evidence of GTA expression was found 
in metatranscriptomes of the diplonemid hosts and their endosymbionts, but no GTA-
like structures were observed with transmission electron microscopy. A bioinformatics 
analysis of closely related taxa revealed that the pattern of retained GTA head/capsid 
complexes with missing tail genes was common in other Rickettsiales and 
Rhodospirillales endosymbionts of animals and microbial eukaryotes. GTAs likely 
increase gene flow and gains of function via horizontal gene transfer in small 
endosymbiont populations, or, alternatively, the structures may be repurposed in 
endosymbionts for host interactions. Overall, the widespread conservation of GTAs in 
reduced endosymbionts suggests these structures play a potential role in symbiosis.  
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Ecological transitions, the transgression of the ecological boundaries that separate 
major biomes, play a key role in shaping the current biodiversity. These transitions 
generate ecological opportunities for diversification through adaptation to the newly 
available niches. This diversification may be, but not necessarily, followed by 
phenotypic divergence, thus masking the evolutionary history of the clades. One of 
these major ecological boundaries is the salinity barrier, which separates marine and 
freshwater biomes. The cercozoan testate amoeba genus Cyphoderia (Euglyphida: 
Cyphoderiidae) is known to have transited this barrier; these organisms can be found 
from peat influenced, soft water to supralittoral ecosystems. With their worldwide 
distribution and characteristic test morphology, they represent an excellent model 
group to visualize the evolutionary patterns followed by taxa after ecological 
transitions. Using data taken from barcoded cells (mitochondrial COI and nuclear 
SSU) and SSU rRNA v4 data from EukBank, together with test morphology and 
ecological data we reconstruct the evolutionary history of the ecological transitions of 
the genus. The results allow the characterization of the marine biome as the origen of 
the group, with at least four independent and unidirectional transitions towards 
freshwater, that occurred simultaneously during the Miocene. Furthermore, we show 
that these events were concomitant with a uniformization of shell outline, probably 
constrained by stabilizing selection. 
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The earth offers a wide variety of highly productive ecosystems with Eastern Boundary 
Upwelling Systems (EBUS) as important oceanic environments. The Humboldt 
Current System as one of the four major EBUS is by far the most productive regarding 
fish yield and is therefore of economic importance. Climate change is predicted to 
affect these areas and thereby the marine food webs. Protistan plankton are a key 
component of these ecosystems as they are essential for the transfer of energy between 
different trophic levels. Changes in their community composition and grazing 
behavior could thus result in severe consequences regarding ecosystem functioning. 
In an ocean exposed enclosure experiment that lasted for 26 days and was performed 
at the coast of Peru, the effect of different simulated upwelling intensities (0% - 45% 
referred to as the exchange of nutrient rich deep water) on protist communities was 
investigated. In this time series, changes in the protist community composition were 
investigated with the DNA-Metabarcoding approach. To determine whether different 
simulated upwelling intensities affect trophic interactions, the grazing of protists on 
bacteria was monitored using the tracer technique with fluorescently labeled 
microspheres. In the presentation the results will be discussed and conclusions will be 
drawn on the possible consequences of a changing environment for protists and their 
contribution to trophic transfer efficiencies in marine food webs. 
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Ecological assessments are necessary to evaluate the status of our deteriorating 
ecosystems, however, assessment methods traditionally omit most microbes because 
unicellular organisms are challenging to identify. This omission is not ideal, as 
microbes might be better indicators for changes in environmental conditions than taxa 
traditionally used. DNA- and RNA-based techniques are increasingly applied for 
ecological assessments to overcome this challenge but require more testing and 
optimization. In this study, we compare metagenomics and total RNA sequencing 
(total RNA-Seq) for their taxonomic profiling performance for microbial communities. 
We applied both techniques on two sample sets, 1) a commercially available microbial 
mock community consisting of eight bacterial and two eukaryotic species, and 2) an 
aquarium water sample. We processed the data using 1,532 bioinformatics pipelines 
and evaluated each workflow, i.e., the combination of sample type (metagenomics or 
total RNA-Seq) and pipeline, in terms of their accuracy and precision. This talk will 
showcase preliminary results and highlight differences in workflow performances. A 
recommended workflow to maximize taxonomic profiling accuracy of microbial 
communities will also be presented. 
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The marine polychaete worm Pygospio elegans displays polymorphism in the larval 
developmental mode, producing either planktonic larvae, capable of dispersal, or 
benthic larvae remaining in their population of origin. It is unclear what causes this 
polymorphism as neither a genetic nor an environmental basis for it has been 
determined. Based on our previous studies, it is known that at least three 
apicomplexans infect P. elegans gut. The aim of this study was to investigate co-
infection patterns of the gregarine Seleidium pygospionis and an undescribed 
agamococcidian in three P. elegans populations with different modes for larval 
development: Cramond Beach, Scotland (only planktonic larvae), Vellerup, Denmark 
(both larvae) and Herslev, Denmark (only benthic larvae). Apicomplexan prevalence 
and infection loads were determined using ddPCR with primers targeting species 
specific COX1. Prevalence of both apicomplexans was highest in the planktonic larvae 
producing population (Cramond Beach). Agamococcidian prevalence was high in all 
populations, ranging from 80 to 95%. Interestingly, S. pygospionis prevalence was 
only 10% in the benthic larvae producing population (Herslev), 20% in Vellerup (both 
larvae) and significantly higher (76%) in Cramond Beach. Mean infection load of each 
protist was also highest in Cramond Beach. The fitness effects or the nature of the 
interaction of these protists with their host are not known. However, our findings 
suggest that the presence of the gregarine could be associated with the variation in 
larval developmental modes, eventually indicating an impact on the life history 
evolution of the host, but further studies are required. 
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The colonization of new habitats has played a fundamental role in the evolution of life. 
One of the most difficult habitat boundaries to cross is the so-called salt barrier -- the 
boundary between saline marine habitats and terrestrial (i.e. fw and soil) habitats, 
because adapting to a new salinity requires the evolution of multi-gene pathways. 
Traditional views suggest that microbial eukaryotes, like plants and animals, rarely 
transition across the marine-terrestrial boundary. However, this view is based on 
Sanger sequencing of limited taxonomic groups, and the recent discovery of several 
closely related marine and terrestrial lineages suggests that the strength of the salt 
barrier is not as formidable as previously envisioned. The role of the salt barrier in 
shaping eukaryotic evolution at the global phylogenetic scale is thus unclear. Here, we 
investigate habitat evolution across the tree of eukaryotes using a unique set of taxon 
rich phylogenies inferred from long-read and short-read metabarcoding data. Our 
results show that overall marine and terrestrial microbial communities are 
phylogenetically distinct, but multiple transitions between the two habitats have 
occurred in each major eukaryotic group. Some groups have experienced high rates of 
transitions, most notably fungi, diatoms, and chrysophytes. At the deepest 
phylogenetic levels, ancestral state reconstruction analyses revealed that eukaryotes 
likely first evolved in non-saline habitats and that the two largest eukaryotic 
assemblages (Amorphea and TSAR) likely arose in different environments. Overall, 
our findings indicate that crossing the salt barrier has played an important role in 
eukaryotic evolution by providing new ecological niches to fill. 
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Over the last years, Monocercomonoides exilis (Metamonada: Preaxostyla) has gained 
attention from the scientific community for being the first known truly secondarily 
amitochondriate eukaryote. This characteristic makes M. exilis an excellent model to 
study the implications of mitochondrial reduction from a cellular and evolutionary 
point of view. However, in order to keep M. exilis in vitro, it needs to be grown with 
an undescribed prokaryotic community. If the prokaryotes are removed from the 
culture, M. exilis dies rapidly, making any experiment difficult. We would like to 
understand in more detail the nature of M. exilis interactions with prokaryotes in the 
culture. Using a metagenome sequencing of different time points during the culture 
growth, we were able to describe the composition and succession of the bacterial 
community. This community consists of at least 30 different bacteria, 24 of them were 
possible to separate into metagenome-assembled genomes (MAGs). An estimation of 
the relative abundances showed that M. exilis represent only a small fraction of the 
whole community during the whole period, while the representation of the dominant 
bacterial members changes through time. We performed a genome-scale metabolic 
(GSM) reconstruction of M. exilis and the 24 different bacterial MAGs. These GSM 
reconstructions allow us to predict the possible metabolic interactions within this 
community, including the compounds that mediate them.     
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Microbial eukaryotes (ME) are ubiquitous in all environments and perform 
fundamental roles in energy transfer between trophic levels and global biogeochemical 
cycling. Yet, our understanding of ME continues to lag behind their prokaryotic 
counterparts. Furthermore, the community dynamics of ME are poorly characterized 
in coastal sediments like those of mudflats in the megatidal Bay of Fundy, Canada. Our 
DNA metabarcoding (V4-18S rRNA) study investigated the taxonomic composition 
and trophic functional dynamics of ME communities at different sediment depths (top 
7 cm) in two intertidal mudflats. Microbial eukaryotes accounted for 52% of total 
amplicon sequences (abundance measure) and 82% of amplicon sequence variants 
(diversity index), highlighting their important role in mudflats. Spatial variability in 
the composition of the ME communities generally decreased from June to October, 
while temporal variability was generally at its peak at the sediment surface. 
Functionally, free-living heterotrophs accounted for 27-37% of the total dissimilarity 
between communities, photoautotrophs for 22-32%, mixotrophs for 15-25%, and 
parasites for 11-18%. Taxonomically, cercozoans, diatoms and core dinoflagellates 
accounted for 70% of amplicon sequences, on average, and much of the total 
dissimilarity between communities. The dynamics of the ME communities were 
weakly associated with sediment physicochemical properties, suggesting the influence 
of other factors like biotic interactions and neutral processes. Our study establishes a 
baseline of the dynamics and previously unexplored diversity of the ME assemblages 
in the mudflats of the Bay of Fundy. This is a crucial step towards understanding how 
environmental changes in coastal ecosystems could impact microbial eukaryote 
communities, their ecological roles, and therefore the diverse macroscopic 
communities they support. 
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Gregarines are an early-diverging lineage of apicomplexan parasites that hold many 
clues into the origin and evolution of the group, a remarkable transition from free-
living phototrophic algae into obligate parasites of animals. Using single-cell 
transcriptomics targeting understudied lineages to complement available sequencing 
data, we characterized the mitochondrial metabolic repertoire across the tree of 
apicomplexans. In contrast to the large suite of proteins involved in aerobic respiration 
in well-studied parasites like Toxoplasma or Plasmodium, we find that gregarine 
trophozoites have significantly reduced energy metabolism: most lack respiratory 
complexes III and IV, and some lack the electron transport chains (ETCs) and 
tricarboxylic acid (TCA) cycle entirely. Phylogenomic analyses show that these 
reductions took place several times in parallel, resulting in a functional range from 
fully aerobic organelles to extremely reduced “mitosomes” restricted to Fe-S cluster 
biosynthesis. The mitochondrial genome has also been lost repeatedly: in species with 
severe functional reduction simply by gene loss but in one species with a complete ETC 
by relocating cox1 to the nuclear genome. Severe functional reduction of mitochondria 
is generally associated with structural reduction, resulting in small, nondescript 
mitochondrial-related organelles (MROs). By contrast, gregarines retain distinctive 
mitochondria with tubular cristae, even the most functionally reduced cases that also 
lack genes associated with cristae formation. Overall, the parallel, severe reduction of 
gregarine mitochondria expands the diversity of organisms that contain MROs and 
further emphasizes the role of parallel transitions in apicomplexan evolution. 
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Suctoria is the most enigmatic and, at the same time, understudied group of ciliates. 
They have cilia only at the swarmer stage whereas trophonts have peculiar tentacles 
for prey catching. Researches on Suctoria always goes hand in hand with many 
obstacles such as problematic sampling and complicated maintenance. And there is 
no surprise that bacterial symbionts, which often inhabit different cell compartments 
of many ciliates, were not sufficiently studied in Suctoria. Ophryodendron abietinum, 
the member of suctorian suborder Vermigemida, has not been noted for over 100 years 
since the last description by Martin (1909). During the summer seasons of 2018-2021 
we managed to find several cells of O. abietinum on hydroid Obelia longissima in the 
White Sea. Feulgen staining revealed many feulgen-positive bodies, which varied in 
number between cells with no correlation to the stage observed.  Further TEM analysis 
showed the presence of particular bacteria, localized into several large vacuoles. These 
bacteria were proliferating inside the vacuoles and were even sometimes noticed in the 
cytoplasm. Each bacterial cell had several electron-dense particles, reminiscent of 
forming phages. Ophryodendron could possibly regulate the bacterial load by ejection 
vacuole content through cytoproct. We obtained 16S rRNA gene sequence of O. 
abietinum symbionts. According to conducted phylogenetic analysis, these bacteria 
are the members of the unnamed group in Oceanospirillales order of the class 
Gammaproteobacteria. Phylogenetically closest sequences belong to uncultured 
bacteria sampled in metagenomic studies and never been seen by researchers. 
Wherein several other intracellular bacterial symbionts inhabiting mussel gills 
clustered at the sister branch. Thus, it is the first molecular characterization of the 
bacterial symbionts in Suctoria, which also could represent the new family in the well-
studied group of Gammaproteobacteria. 
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Karyorelictids are a group of ciliates inhabiting marine and freshwater biotopes and 
possessing a non-dividing macronucleus. We described a new freshwater species 
based on morphology and the 18S rRNA gene sequence data, which can be 
distinguished from its congeners by the arrangement of the nuclear apparatus and 
features of the buccal and somatic ciliature. The current proposed 18S rRNA 
phylogeny of Loxodes shows two morphologically well-supported groups. Group A (L. 
rostrum, L. vorax and the new species), includes species with a single nuclear group 
(two macronuclei and one micronucleus), in contrast to species of group B, which 
possess more than one nuclear group (L. striatus, L. magnus, L. kahli, L. penardi, and 
L. rex). We propose that the last common ancestor of Loxodes was a marine 
Remanella-like species possessing a single nuclear group. The division and 
differentiation of the micronucleus into a new macronucleus and the retention of the 
old macronuclei, independently of cell division, may have been two crucial processes 
during the evolution and diversification of Loxodes species. Acknowledgments: DMS 
was supported by the Posgrado en Ciencias Biológicas, UNAM, and by CONACyT for 
the scholarship no. 630804.We thank the staff of Parque Natural Ecoturístico Tziscao, 
Chiapas, Mexico for giving us the permission to collect samples. Special thanks to Biól. 
M. Reyes-Santos† Lab. Protozoología, UNAM for her assistance with the protargol 
impregnation; to Biól. V. M. Romero-Niembro for assisting with the DNA isolation, 
and to F. P. A. B. Bieler-Antolín for assisting with photomicrographs. 
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The majority of eukaryotic cells share a common suite of endomembrane components, 
including the Golgi apparatus, endoplasmic reticulum, nucleus, and endolysosomal 
system. Other organelles, such as lysosome-related organelles (LROs), can confer 
unique functions in specific cell types or tissues of multicellular eukaryotes. These 
organelles are heterogenous in biogenesis and function, but have the common feature 
of deriving most of their components through the endolysosomal system. Some protist 
organelles have been suggested to be LROs, including the acidocalcisomes of 
trypanosomatids, the extrusomes of Tetrahymena, and the post-lysosomes of 
Dictyostelium; however, the molecular machinery associated with these organelles is 
largely unknown. The Biogenesis of Lysosome-related Organelle Complexes (BLOCs) 
are three protein complexes that are united through causing the human genetic disease 
Hermansky-Pulak Syndrome, which results in disordered trafficking of proteins 
normally targeted to certain animal-specific LROs. The BLOCs have been best 
characterized and largely found in animals, but a few of the 13 components have 
previously been reported in other lineages, raising the possibility that these complexes 
are more widely distributed. Using comparative genomics methods, we investigated 
the distribution of the BLOCs using an updated and comprehensive selection of 
genomes and transcriptomes. Though known functions of these complexes are 
restricted to animal-specific LROs, we show that BLOCs are widely distributed—but 
not widely conserved—across the diversity of eukaryotes. We reviewed the published 
distributions of known BLOC interactors, which suggest the presence of a widespread 
but previously unappreciated membrane trafficking pathway in protists and hints at 
potential evolutionary connections with other, better studied membrane trafficking 
machinery. 
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Orciraptor agilis (Viridiraptoridae, Cercozoa) is a heterotrophic amoeboflagellate that 
feeds on dead cells of diverse freshwater algae, thereby acting as a microbial scavenger. 
It attaches to the prey cell, perforates the cell wall, and subsequently extracts the 
protoplast. Although its specialized lifestyle has been well described, the molecular 
basis of this complex behavior remains largely unknown. Based on differential 
expression analyses, we conduct ‘transcriptome-informed cell biology’ to uncover 
some of the molecular players involved in attachment and cell wall dissolution. 
Orciraptor expresses a large set of lytic carbohydrate-active enzymes and 
carbohydrate-binding modules, some of which are highly upregulated upon contact 
with the prey cell. We demonstrate that the highest expressed glycoside hydrolase 
(family GH5.5) shows endocellulase activity, and localize this enzyme by 
immunofluorescence microscopy with custom antibodies in the Orciraptor cell. 
Expression patterns, biochemical properties and cellular localization suggest that 
GH5.5 from Orciraptor is one of the main drivers involved in the dissolution of the 
prey cell wall. Furthermore, we will present preliminary data about a chitinous 
substance that is deposited on the prey cell wall by Orciraptor and potentially acts as 
adapter material. 
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Symbioses between eukaryotes and anoxygenic photosynthesizers are exceedingly rare 
in nature; only two examples have ever been reported. One of these, the 
ciliate Pseudoblepharisma tenue, provides an intracellular niche to both purple 
bacteria and green algae. Because of such an unusual combination of disparate 
physiologies, P. tenue is physiologically complex. However, P. tenue also appears to be 
ecologically specialized as it combines anoxygenic photosynthesis and phagotrophic 
predation in organic-rich and hypoxic sediments. To gain further insights into the 
origin of the P. tenue symbiotic consortium, we focused next on its closest relatives. 
Alongside the purple-green P. tenue in Simmelried pond samples, we found a purely 
green ciliate similar to P. tenue, also known as P. tenue var. chlorelligera. The green 
ciliate has its cytoplasm packed with green algae and, in contrast to P. tenue, also 
harbors two different kinds of colorless intracellular bacteria. Phylogenetic analyses 
reveal that the purple-green and the purely green ciliates are sisters, and together are 
tentatively sister to all known Spirostomum species. Moreover, they both share the 
same green algal symbiont related to Chlorella sp. K10, which suggests that this 
symbiosis predates their evolutionary divergence. By contrast, the bacterial symbionts 
of P. tenue var. chlorelligera are distantly related to the purple bacterial symbionts 
of P. tenue, but are closely related to each other, and possibly belong to the sister 
genera Ca. Accumulibacter and Propionivibrio in the Gammaproteobacteria. To 
explain the origin of a unique purple-green symbiosis, we argue based on these 
findings, that a facultatively anaerobic lifestyle predisposed the ancestor of P. tenue to 
acquire sediment-dwelling green algae and purple bacteria. Because the green algal 
symbionts were acquired first, they may have paved the way for the acquisition of 
purple bacteria that used their fermentative byproducts as a source of electrons. Such 
a series of events may help explain why purple symbioses are so rare in nature. 
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A number of eukaryotic protists obtain their ability to photosynthesize through 
kleptoplasty, the retention of photosynthetically active chloroplasts from their prey. 
Organisms capable of kleptoplasty use the photosystems of ingested prey to produce 
sugars that make up a significant amount of the carbon captured and energy demands 
of the host. Kleptoplasty has independently evolved multiple times in diverse lineages, 
but the mechanisms involved in kleptoplasty evolution, acquired plastid maintenance, 
and regulation are not well understood. Here, we focused on the mechanisms that 
enable plasticity--especially the use of plastids from multiple prey types--in 
kleptoplastidic organisms. We fed the kleptoplastidic ciliate Mesodinium chamaeleon 
four different species of cryptophyte prey and used transcriptomics to get insights into 
the metabolism in both well-fed and starved states. Prey species identity had the 
largest impact on ciliate regulation and expression patterns. Interestingly prey identity 
had a larger impact on ciliate expression than whether the ciliate was well fed or 
starved, and the greater the phylogenetic distance between prey types the greater the 
difference in ciliate expression. In part, these differences may have been driven by 
physiological performance of the stolen chloroplasts, as plastid origin affected 
maximum photosynthetic capacity, ciliate growth rates, and tolerance of starvation.  
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The emergence of evolutionary novelties is a central question in evolutionary biology. 
The ability to study the origin and evolution of such novelties has been boosted by 
recent advances in molecular biology and bioinformatics. The shell (test) represents 
an evolutionary novelty in Arcellinida (Amoebozoa), one of the eukaryotic testate 
amoebae groups. Currently, we lack the understanding of the molecular apparatus 
underlying the shell formation process of Arcellinida, which impairs the inference of 
the evolutionary events involved in its origin. Here we report the high sensitivity of the 
Smart-seq2 scRNA-seq method on generating single-cell transcriptomes for A. 
intermedia. The data generated from multiple single-cells offers the basis for 
designing cost-efficient experiments to obtain highly complete transcriptomes useful 
for gene discovery and differential gene expression analysis. Gene expression 
comparison of A. intermedia single-cells in different life cycle stages has enabled us to 
shed light on the molecular machinery involved in the shell formation process. 
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The opening of the Suez Canal in the mid-19th century initiated an invasion of Indo-
Pacific species into the Mediterranean Sea, known as the Lessepian invasion. The 
symbiont-bearing larger benthic foraminifera Amphistegina lobifera is among the 
most successful invaders. After establishing itself in the Levantine Basin, its invasion 
towards the west accelerated in the last few decades and the species now expanded its 
range to Sicily. Considering that invasive species are faced with climatic, physical, 
chemical and biotic parameters that exceed the range they experienced within their 
native habitat, successful invaders can be expected to display a high adaptive potential 
that should be reflected in their population structure. To investigate the lineage 
diversity and phylogeography of the invasive A. lobifera we collected living specimens 
in five locations selected to represent different invasive stages (source, pioneer 
invaders and invasion front) and sequenced a 1400 bp long fragment covering the end 
of the small sub unit (SSU) and the hypervariable internal transcribed spacer (ITS). A 
median joining haplotype network revealed absence of structure within the invasive 
population compared to the Indo-Pacific populations that show latitudinal genetic 
differentiation. This lack of structure is associated with a distinct suppression of the 
normally high level of intraindividual variability among the multiple copies of the 
rDNA gene. This pattern can be explained by abandonment of sexual reproduction in 
the invasive populations, and a shift towards an asexual reproductive mode, which 
prevents recombination and introduction of new alleles and allows for homogenizing 
processes such as ectopic gene conversion among the multiple copies of the rDNA gene 
complex. Either because the new environment is hostile or lacks cues that otherwise 
induce sexual reproduction, this discovery provides a new perspective on the cost of 
invasion, where short-term gain in distribution may be offset by a long-term loss of 
adaptive potential.  
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Arsenic has been a ubiquitous component, usually in low concentrations, in the 
environment since primitive Earth. Because arsenic compounds present a certain level 
of toxicity to all living organisms, it represents a constant environmental pressure on 
life. Bacteria already have their mechanism of resistance to arsenic thoroughly 
described. However, these mechanisms are still somewhat obscure for eukaryotes 
though we know arsenic-resistant lineages in the group. While we currently attribute 
the origin of the arsenic resistance machinery in eukaryotes to lateral gene transfer 
(LGT) from bacteria, only a handful of eukaryotes were deeply studied. In this work, 
we investigate the origin and evolution of resistance to arsenic in eukaryotes using a 
broader phylogenomic framework. We hypothesize that, since arsenic pressure is 
constant throughout Earth's history, resistance mechanisms should be present in 
some way in eukaryotic ancestors. We identified homologs for each of the arsenic 
resistance genes in eukaryotes and traced their possible origin through phylogenetic 
reconstructions. We reveal that: i. an important component of arsenic-resistance 
machinery must have originated before the last common eukaryotic ancestor (LECA); 
ii. The late events of gene duplication and LGT generated new homologs that, in many 
cases, replaced the ancestors. Thus, we accepted our hypothesis of ancestral presence, 
although LGT is an important component in the evolutionary process of these 
resistance mechanisms. The environment of origin and evolution of the first 
eukaryotes is still the subject of intense debate. Thus, the selective pressure imposed 
by arsenic on these organisms is still uncertain. However, as arsenic is constantly 
present in the environment and we found evidence of ancestral eukaryotic homologs 
to these metabolisms, we infer that basic resistance machinery must be ancestral and 
changed throughout the eukaryotic diversification. 
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The Athabasca Oil Sands Region in Alberta, Canada has been substantially affected by 
bitumen extraction. In this study, we follow the reclamation progress of Base Mine 
Lake, a pilot full-scale end pit lake. This man-made lake consists of a water cap 
approximately 10m deep covering approximately 40m of fluid fine tailings. In 2015 we 
identified three majority heterotroph groups of interest dominating the diversity of 
BML: Cercozoa, Ciliophora and Fungi. We use eDNA monitoring to assess the 
community structure of these three clades over three years of ice-free summers (2016-
2018). We found that despite the significant changes in community structure over 
time, there was very little correlation with the environmental variables associated with 
each sample. We also found that each community fit with high correlation to Sloan’s 
Neutral Community Model. This suggests that there is little niche-dependent selection 
and that the heterotrophic communities in end-pit lakes are structured by ecological 
drift rather than positive selection. 
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Rediscovered as a potential epigenetic mark, N6-methyladenine DNA modification 
(6mA) was recently reported to be sensitive to environmental stressors in several 
multicellular eukaryotes. As 6mA distribution and function differ significantly in 
multicellular and unicellular organisms, whether and how 6mA in unicellular 
eukaryotes responds to environmental stress remains elusive. Here, we characterized 
the dynamic changes of 6mA under starvation in the unicellular model organism 
Tetrahymena thermophila. Single-molecule, real-time (SMRT) sequencing reveals 
that DNA 6mA levels in starved cells are significantly reduced, especially symmetric 
6mA, compared to those in vegetatively growing cells. Despite a global 6mA reduction, 
the fraction of asymmetric 6mA with a high methylation level was increased, which 
might be the driving force for stronger nucleosome positioning in starved cells. 
Starvation affects expression of many metabolism-related genes, the expression level 
change of which is associated with the amount of 6mA change, thereby linking 6mA 
with global transcription and starvation adaptation. The reduction of symmetric 6mA 
and the increase of asymmetric 6mA coincide with the downregulation of AMT1 and 
upregulation of AMT2 and AMT5, which are supposedly the MT-A70 
methyltransferases required for symmetric and asymmetric 6mA, respectively. These 
results demonstrated that a regulated 6mA response to environmental cues is 
evolutionarily conserved in eukaryotes. 
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While insects are incredibly diverse and widespread, there are relatively few in marine 
ecosystems. Marine insects are often overlooked due to their enigmatic lifestyles and 
our knowledge of insect microbiomes has been derived from a limited number of 
terrestrial species. Here, I investigate the phylogeny of novel marine midges found on 
Caribbean coral reefs and explore the microbial diversity of the midge larvae and the 
algal mats where they live. Genetic barcodes were used to determine the relationship 
of the larval samples to related taxa, and morphological measurements allowed for the 
comparison of larval characteristics across collection depths. The microbiome of the 
midges was analyzed using 16S and 18S rRNA gene sequencing. The results of this 
study indicated that the midge collections were divided into two distinct clades in the 
genera Pontomyia and Tanytarsus. While the midges were surrounded by algal mats 
containing diverse bacterial communities, the midge larvae had low bacterial diversity 
and 71% of the sequence variants present were not found in the surrounding 
environment. Additionally, an analysis on the microbial eukaryotic communities 
found likely food sources such as diatoms from the surrounding environment and 
identified potential parasitic taxa including apicomplexans, syndinians, 
microsporidians, and ichthyosporeans. The algal mats were composed of filamentous 
red and green algae which harbored a diverse protist community including 
dinoflagellates, diatoms, and radiolarians. These findings improve our understanding 
of marine midges and provide insight into the microbiomes of ecologically important 
insects that have undergone a stark habitat transition over evolutionary timescales. 
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Today, the identification and delineation of ciliate species depends primarily on 
morphologic characterization and the sequencing of DNA barcode regions. However, 
minor differences in morphology and/or select regions of DNA may not reliably 
translate to species-level differences, are often indistinguishable, and cannot clarify 
whether a ciliate is reproductively isolated from existing species. In this study, we 
evaluate the use of traditional diagnostic characters in the delineation of two cryptic 
tintinnid ciliates under the ecologically relevant genus Schmidingerella. In addition, 
the use of single-cell genomics and transcriptomics (single-cell ‘omics) is proposed as 
an additional method for species-level discrimination. The Schmidingerella cryptic 
congeners have nearly indistinguishable differences in lorica morphology, DNA 
barcode regions, and prey preference. However, the single-cell ‘omics approach 
reveals different patterns of genome architecture in the two ciliates, including the 
differential organization of some essential genes, indicating that the two may be 
unable to share genetic information and may thus be reproductively isolated. Overall, 
this suggests that while morphologic and DNA characters of identity are useful in 
taxonomic classification systems, they cannot reliably indicate reproductive isolation 
between closely related species. These preliminary analyses suggest the utility of 
single-cell ‘omics in delineating species boundaries for closely-related or cryptic 
ciliates.  
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The order Vampyrellida comprises predatory amoebae forming a large and genetically 
diverse clade of rhizarian protists. We know that these intricate microbes are 
widespread and feed on various large prey organisms (especially other eukaryotes), 
but their actual diversity, ecological roles and geographic distribution are still 
fragmentarily known. In our new and collaborative project of the ‘Taxon-omics’ 
Priority Programme (German Research Foundation) we examine the vampyrellid 
amoebae in a modern taxonomic light, rediscover old described taxa, characterize new 
taxa, and explore their biodiversity through environmental sequencing. Here, we will 
present some preliminary findings and report on some rediscovered species (e.g. 
Vampyrella closterii and Arachnula impatiens) as well as new taxa. These data 
highlight how fruitful this field of research will prove to be, and how the new project 
will further our phenotypic understanding of widespread and ecologically interesting 
microbes.   



 56 

Survey of Pacific Northwest sea anemone microbiomes reveals presence 
of coral-infecting Apicomplexa 
 
 
Morelia Trznadel (University of British Columbia, Canada), Waldan Kwong 
(University of British Columbia, Canada), Jade Shivak (University of British Columbia, 
Canada), Sam Livingston, Patrick Keeling (University of British Columbia, Canada) 
 
 
 
Apicomplexans are a diverse group of mostly obligate parasites that are found in a 
wide variety of animal hosts. They are characterized by an apical complex, a structure 
consisting of organelles and structures that aid in the cell’s invasion into its host. 
Additionally they are also associated with the presence of a non-photosynthetic plastid 
(or ‘apicoplast’), which contributes to the cell’s metabolic pathways in most 
Apicomplexa. However, a coral-associated lineage known as Corallicolids stands apart 
from other Apicomplexans, as four ancestral genes associated with the synthesis of 
chlorophyll have been found in its apicoplast genome. The retention of these genes 
could hold insight into the evolution of these intracellular parasites from their free-
living phototrophic ancestors. Corallicolids have been found to be associated with a 
wide range of corals, however their presence in other Cnidarians remains 
uninvestigated. We conducted a survey of sea anemone species native to the Pacific 
Northwest, using 18S rRNA sequencing to infer their micro-eukaryotic communities. 
Furthermore, we specifically surveyed for the presence of Corallicolids using 
fluorescence in-situ hybridization and PCR-based detection methods on anemone 
tissues. We find that Corallicolids are indeed present in several anemone species, 
although their prevalence may be variable between individual hosts. These results 
suggest that the microbial communities of anemones are more distinct and complex 
than previously known, and that Corallicolids may be abundant not only in tropical 
corals, where they were first described, but also in temperate hosts as well. 
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Metabarcoding has played an important role in revealing how diverse protists are, and 
how this diversity is distributed across biomes and phyla. Eukbank is a public 
repository of metabarcoding datasets hosted by the European Nucleotide Archive 
(ENA) at EMBL-EBI hosting v4 18S metabarcodes from about 13’000 samples 
distributed worldwide, involving 122 proyects from over 90 research teams. It 
constitutes the greatest collection of eukaryotic metabarcodes and, therefore, a 
reference for environmental eukaryotic diversity, which may be expected to host a 
significant part of global eukaryotic diversity. Here, we explore the diversity of 
Arcellinida (lobose testate amoebae) in that repository in order to (1) discover 
unexpected diversity, but also to (2) compare this diversity with current knowledge 
obtained through organism barcoding. We retrieved 182 OTUs from 227 sampling 
points. Most (138) were found in forest soils, followed by freshwater (63). Surprisingly, 
we also found 8 OTUs in marine ecosystems, where their presence was relatively 
unexpected, revealing thus the existence of an unexpected diversity. Furthermore, 152 
OTUs (84% of total) belonged to suborder Phryganellina, a supposedly species-poor 
clade with about 30 described species. However, the other suborder, Difflugina was 
clearly underrepresented in spite of hosting more than 1000 described species. Some 
infraorders like Longithecina were even absent despite being common and diverse in 
the environment. To understand the reasons for this biases, we explored primer site 
sequences and v4 amplicon length using publically available sequences, which explain 
only partially this bias. We conclude that ribosomal gene-based metabarcoding may 
reveal an unknown diversity but suffers also from still uncharacterized methodological 
biases. 
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Plastid and mitochondrial genomes of different eukaryotes have gone through genome 
expansion due to a proliferation of selfish genetic elements. Within the red algae, such 
expansion events are only known in the plastid genomes of a highly diverse group of 
mesophilic algae, the Proteorhodophytina, and remain completely unknown in the 
understudied red algal mitochondrial genomes. To elucidate the organellar genome 
evolution of red algae and identify potential genome expansion events in mitochondria 
and/or poorly studied red algal lineages, we sequenced and analyzed plastid and 
mitochondrial genomes of 25 different species covering the known diversity of 
unicellular and filamentous red algae. We show that mitochondrial and plastid 
genomes of the Proteorhodophytina have gone through multiple lineage-specific 
expansion events. Large plastid genomes are limited to the classes Rhodellophyceae 
and Porphyridiophyceae, but a comparison with their sister lineages suggests that 
these genome expansion events are independent and lineage specific. Furthermore, 
we provide the first data showing the diversity of mitochondrial genome structures in 
this group. Mitochondrial genome expansion occurred multiple times and is observed 
in members of all classes of the Proteorhodophytina, with Stylonematophyceae 
showing also notably increased GC content. In both plastid and mitochondrial 
genomes, expansion resulted from the proliferation of self-splicing introns. In most 
cases, only one of the organellar genomes is expanded, without any evidence for 
introns jumping recently between organellar genomes. In addition, phylogenomic 
analyses using mitochondrial and plastid markers with an improved taxon sampling 
strongly support the monophyly of Proteorhodophytina. Overall, red algae show to be 
a useful playing field to explore organellar genome evolution. 
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Reversing the order: the ancient origin of type III metacaspase in protists 
 
 
Karen van Niekerk (University of the Witwatersrand, South Africa), Pierre Durand, 
University of the Witwatersrand, South Africa 
 
 
 
In the C14 family of peptidases, type III metacaspases (MCA) are distinguished by the 
reversed order of the p10- and p20-like regions of the conserved caspase-
hemoglobinase fold. This metacaspase sub-type is transcribed and is catalytically 
active, but the function of the altered domain architecture is unknown. Type III MCA 
was first identified only in algae of different phyla with complex red plastids. Its cryptic 
origin in eukaryotes suggested that it may have arisen during endosymbiotic gene 
transfer (EGT) of a type I MCA gene during the establishment of the secondary plastid. 
Here we present a reconciled type III MCA gene tree, showing a root in common 
ancestor of euglenozoa and the Diaphoretickes megagroup. The patchy distribution in 
present-day taxa results from a vertical line of descent in some taxa, the loss of the 
gene in many lineages and regain by EGT in others during the transition from 
heterotrophic to photosynthetic lifestyle. Notably, type III was present in chlorophytes 
earlier than type II MCA. Type III MCAs have highly conserved residues required for 
catalytic activity, substrate specificity and calcium (Ca2+) binding. We describe a 
unique inserted region on the loop of the p10-like region involved in allosteric 
modification by Ca2+ and show its emergence in euglenozoa. Type III MCA is involved 
in the signalling pathways for calcium and/or redox signalling in stress responses and 
maintenance of cellular homeostasis. 
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Phaeodactylum tricornutum: A master of disguise by its pleomorphic 
nature, a case of phenotypic plasticity 
 
 
Lawrence Victor D. Vitug (Biology Department, College of Science, University City 
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Phaeodactylum tricornutum, has a unique characteristic of changing its 
ecomorphotype through its pleomorphic behaviour because of environmental 
changes. It is known that external and internal factors play an important role in 
changes in the morphology of diatoms. Several changes in morphology in diatoms may 
result in several morphotypes that have the same genotype. This paper discusses the 
trends and issues covering P. tricornutum that go beyond external and internal factors 
that affect morphological changes in varying/specific environmental conditions; it will 
also further explain the influence of biogeography, adaptive and evolutionary 
behavior, macromolecular composition, and climate change, challenging the 
traditional species concept and molecular approaches that we might gain perspective 
and insights on P. tricornutum phenotypic plasticity. 
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The super group Metamonada contains a variety of both free-living and parasitic 
protists that inhabit highly diverse anaerobic environments, from human guts to 
estuarine sediments. Metamonads contain a diversity of mitochondrion-related 
organelles adapted to anaerobiosis. These organelles lack typical aerobic 
mitochondrial functions but possess anaerobic metabolic systems, some of which were 
acquired by lateral gene transfer. Here we investigate the genomes of four previously 
uncultured anaerobic protist species to better understand the evolutionary 
mechanisms underpinning mitochondrial reduction. Genomes for these protists were 
assembled into high-quality and highly contiguous draft sequences using a mixture of 
both long-read (Oxford Nanopore) and short-read (Illumina) sequencing 
technologies. Gene predictions were aided by RNA-Seq data gathered from each 
species. From the predicted gene set we retrieved homologs of 253 highly conserved 
proteins in order to estimate a robust phylogeny of metamonads. Our phylogenomic 
analyses reveals that these taxa form a robust clade within Metamonada, that emerges 
as the immediate sister group of the Fornicates. We also searched the gene predictions 
and scaffolds of each organism for genes encoding canonical mitochondrial markers 
and anaerobic metabolic enzymes. There was significant variation in mitochondrial 
function amongst the novel species with some organisms appearing to have highly 
reduced mitosomes. For one of the species, no putative mitochondrial functions were 
found at all. Loss of canonical mitochondrial systems within some of the lineages of 
this group appears to be related to the acquisitions of new functions by LGT, including 
the SUF-type iron-sulfur cluster system. Surprisingly, the transfer of this alternate 
iron-sulfur cluster system is independent of the transfer found in other metamonads, 
such as the amitochondriate Monocercomonoides. 
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Single-cell genomics unveils a canonical origin of the diverse 
mitochondrial genomes of euglenozoans 
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The supergroup Euglenozoa unites heterotrophic flagellates from three major clades, 
kinetoplastids, diplonemids, and euglenids. Each of them exhibits extremely divergent 
mitochondrial characteristics. Mitochondrial genomes (mtDNAs) of euglenids 
comprise multiple linear chromosomes carrying single genes, whereas mitochondrial 
chromosomes are circular non-catenated in diplonemids, but circular and catenated 
in kinetoplastids. In diplonemids and kinetoplastids, mitochondrial mRNAs require 
extensive and diverse editing and/or trans-splicing to produce mature transcripts. All 
known euglenozoan mtDNAs exhibit extremely short mitochondrial small (rns) and 
large (rnl) subunit rRNA genes, and absence of tRNA genes. How these features 
evolved from an ancestral bacteria-like circular mitochondrial genome remains 
unanswered. We sequenced and assembled 20 euglenozoan single-cell amplified 
genomes (SAGs). In our phylogenetic and phylogenomic analyses, three SAGs were 
placed within kinetoplastids, 14 within diplonemids, one (EU2) within euglenids, and 
two SAGs with nearly identical small subunit rRNA gene (18S) sequences (EU17/18) 
branched as either a basal lineage of euglenids, or as a sister to all euglenozoans. Near-
complete mitochondrial genomes were identified in EU2 and EU17/18. Surprisingly, 
both EU2 and EU17/18 mitochondrial contigs contained multiple genes and one tRNA 
gene. Furthermore, EU17/18 mtDNA possessed (likely on a single chromosome) full-
length rns and rnl genes, six mitoribosomal genes, and nad11, several of which are 
encoded in the nuclear genome of all other euglenozoans. Our data strongly suggest 
that EU17/18 is an early-branching euglenozoan with numerous ancestral 
mitochondrial features. Collectively these data contribute to untangling the early 
evolution of euglenozoan mitochondria. 
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Microeukaryotes play key ecological roles in the microbial web of aquatic ecosystems. 
However, large knowledge gaps urgently need to be filled regarding the biogeography 
with associated shaping mechanisms and co-occurrence patterns of microeukaryotes 
under freshwater-saltwater gradients, especially true in tropical regions. Here, we 
investigated microeukaryotes of six mixed freshwater-saltwater regions in the Pearl 
River Estuary and surrounding coasts in southern China, with salinity ranging 0.1-
32.0‰ and distances spanned up to 500 km, using molecular ecological methods. 
Results indicate that the biogeography of abundant and rare microeukaryotic 
communities was similar, both their co-occurrence patterns and biogeographical 
patterns were driven by deterministic and stochastic processes. The environmental 
factors with higher selective pressure than dispersal limitation meant that the role of 
deterministic process in structuring communities was more significant than that of 
stochastic process, and salinity played important role in structuring both 
microeukaryotic communities and networks. The abundant communities had stronger 
influence on entire microeukaryotic communities and seemed to be more sensitive to 
environmental changes than their rare counterparts, while rare ones had stronger 
interspecific relationships. Finally, the geographic scale and environmental gradients 
of study regions should firstly be clarified in future research on the ecological 
processes of microeukaryotes before conclusions are drawn.   
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Centrohelids are known for more than 150 years and the posthumously published book 
of Kirill Mikrjukov (2002) has become a summary of his multiple and valuable studies 
of these protists. Moreover, it has drawn a line under a period of purely morphological 
works. With the use of the molecular data, centrohelid internal relationships only 
started to be silhouetted since 2007, when the first trees with a moderate taxon 
sampling were published by the group of Thomas Cavalier-Smith. What have we 
learned due to the studies of centrohelids with molecular tools? First of all, we have 
learned how little we actually know. The family tree of centrohelids has turned out to 
be full of morphologically uncharacterized “environmental” clades. The work of the 
last 10 years has linked many of them with previously known or (more often) 
completely novel phenotypes, but the number of gaps is still high. At the same time, 
the application of metabarcoding has allowed us to test some ecological 
generalizations made by Mikrjukov based solely on microscopy. One of the important 
ideas he argued for was a purely benthic lifestyle of centrohelids. Not refuting 
Mikrjukov’s observations now it is possible to supplement them with the information 
about truly planktonic centrohelids such as Meringosphaera, which has recently found 
its home in this group, with the help of single-cell genomics. The other important 
concept left from the “morphological” period was the one of euryhalinity, and as a 
consequence, cosmopolitan distribution of centrohelids. At first the molecular data 
obtained appeared to be in conflict with it, showing a deep separation between marine 
and freshwater lineages. But recently this idea has found an unexpected confirmation 
in the discovery of centrohelid lineages with a noticeably broad salinity tolerance. The 
study was supported by a grant from the Russian Science Foundation (project No. 20-
74-10068). 
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The first finding of sessile ciliates Vorticella pyriforme Stiller, 1939 and 
Zoothamnium sinense Song, 1991 (Ciliophora, Peritrichia) in the 
Black Sea 
 
 
Alie Abibulaeva (A.O. Kovalevsky Institute of Biology of the Southern Seas of RAS, 
Sevastopol, Russia) 
 
 
 
Two species of sessile ciliates from subclass Peritrichia, Vorticella pyriforme and 
Zoothamnium sinense, new for Black Sea, were found in the Kruglaya Bay (the Black 
Sea) on algae Cystoseira crinita and Cladophora sericea.   
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Modelling the impact of protozoa grazing in nitrogen mineralisation in 
paddy fields 
 
 
Jerome Earl A. Amaranto (University of Liverpool, UK; Bicol University, 
Philippines), David J. S. Montagnes (University of Liverpool, UK)  
 
 
 
Protozoa are known to play an integral role in nutrient cycling in terrestrial and 
aquatic habitats. Paddy fields are parcels of land that are primarily semi-aquatic 
ecosystem and in their flooded soils, nitrogen is the limiting nutrient that influences 
the productivity of rice. Substantial research on mineralisation of nitrogen in paddy 
soils has focused on bacteria, and little emphasis has been attributed on grazing by 
protozoa. Grazers, e.g., protozoa, have been linked to plant productivity as they release 
nitrogen locked in bacterial biomass. This study aims to test the theory that nitrogen 
mineralisation in paddy fields is chiefly associated with protozoa grazing and to 
estimate the quantity of mineralised nitrogen made available to the rice plant. Prior to 
any experimentation, this study will use modelling software to assess the importance 
of protozoa in their role of nutrient cycling. This poster outlines the potential role of 
protozoa in rice paddies and how the model will be constructed.  
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Soroksár-Danube 
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Abstract: The riparian zone of the Ráckeve-Soroksár-Danube is flanked by extensive 
reed beds and offers huge submersed surfaces that can be overgrown by periphyton, 
an important part of microbial communities of the local ecosystem. The periphytic 
protist community was investigated using a glass slide method from February to June 
2019. The aim of my study is to characterize the most important protist functional 
groups after the description of colonization patterns (days 1-3, 6,11.). The most 
abundant functional groups were: stalked peritrichs, small sessile flagellates, sessile 
predators. During the succession of biofilm, the initial stage of colonization was 
characterized by a majority of bacterivores, mainly stalked peritrichs. At later stages, 
increased proportion of other trophic groups were typical. In the late colonization 
days, consumers feeding close to the glass slide became more abundant. The 
accumulation of detritus encouraged growth of forms feeding near the bottom of the 
substrate. The seasonality was reflected in the rate of trophic structure formation. In 
February, all but the bacterivorous trophic groups appeared with similar cumulative 
abundance to bacterivorous ones only on the sixth and 11th days of colonization. In 
April and June, colonial peritrichs soon developed high zooid numbers and the last 
days of colonization were already characterized by large colonies. 
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Korea) 
 
 
 
The genus Euplotes Müller, 1786 is one of the most speciose genera, which consists of 
approximately more than 150 species and can be differentiated by the body size and 
shape, the dorsal and ventral ridges, the cirral pattern, the adoral zone of 
membranelles, the macronucleus shape, the dorsal kineties, and the silverline system 
pattern. We investigate the living morphology, infraciliature, and silver line system of 
two populations (S62 & S65) of hypersaline Euplotes collected from two saltern ponds 
in Sinan-gun, Jeollanam-do, Korea. Both populations have similar characteristics in 
most characters but can be differentiated in terms of caudal cirri number (1 vs. 2) and 
dorsal ridges (prominent vs. no ridges). Compared to the congeners, these two 
populations are morphologically close to Euplotes corsica Berger and Foissner, 1989 
but can be differentiated in terms of dorsal kinety rows (7, 5-7, vs. 7-8), mid-dorsal 
kineties number (9-14, 7-13, vs. 6-9), and contractile vacuole (absent, absent, vs. 
present). Phylogenetic analyses inferred from 18S rRNA gene sequences indicate that 
these two Korean populations of Euplotes species are clustered together as a sister and 
have a pairwise sequence similarity of 99.84%, showing 3 nucleotide differences. 
However, they have some morphological differences. Considering the phylogenetic 
tree, both populations of Euplotes species (S62 & S65) are grouped with Chinese 
population of Euplotes sp. KX516681 with sharing 100% and 99.94% (one nucleotide 
difference) sequence similarity, respectively. Since molecular data of E. corsica and 
morphological data of Chinese population (KX516681) are unavailable, so we cannot 
compare them more in detail. Based on the morphological and molecular differences 
between two populations of hypersaline Euplotes species and previously known 
Euplotes species, we propose both Korean populations of Euplotes species as one new 
species with variations of local populations or two new species. 
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Catalase is an enzyme able to convert hydrogen peroxide (H2O2), a by-product of 
aerobic metabolism, into water and oxygen. In the presence of iron, H2O2 can be 
converted to a highly reactive hydroxyl radical harmful for the cells. Thus, a catalase is 
required to control intracellular level of H2O2. A phylogenetic reconstruction of the 
catalase evolutionary history is complicated by frequent horizontal gene transfer 
events, especially among prokaryotes. Eukaryotes gained the gene encoding catalase 
from different sources; yet, despite its extremely wide distribution, several groups lack 
an identifiable homolog of the catalase in their genomes. Kinetoplastid flagellates of 
the family Trypanosomatidae is one such a peculiar example with mosaic distribution. 
In this group, the catalase encoding-gene is found only in monoxenous Leishmaniinae 
(relatives of Leishmania, genera Crithidia, Leptomonas, and Novymonas), as well as 
in Blastocrithidiinae (genera Blastocrithidia and Obscuromonas). Interestingly, the 
gene was secondarily lost from all analyzed Leishmania spp. genomes. Recent 
experiments have shown that the presence of catalase drastically reduces L. mexicana 
differentiation in sandflies, its transmission potential, and virulence in the 
mammalian hosts, demonstrating the presence of catalase is incompatible with 
dixenous life cycle of Leishmania spp. Here we report a discovery of the novel catalase-
encoding gene in Vickermania spp. Representatives of this genus of monoxenous 
trypanosomatid parasite fly midgut and bear two flagella in contrast to all other 
trypanosomatids. Our analysis shows that the catalase gene of V. ingenoplastis and V. 
spadyakhi is most closely related to that of Acinetobacter boissieri, putting gamma-
proteobacteria as a new potential source of catalase for trypanosomatids. 
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Characterization of the divergent mitochondrial genomes of Radiolaria 
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As the relics of an ancient and fundamental endosymbiotic event, mitochondrial 
genomes have undergone significant gene loss and endosymbiotic gene transfer 
through their establishment as organelles. While this explains the reduced gene 
content of present-day mitochondrial genomes, the variability in the number of genes 
encoded by these genomes across diverse aerobic eukaryotic lineages is more unclear. 
The rise of single-cell genomics has been useful for the recovery of mitochondrial 
genomes of uncommon and uncultivable eukaryotes, aiding in our knowledge of this 
variability; however, some eukaryotic lineages are still lacking a representative 
mitochondrial genome. One such lineage is Retaria - a rhizarian lineage consisting of 
sister clades Radiolaria and Foraminifera. Here we describe the first mitochondrial 
genomes of Radiolaria using single-cell genomics. We show that radiolarian 
mitochondrial genomes encode a reduced complement of the mitochondrial genes 
encoded by other rhizarians, lacking all mitoribosomal proteins and tRNAs. They 
encode shortened and fragmented small and large subunit rRNA genes and fewer 
electron transport chain constituents than other rhizarian mitochondrial genomes. 
The genetic code of radiolarian mitochondrial genomes is also divergent, whereby all 
three stop codons have been re-coded. Collectively, these results shed light on the 
divergent nature of an ecologically important protist’s mitochondrial genome, 
warranting further questions into the biological underpinnings for variability in gene 
content and genetic code variation among mitochondrial genomes. 
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Microsporidia are intracellular parasites of animals and some protists. They comprise 
three groups, which are the classical, “long-branch” microsporidians, the 
chytridiopsids and the metchnikovellids. More recently, “short-branch” 
microsporidians were recognized. Several metabarcoding primer pairs have been 
developed to detect long-branch Microsporidia by targeting their small subunit 
ribosomal RNA genesequence, with resulting amplicons of different lengths. Few 
comparisons were made to evaluate the diversity of microsporidians detected by the 
different primer pairs. And it is unclear whether these primers can detect short-branch 
microsporidians. To test the two short-read metabarcoding primer pairs V1F/mic-
uni3R and CM-V5F/CM-V5R, as well as the long-read primer pair V1F/1342R, in silico 
PCRs were performed on a data set including publicly available sequence data of long-
branch microsporidians, metchnikovellids, Chytridiopsis, short-branch 
microsporidians, and the close outgroups Rozella, NCLC1 and Aphelidea. All of the 
analyzed primer pairs were highly specific to the long-branch microsporidians. 
However, the reverse short-read primer mic-uni3R by itself bound to sequences of all 
taxa included in the analyses. Designing a suitable forward primer to pair with mic-
uni3R could therefore allow for a detection of much more of the microsporidian 
diversity.  
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Ciliates of bromeliads have been studied and described by using morphological 
methods by alpha-taxonomy, but SSU-rDNA sequencing has also been employed 
recently for their identification. The goal of this review was to update data about the 
ciliate species diversity in bromeliads. Up to now, 357 ciliates species inhabiting 
bromeliads have been recorded over the last 40 years in some Neotropical countries, 
especially Brazil, Mexico and Venezuela. Other records come from bromeliads in 
Central America, South America and the Antilles. Ciliates of the two subphyla and the 
eleven classes have been found in these microhabitats. Furthermore, ciliate diversity 
in bromeliads is represented by species included in 33 orders, 77 families and 135 
genera, being free-living species higher (299) than sessile ones (58) and the class 
Oligohymenophorea containing most of the species. Glaucomides bromelicola and 
Bromeliothrix metopoides are likely the most frequent species along the bromeliad 
geographical range. Only 19 species are considered to be ‘endemics’ from these 
microecosystems, but 1:1 specificity is unlikely; all the other species are also common 
in soils, mosses and freshwater ecosystems worldwide. Records have been 
documented from 58 bromeliad species, mainly of the genera Aechmea, Neoregelia, 
Tillandsia and Vriesea, where most of them feed on bacteria, but also in tank-less 
species of genus Bromelia. Ecological aspects of ciliate communities in bromeliads still 
remain poorly understood, however, it is likely that ciliate species diversity tends to be 
differentt according to the type of forests where bromeliads inhabit, being highest at 
intermediate elevations or montane cloud forests. Water availability, seasonality and 
proximity to freshwater bodies are also important factors for species composition. We 
conclude, despite of the lacking of records from many Neotropical countries, that 
ciliate communities of bromeliads are exclusive of this region of the world, which 
comprises 4.4 % of the total richness of the phylum. We acknowledge to Posgrado en 
Ciencias Biológicas, UNAM and CONACYT for the grant number 224627 to CADR; to 
Biól. M. Reyes-Santos†, Facultad de Ciencias, UNAM for her technical assistance.   
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Taxonomic assignment of OTUs is an important bioinformatics step in analysing 
environmental sequencing data. Pairwise-alignment and phylogenetic-placement 
methods are two approaches to taxonomic assignments, but their results can differ. 
Here we used available colpodean ciliate OTUs from forest soils to compare the 
taxonomic assignments of VSEARCH (which performs pairwise alignments) and EPA-
ng (which performs phylogenetic placements). The PR2 taxonomic database was used 
with the pairwise alignments, and a colpodean-specific tree with outgroups was used 
for the phylogenetic placements. We showed that when there were differences in 
taxonomic assignments between pairwise alignments and phylogenetic placements, 
there was a low pairwise similarity of the OTUs to the taxonomic reference database 
(in our dataset, three OTUs that were 81.3 % similar or less).  
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Trichomonas vaginalis, a flagellate parasitic protozoan is the causative agent of 
trichomoniasis, the most common non-viral sexually transmitted infection. Genital 
mycoplasmas are involved in bacterial vaginosis, non-gonococcal urethritis, pelvic 
inflammatory disease and unfavorable pregnancy outcomes; moreover, symbiosis 
with T. vaginalis has been reported. Candidatus Mycoplasma girerdii, a non-
culturable Mycoplasma species, was isolated from vaginal secretions almost 
exclusively in women infected with Trichomonas vaginalis. The aim of the study was 
to assess the presence/ prevalence of Ca. M. girerdii and other Mycoplasma species 
co-infection with T. vaginalis from the vaginal discharge of women in Austria, as well 
as from cultured T vaginalis, obtained from patients. Vaginal swab specimens were 
obtained from 319 symptomatic and asymptomatic female patients attending the 
Outpatients Centre in Vienna, Austria. Mycoplasma genus-specific 16S rRNA primers 
were used, followed by sequencing of the amplified gene sequences. 50 isolates of T. 
vaginalis collected from female and ten from male patients were included into the 
study to screen T. vaginalis for the presence of Ca. M. girerdii. To date, 75% percent 
of the sequenced vaginal specimens, harbored Mycoplasma hominis, 20% were 
positive for uncharacterized Mycoplasma spp. and 2% showed Ureaplasma parvum. 
One Ca. M. girerdii sequence, (2%) was obtained from a patient who was also positive 
for T. vaginalis. None of 20 already investigated T. vaginalis isolates tested positive 
for Ca. M. girerdii, however 10% harbored M. hominis. High prevalence of genital 
mycoplasmas implies that alterations of the vaginal microbiota to enhance their 
survival, are feasible. Thereby, the presence of Candidatus Mycoplasma girerdii and 
other unknown species as well as the Trichomonas vaginalis isolates ought to be 
studied more thoroughly. 
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Green algae and land plants (Chloroplastida) consist of three major lineages: the 
recently pinpointed Prasinodermophyta, Chlorophyta, and Streptophyta. 
Streptophyta are about a billion years old and encompass the main constituents of the 
land flora, the Embryophyta (land plants). In addition, Streptophyta include the algal 
relatives of land plants, known as streptophyte algae. Recent genomic and 
phylogenomic investigations have honed in on these freshwater and terrestrial algae 
because they provide important insights into the origin of land plants. In this study, 
we have investigated the group of streptophytes that are most divergent from land 
plants: the Chlorokybophyceae, which form together with the Mesostigmatophyceae a 
monophylum that is sister to all other streptophytes. Both Chlorokybophyceae and 
Mesostigmatophyceae are thought to encompass one or few respectively extant species 
each, hampering their usefulness for macroevolutionary studies that aim to 
understand the early evolution of key traits in Streptophyta. Using a 
phylotranscriptomic approach with broad sampling of the Chlorokybophyceae across 
its known distribution (Eurasia, Central and South America), we pinpoint that the 
Chlorokybophyceae consists of a cryptic species complex of at least five extant 
members. Our data highlight that future efforts that study the evolution of plant form 
and function can tap into an unknown diversity right at the deepest node of 
streptophytes. 
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Korean population of Brachonella contorta (Levander, 1894) Janskowski, 1964 was 
isolated from the temporary pool near the Seuldo beach, Ulsan, South Korea. It is 
characterized huge dome region and bullet-like body shape, transparent in appearance 
with dark refractile granules accumulated in anterior end. Body size 57–74 × 30 – 42 
µm in vivo, dome region occupied 79 – 93% of the body length, one macronucleus and 
one micronucleus located in anterior half, one spherical contractile vacuole located in 
posterior end of the cell, food vacuoles of variable size with bacterial and microalgal 
food. It has 13 – 15 rows of preoral dome kineties, 16 – 23 somatic kineties, consistently 
five perizonal ciliary stripes, and 29 – 37 adoral membranelles. Cortical granules 
colorless and densely packed between the somatic ciliary rows. The cell was capable to 
undergo encystation in unfavorable conditions. Korean population is similar to 
Turkish population but different from five American and European populations by 
body size (57–74 × 30–42, 48–62 × 31–48 vs. 73–119 × 39–72, 70–126 × 42–106, 80–
150 × 80, 75–140 × 40–85, 51–125 × 44–80 µm), the numbers of somatic kineties 
(16–23, 38–44 vs. 40–64, 42, ≥34, ≥39, 46–52), preoral dome kineties (13–15, 13–17 
vs.19–26, 18, ≥11, ≥17, 16), and caudal cirri (8 vs 18–26, 6, 6–7, 22). The small subunit 
(SSU) rDNA of B. contorta is newly sequenced with 1,714 bp length and 43.8% of CG 
content. Based on the SSU rDNA sequences, Korean population of B. contorta shows 
identical of sequence similarity (100% similarity) with those of Turkey and Greece 
populations. B. contorta from Korea and Greece populations cluster same clade with 
a moderate support.s  
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Order Metopida includes a diverse group of free-living ciliates thriving in 
anoxic/hypoxic environments. It currently comprises three families, 
Tropidoatractidae, Apometopidae, and Metopidae. Of these, Metopidae is the most 
diverse, including 14 genera. However, in phylogenetic analyses, it is also non-
monophyletic. Bothrostoma is a poorly known metopid genus, with four species 
described solely on observations of living cells. In contrast to other metopids, cells of 
Bothrostoma are not twisted anteriorly, have a straight preoral dome, possess a long 
paroral membrane, and an adoral zone confined to the ventral side. Bothrostoma spp., 
like other metopids, harbor prokaryotic methanogenic symbionts; however, nothing is 
known about their identity or diversity. To study the diversity and phylogenetic 
position of Bothrostoma and their prokaryotic methanogens, we collected freshwater 
sediment samples from a variety of remote localities. We examined morphology and 
18S rRNA gene sequences from a total of 21 populations, additionally, the identity of 
the methanogenic symbionts for some populations was achieved through 16S rRNA 
gene sequences. Our results show that the genus Bothrostoma comprises at least nine 
species and further diversity likely remains to be discovered. Phylogenetically, it forms 
a moderately supported clade with Planometopus, not closely related to Metopus. 
Species delimitation is challenging due to intraspecific morphologic and 18S rRNA 
gene sequence variability. Studied species of Bothrostoma, including strains from 
geographically distant localities, seem to harbor a single species of methanogenic 
endosymbiont, Methanobacterium sp., suggesting a degree of host-symbiont 
specificity. 
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The morphology, infraciliature, and small subunit ribosomal RNA (SSU rRNA) gene 
sequences of new species candidate Loxophyllum isolated from the brackish water in 
Ulsan, South Korea, were investigated. Morphological characterization was based on 
observations of live cells and protargol-impregnated specimens. The cells are 38 – 64 
x 14 – 22 µm in size (in vivo) and have two macronuclear nodules, with one 
micronucleus connected and prominent trichocysts warts along the dorsal margin 
formed by clustered extrusomes. Cortical granules distributed in linear arrangements 
with 4-5 granules in each, single contractile vacuole located sub-terminally. The left 
and right somatic kineties consisted of 7 and 9-10 rows, respectively. Phylogenetic 
analyses based on SSU rDNA sequences data documented the systematic position of 
Loxophyllum n. sp. The newly sequenced SSU rDNA of Loxophyllum n. sp. has 1,642 
b.p long and CG content of 42.4%. Topology of a phylogenetic tree indicates that 
Loxophyllum n. sp. clusters with its congeners L. caudatum and L. spirellum differing 
only 2 and 3 b.p. The Loxophyllum n. sp. is discriminated with L. caudatum by the 
body size and shape (small and no tail vs. medium and conspicuous tail). It is also 
different from L. spirellum by the cortical granules and the state of dorsal margin 
(presence and not twisted vs. absence and twisted). Owing to significant 
morphological differences with closely related species, we propose the population of 
Loxophyllum as a new species.  
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Epibiosis is a facultative and interspecific association of two organisms, the epibiont, 
and the basibiont. This relationship is dynamic and changes along with time and space. 
The ciliates of the subclasses Peritrichia and Suctoria have been the most recorded as 
epibionts in crustaceans since they can adhere in certain areas, as the gills, or 
throughout the exoskeleton structures. Although the ciliate-crustacean relationship is 
frequent, it has not been documented if it affects crustacean growth and sexual 
maturity. This work aimed to record and compare the growth and the age of sexual 
maturity of crayfish with and without several genera of ciliate epibionts adhered to the 
exoskeleton and gills, to infer if they cause any effect. We collected 80 crayfish in the 
wetland of Tláhuac, Mexico. Animals were separated into two groups (A, with 
epibionts and B, control, without epibionts), 40 per group with the proportion of 
females and males (20:20). All the organisms were in the period of intermolting, with 
a mean total length of 1.5 ± 0.3 cm. The results showed significantly higher growth 
(weight and total length) in group B. In group B, a higher number of ovigerous females 
were registered. In this group, sexual maturity occurred 15 days earlier than in group 
A. Males of the B group reached form I faster and in higher numbers than males of 
group A. The results show that in group B the sexual maturity of the crayfish occurs 
faster and a more numerous offspring. In conclusion, the ciliates attached to the body 
affect the growth and delay the sexual maturity of the crayfish Cambarellus 
(Cambarellus) montezumae. We acknowledge to Posgrado en Ciencias Biológicas, 
UNAM and CONACyT, for the scholarship granted to MRB. We also appreciate the 
technical support of MS I. A. Morales-Salas and Biól. M. Reyes-Santos † (Facultad de 
Ciencias, UNAM). 
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Fluorescence microscopy is a useful tool in protistology as it allows diverse 
morphological analyses such as species identification, grazing experiments, or cell 
counting. Many studies therefore may benefit from new fluorophore compounds that 
stain various cell structures and are easy and quick to apply. Here, we investigated 32 
new experimental fluorophores from seven chemical groups to evaluate which cell 
structure they visualized and which parameters influence the staining signal. To do 
this, we tried different concentrations and incubation times for all fluorophores on 
Paramecium tetraurelia (strain MT8). Our results provide one cilium-specific stain, 
one stain that visualizes the bacteria in the food vacuoles, and multiple fluorophores 
that stain the entire membrane system. Further protocol optimizations will show 
whether in addition to cell counting and grazing experiments the fluorophores can also 
be used to analyse ciliate morphology as an alternative to traditional non-fluorescence 
staining techniques. 
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Testate amoebae are a polyphyletic group of eucaryotic unicellular protists which 
cytoplasm is enclosed in a hard structure, their test, which can be preserved in lake 
sediments. Most of the taxonomic and ecologic research regarding this group has been 
undertaken in temperate lakes. This study aims to record the testate amoeba species 
composition, richness and abundance present in recent surface sediment samples 
from two tropical high-mountain lakes: La Luna and El Sol. The lakes are in the crater 
of the Nevado de Toluca volcano (Central Mexico) at 4,230 m a.s.l.  They are shallow 
with cold, transparent, acidic waters, with low mineralization, alkalinity, and nutrient 
concentrations. Topmost surface sediment samples from both lakes were collected 
with an Eckman dredge, three times (March, July, and September 2019). Sediment 
aliquots (1 cm3 of wet sediment) were reviewed under the stereomicroscope (64x to 
100x). Some tests were separated with a fine brush and observed under a scanning 
electron microscope. Despite being so close (600 m), Lake El Sol is larger, deeper, and 
less acidic than Lake La Luna, and also with higher electrical conductivity, alkalinity, 
and nutrient concentration than La Luna. Their biological communities are also 
different. Our result shows that Lake La Luna's species richness was low, including 
only six taxa, while in Lake El Sol, it was much higher, involving 13 taxa. In both lakes 
Difflugia glans strain “glans” and Difflugia globulosa were the taxa with higher 
relative abundance; in Lake El Sol Difflugia protaeiformis strain “acuminata” was also 
abundant. It is worth noting, Difflugia glans strain “glans” and Difflugia globulosa 
are very abundant in El Sol and La Luna, while rarely found in other high-mountain 
lakes globally. 
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Mitochondria are the sites of ATP synthesis via oxidative phosphorylation in aerobic 
eukaryotes. ATP is synthesized using a proton gradient to drive phosphorylation of 
ADP by the rotary molecular machine called ATP synthase. Eukaryotic ATP synthases 
appear to share some basic structural elements like the architecture and components 
of soluble F1 and membrane-bound Fo sectors, their ability to dimerize to form a 
supercomplex, and their inherent capacity to bend membranes to form diverse cristae 
structures. Although a considerable amount of similarity between even the most 
divergent ATP synthase structures is clear, several studies have proposed that novel 
subunits have been gained, often replacing ancestral conserved subunits. To clarify the 
identity of putatively novel ATP synthase subunits in diverse eukaryotes, we used 
sensitive homology detection methods (e.g., BLAST, HMMER, HHpred), and 
molecular modelling tools (e.g., SWISS-MODEL, Phyre2, PyMOL) to demonstrate the 
persistence of a near-complete ancestral set of orthologues in nearly all major 
eukaryotic lineages. These data demonstrate that most eukaryotes appear to have an 
ancestral-like ATP synthase structure like animals, fungi, and plants, but a number 
have diverged drastically (e.g., ciliates, myzozoans, euglenozoans). To our surprise, we 
also uncovered a gene fusion between ATP synthase stator subunits ancestral to SAR 
– to our knowledge the first molecular synapomorphy identified for this group. Finally, 
we conclude by suggesting that many more interesting ATP synthase structures (e.g., 
from jakobids, stramenopiles, rhizarians) must be solved in order to provide a more 
complete picture of ATP synthase function and structural diversity. 
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Lateral gene transfer (LGT) has long been recognized to be a major driver in 
prokaryotic evolution. In contrast, and despite compelling reports of LGT into 
eukaryotes, we still lack a global estimate of the impact of LGT on eukaryotic genome 
evolution and of how LGT differentially affects diverse lineages. Accessing such a 
comprehensive overview is challenging, because many eukaryotic lineages are only 
represented by few complete sequence data. This limitation particularly applies to 
Rhizaria, a diverse and yet poorly explored eukaryotic clade whose members are 
mostly free-living, single-celled phagotrophs. We here aim to explore LGTs across all 
currently sampled lineages of Rhizaria. For this, we screened both genome and 
transcriptome sequences for transferred genes with a systematic, phylogeny-based 
LGT identification approach and various contamination filters. We mapped 
preliminary LGT frequencies onto our rhizarian tree of life and investigated which - 
prokaryotic and eukaryotic - lineages often operated as donors. Moreover, we aimed 
to determine what sort of genes are typically transferred. Hereto, we examined various 
of their protein features, such as length, coiled-coil and disordered regions, as well as 
predicted functions and subcellular localizations. Finally, in order to shed light on how 
transferred genes evolve in the recipient genome, we studied their patterns of gene 
loss, duplication, protein domain dynamics and intron acquisition. Our preliminary 
results indicate that in general, rhizarian LGTs were more numerous than expected 
and display some distinctive features. In addition, they suggest that, notwithstanding 
limited sequence data, studying LGTs in poorly characterized clades can bring 
meaningful information for our understanding of LGT in eukaryotes. 
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The members of genus Uronychia belong to family Uronychiidae, member of subclass 
Hypotrichia which is one of “highly-evolved” groups of ciliates. Previous study of the 
molecular phylogeny on genus Uronychia showed that the relationship of U. setigera 
and U. binucleata were not resolved which was based on the small subunit (SSU) 
ribosomal RNA gene sequences. In addition, the morphological features at the species 
level are not clear and easily overlooked due to the plasticity of morphological 
characters. Especially, the separation of U. setigera and U. binucleata is based on 
several characters, i.e., cell size, the number of basal body pairs in the leftmost dorsal 
kinety, and other characters only observed well by high quality protargol preparations. 
To overcome these problems, we increase the molecular characters of ribosomal gene 
markers (SSU, ITS1-5.8S-ITS2, and LSU ribosomal gene regions) and taxa number (U. 
setigera, U. binucleata, U. multiciruus, U. sinica and one new subspecies candidate 
U. xinjiangensis n. sub. sp.) and analyze phylogenetic trees and secondary structures 
of some gene markers. Phylogenetic trees of each ribosomal gene markers and 
concatenated data shows that the congeners of genus Uronychia are monophyletic 
clade and this clade is sister group relationship with genera Paraddiophrys and 
Apodiophrys. U. setigera and U. binucleata not resolved well in SSU and ITS1-5.8S-
ITS2 trees, however LSU and concatenated show that these two species are separated 
and resolved well. Furthermore, we analyzed the secondary structure of ITS1 and ITS 
2 regions along with phylogenies. The secondary structures of ITS1 and ITS2 support 
the clade topology of Uronychia phylogenetic tree, and we find two types (I & II) of 
secondary structure. Type I shares with U. setigera, U. binucleata, U. multicirrus, and 
U. transfuga and type II with U. xinjiangensis n. sub. sp. and U. sinica. 
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Ciliates are single-cell eukaryotes playing important roles in various ecosystems. 
Phylogenetic relationships within Hypotricha, one of the most polymorphic and highly 
derived ciliate groups, remain uncertain. Previous studies suggested that low genetic 
divergence might be the reason for poorly supported SSU rDNA tree topologies, 
despite the high morphological diversity of this group. In our study, we substantially 
increase the number of available hypotrich LSU rDNA gene sequences by the addition 
of 857 environmental sequences, and we investigate whether a more divergent gene 
and dense taxon sampling could better resolve the phylogeny of Hypotricha and shed 
light on the patterns of ecological transitions in the evolutionary history of the group. 
Pairwise distances of LSU rDNA sequences are generally higher than those for SSU 
rDNA within each order of Hypotricha, and both concatenated rDNA and LSU rDNA 
trees provide more resolution for hypotrich phylogenetics. Three traditional 
(morphology based) hypotrich orders, Stichotrichida, Sporadotrichida and Urostylida, 
are polyphyletic, but a monophyletic core Urostylida are found in our trees. A 
brackish/marine environment is inferred as ancestral within Hypotricha, with 
subsequent ecological diversification into freshwater, soil environments before the 
origin of major clades and some transitions back to the marine. However, inferred 
ecological transitions in Hypotricha are influenced by genes, methods and taxa. 
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Sexual reproduction is a distinctive feature of eukaryotes, however, for many taxa, it 
might be hard to induce and/or observe this process directly. The presence of 
homologs for meiosis-specific genes (MGHs) serves as indirect evidence for the 
potential presence of meiotic recombination (hence, meiosis and sexual reproduction). 
A set of such "marker" meiosis-specific genes was proposed - but the set requires 
taxon-specific modifications. For Chlorophyta, taxon-specific modification of the 
meiotic gene toolkit was never developed. In this work, genomes of 29 Chlorophyta 
representatives were analyzed for the presence of homologs of 6 meiotic genes (hop1, 
hop2, dmc1, msh4, mnd1, mer3). There is no significant difference in the number of 
MGHs found in genomes of sexual species comparing to asexual species. For 2 MGHs 
(hop2, mnd1) out of 6, the intensity of purifying natural selection (estimated as ratio 
of synonymous:non-synonymous substitution rate) is significantly lower in asexual 
representatives compared to sexual - indicating that 2 MGHs are losing or changing 
their function upon loss of sexual reproduction in green algae. Two Chlorophyta 
representatives, Chlamydomonas reinhardtii and Pseudococcomyxa subellipsoidea 
were chosen to experimentally determine the function of MGHs. The majority of 
MGHs were found to be expressed - even in asexual P. subellipsoidea. Moreover, 
different MGHs in P. subellipsoidea show different expression patterns under various 
light conditions. In the absence of light, the expression of hop1 and mer3 homologs 
rises, while the expression of hop2 is not observed. Altogether, results suggest that 
MGHs have altered function in asexual Chlorophyta. Therefore, the sole fact of the 
presence of MGHs in Chlorophyta genome is a poor indicator of the presence of sexual 
reproduction, unless the detailed investigation of MGHs evolution and function is 
conducted. 
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