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Abstract 

Algae form a diverse group of simple photosynthetic eukaryotes of polyphyletic origin. Algae 

with a primary plastid (Archaeplastida) acquired it by ingesting cyanobacterium, 

a prokaryote; algae with a complex plastid acquired their plastid by ingesting another 

eukaryote with a primary or already complex plastid. Algae with a complex plastid are 

chimeras containing genes derived from the host genome, as well as genes derived from the 

genome of the endosymbiont, and also genetic material derived from genomes of their 

previous stable or transient endosymbionts. One of the groups with plastid derived from green 

algae are euglenophytes. This thesis deals with the genomes of three organisms that represent 

individual actors in the endosymbiotic process in euglenophytes. These are a heterotrophic 

host from the class Euglenida, a phototrophic endosymbiont from the class of green algae 

Prasinophyceae and the resulting phototrophic euglenid from the group Euglenophyceae. 

Knowledge of their genomes should illuminate the course of endosymbiotic gene transfer 

(EGT) in the formation of algae with a complex plastid. 

We annotated the plastid genome of a phototrophic euglenid Eutreptiella gymnastica and 

published it as the third plastome of Euglenophytes after the iconic and economically 

important Euglena gracilis and its secondarily non-photosynthetic relative E. longa. We have 

shown that the content of genes in the plastid genomes of Euglenophytes is almost the same 

and that the reduction of plastid gene content by about 20 % has already occurred in the 

common ancestor of all euglenophytes. We further found that the plastome of the basal 

euglenophyte Etl. gymnastica has only few introns and therefore the extremely high number 

of introns in E. gracilis plastome is not a common feature of the whole group but a species-

specific feature. Last but not least, we confirmed that the green alga Pyramimonas parkeae is 

related to the ancestor of euglenophytes’ endosymbiont. The plastid genome of this alga was 

already known, and we complemented it by the mitochondrial genome with relatively high 

gene content. None of these genes is probably present in current euglenophytes‘ genomes, and 

the entire mitochondrial gene pool of the endosymbiont has been lost during endosymbiosis. 

The last organism examined in this study is the osmotrophic euglenid Rhabdomonas costata 

whose partial nuclear genome and almost complete transcriptome were compared with the 

currently available genome, transcriptome and mitochondrial proteome of E. gracilis. 

We found unconventional introns typical for euglenids in R. costata nuclear genome. 

Its transcriptome contains a very low portion of genes related to the genes of photosynthetic 

organisms and lacks some genes obtained by E. gracilis via EGT which disproves 

the hypothesis of early plastid acquisition in Euglenozoa. 

These individual findings undoubtedly contributed to the understanding of the evolution 

of Euglenida and the collected data will be used in further studies. 
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1 Introduction 

Euglenida is a relatively large group of marine and freshwater protists that involves species 

with four different types of feeding strategies: bacterivores, eukaryovores, osmotrophs and 

photoautotrophs (Leander et al., 2001). Phylogenetic studies demonstrate that only 

photoautotrophs are monophyletic and evolved from eukaryovorous ancestor. Bacteriovores 

and eukaryovores are polyphyletic. Osmotrophs consist of a monophyletic group of primary 

osmotrophs (descendants of other eukaryovorous ancestor than photoautotrophs) and 

a polyphyletic group of secondary osmotrophs that contains the species that lost 

the photosynthesis (Lax et al., 2019; Lax & Simpson, 2013; Leander et al., 2017). 

The phototrophic euglenids and their secondary heterotrophic descendants are classified as 

class Euglenophyceae. The fact that plastids are present in a single clade of euglenids favors 

hypothesis that the ancestor of this clade acquired the plastid by engulfing a green alga. 

Analyses of several plastid genomes has pointed to Pyramimonas (Pyramimonadales, 

Prasinophyceae) as the closest extant relative of the euglenid plastid (Turmel et al., 2009). An 

alternative but currently less accepted plastid-early hypothesis postulates that the euglenid 

plastid was acquired early in the evolution of euglenids, or even in the common ancestor 

of euglenids and kinetoplastids (e.g. Trypanosoma), their closest sister group (Hannaert et al., 

2003).  

Thirty euglenophyte  plastid genomes (Bennett et al., 2012, 2014; Dabbagh & Preisfeld, 2018; 

Gockel et al., 2000; Hallick et al., 1993; Hrdá et al., 2012; Karnkowska et al., 2018; Pombert 

et al., 2012; Wiegert et al., 2012) and only one mitochondrial genome of E. gracilis 

(Dobáková et al., 2015) have been published to this date. Only partial genomic sequence of 

E. gracilis and transcriptomes of several phototrophic and secondary osmotrophic species are 

available (Ebenezer et al., 2019; O’Neill et al., 2015; Yoshida et al., 2016; Záhonová et al., 

2018), while primarily heterotrophic euglenids are undersampled in this respect. Recently, 

proteomes of E. gracilis plastid (Novák Vanclová et al. 2020) and mitochondrion (Hammond 

et al. 2020) have been revealed by mass spectrometry proteomics. In this thesis the several 

genomic studies are presented to complete the picture of evolution of nuclear and plastid 

genomes in euglenids. 
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2 Aims 

1. To characterize plastid genome of Eutreptiella gymnastica, euglenophyte distantly 

related to the model species Euglena gracilis.  

2. To characterize mitochondrial genome of Pyramimonas parkeae, living relative 

of euglenophyte plastid ancestor. 

3. Based on genomic and transcriptomic data, to characterize selected features 

of the heterotrophic euglenid Rhabdomonas costata and compare them with the features 

of Euglena gracilis.  

 

3 Materials and methods 

Materials and methods are described in detail in the respective publications. Briefly, DNA and 

RNA sequencing were used to obtain extensive sequence datasets which were subsequently 

examined using bioinformatic tools for organelle genome annotations, intron searching, 

homology detection, metabolic reconstructions, and determination of phylogenetic affiliation. 

 

4 Results and discussion 

We presented the plastid genome of the euglenid Eutreptiella gymnastica. Comparison of this 

genome and in 2012 the only other available plastid genome of photosynthetic euglenid, 

Euglena gracilis (Hallick et al., 1993), revealed that they contain a virtually identical set 

of protein coding genes. Today, after annotation of 30 euglenophytes plastid genomes  it is 

known that the highly conserved core content of euglenophyte chloroplast DNAs consists 

of 89 genes (Bennett et al., 2012, 2014; Dabbagh & Preisfeld, 2018; Karnkowska et al., 2018; 

Pombert et al., 2012; Wiegert et al., 2012).  The plastid genome of Pyramimonas parkeae, the 

closest extant algal relative of the euglenid plastid, contains 110 genes (Turmel et al., 2009). 

The gene content was reduced during the secondary endosymbiosis. Searching within the 

transcriptomes of Euglena and Eutreptiella showed that 6 of the missing genes were 

transferred to the nucleus of the euglenid host while 18 have been probably lost completely. 

Euglena and Eutreptiella represent the deepest bifurcation in the photosynthetic clade, and 

therefore all these gene transfers and losses must have happened in the last common ancestor 

of all known photosynthetic euglenids. The conservation of gene content in the two lineages 
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of euglenids is in contrast to the variability of gene order and intron numbers, which 

diversified dramatically. Our results show that the early secondary plastid of euglenids was 

much more susceptible to gene losses and endosymbiotic gene transfers than the established 

plastid, which is surprisingly resistant to changes in gene content. 

We reported the mitochondrial genome of prasinophyte alga Pyramimonas parkeae. 

Prasinophytes are a paraphyletic assemblage of nine heterogeneous lineages 

in the Chlorophyta clade of Archaeplastida (Leliaert et al., 2012). The characterized 

mitochondrial genome is very compact and the gene content is slightly smaller than the gene-

richest prasinophyte mitochondrial genomes. The single identified intron is located in the 

cytochrome c oxidase subunit 1 gene (cox1) and the mature mRNA is formed by trans-

splicing. The phylogenetic analyses based on all three genomic elements support the sister 

position of prasinophyte clades Pyramimonadales and Mamiellales. We have searched for the 

homologues of P. parkeae mitochondrial genes in transcriptomes of Etl. gymnastica and 

E. gracilis in order to identify potential endosymbiotic gene transfers from the mitochondrial 

genome of the plastid donor into the Euglenophyceae host lineage. No close homologues were 

found, so we have no evidence of such a transfer. 

We present genomic and transcriptomic drafts of a primary osmotroph Rhabdomonas costata. 

The current genomic assembly length 100 Mbp is 14× smaller than in E. gracilis, the 

difference partly caused by incompleteness of the data (Ebenezer et al., 2019). The genome is 

too fragmented for comprehensive gene prediction, nevertheless, the comparison 

of transcriptomic and genomic data allowed us to estimate features of its introns including 

several candidates for non-conventional intron types. Transcriptome dataset (39,585) was 

sufficient for functional annotation. Only 26,052 predicted proteins have any homologue in 

NCBI and 13,130 were annotated by KEGG. Annotation of the mitochondrial core 

metabolism provides the first data on the facultatively anaerobic mitochondrion of R. costata, 

which in many aspects resembles the mitochondrion of Euglena gracilis (Ebenezer et al., 

2019; Hammond et al., 2020). R. costata synthetises heme by a mitochondrial-cytoplasmatic 

C4 pathway with enzymes orthologous to those from E. gracilis (Kořený & Oborník, 2011). 

This, together with a low (overall) percentage of green algae-affiliated genes supports 

the ancestrally osmotrophic status of this species and disproves the hypothesis of early plastid 

acquisition in Euglenozoa. 
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5 Conclusions 

We characterized the plastid genome of Eutreptiella gymnastica and compared it with that 

of Euglena gracilis. We showed that plastid genome content is similar in Euglenophytes and 

was established soon after plastid acquisition. We characterized the mitochondrial genome of 

Pyramimonas parkeae and described some of its interesting features. Based on genomic and 

transcriptomic data we characterized the partial genome and almost complete transcriptome 

of the heterotrophic euglenid Rhabdomonas costata and we predicted in silico mitochondrial 

proteome, tetrapyrrole synthesis pathway and several conventional and non-conventional 

introns. 
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