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Annotation 

This RNDr. thesis presents results of a research focussed on the evolution of phototrophy 

in the bacterial order Rhodobacterales. Genomes of three closely related haloalkaliphilic 

representatives, differing in their phototrophic capacity and oxygen preference, were 

sequenced. A comparative genomic analysis revealed close homology of photosynthetic 

proteins and similarity in photosynthesis gene organization among the studied  

phototrophic species. The main conclusion of the thesis is that the last common ancestor 

of all haloalkaliphilic members of the Rhodobacter-Rhodobaca group inside the 

Rhodobacterales clade was phototrophic  

 

Declaration [in Czech] 

Prohlašuji, že svoji rigorózní práci jsem vypracoval samostatně pouze s použitím 

pramenů a literatury uvedených v seznamu citované literatury. Prohlašuji, že v souladu s 

§ 47b zákona č. 111/1998 Sb. v platném znění souhlasím se zveřejněním své rigorózní 

práce, a to v úpravě vzniklé vypuštěním vyznačených částí archivovaných 

Přírodovědeckou fakultou elektronickou cestou ve veřejně přístupné části databáze 

STAG provozované Jihočeskou univerzitou v Českých Budějovicích na jejích 

internetových stránkách, a to se zachováním mého autorského práva k odevzdanému textu 

této kvalifikační práce. Souhlasím dále s tím, aby toutéž elektronickou cestou byly v 

souladu s uvedeným ustanovením zákona č. 111/1998 Sb. zveřejněny posudky školitele 

a oponentů práce i záznam o průběhu a výsledku obhajoby kvalifikační práce. Rovněž 

souhlasím s porovnáním textu mé kvalifikační práce s databází kvalifikačních prací 

Theses.cz provozovanou Národním registrem vysokoškolských kvalifikačních prací a 

systémem na odhalování plagiátů. 

 

České Budějovice, 16.4. 2019                                                .............................................                     

                                                                                                            Karel Kopejtka 



 

Author contribution 

Kopejtka K, Tomasch J, Zeng Y, Tichý M, Sorokin DY, Koblížek M. 2017. Genomic 

analysis of the evolution of phototrophy among haloalkaliphilic Rhodobacterales. 

Genome Biol Evol. 9(7):1950-1962.  

Karel Kopejtka cultivated the strains, extracted DNA, assembled  and annotated the 

genomes, analyzed genomic data, conducted phylogenetic analyses, and wrote part of the 

paper. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Financial support 

This research has been supported by the GAČR project P501/12/G055, the DAAD project 

57155424, the NPU project Algatech Plus (LO1416), and the RFBR grant 16-04-00035. 

Jürgen Tomasch was supported by the Deutsche Forschungsgemeinschaft (DFG) within 

the Transregio 51 “Roseobacter“. Dimitry Y. Sorokin was supported by the Gravitation 

Program (SIAM, grant 24002002) from the Dutch Ministry of Education and Science.     

 

 

Acknowledgments 

Above all I would like to thank to my supervisor Michal Koblížek for giving me the 

opportunity to be part of his research team and to work on such an interesting topic. I am 

also very grateful to all my current and former colleagues from the Laboratory of 

Anoxygenic Phototrophs, as well as to other colleagues and staff from the Algatech 

Centre, who helped me during my research. My special thanks belongs to my colleague 

and friend, Jürgen Tomasch, and to my family. I would also wish to thank Jason Dean for 

language corrections. 

 



 

Contents 

List of abbreviations .......................................................................................................... i 

1. Publication ..................................................................................................................... 1 

1.1 Genomic analysis of the evolution of phototrophy among haloalkaliphilic 

Rhodobacterales ................................................................................................................ 1 

Curriculum vitae .............................................................................................................. 22 



 

i 
 

List of abbreviations 

16S rRNA – gene(s) coding for a component of the 30S small subunit of prokaryotic 

ribosomes 

AAP – aerobic anoxygenic phototrophic 

BChl a – bacteriochlorophyll a 

DNA – deoxyribonucleic acid 

HGT – horizontal gene transfer 

ORF – open reading frame 

PGC – photosynthesis gene cluster 

PS – photosynthetic 

RC – reaction center 

 



 

1. Publication 

1.1 Genomic analysis of the evolution of phototrophy among haloalkaliphilic 

Rhodobacterales.  

Evolution of a prokaryotic genome is driven by three fundamental processes: random 

mutations, gain of genes via HGT, and gene loss. Consequent natural selection decides if the  

newly coded trait persists in the lineage. In bacteria, for functional phosynthetic apparatus, 

usually a range of specialized genes is needed. Moreover, these genes are often organized in 

operons and this clustering in operons is usually crucial for their optimal expression. Hence, 

for evolution of phototrophy inside a certain bacterial clade, only the latter two listed 

processes are substantial. 

The order Rhodobacterales (Alphaproteobacteria) contains both photoautotrophic 

and photoheterotrophic species, these phototrophic species are phylogenetically mixed with 

chemotrophs (Simon et al., 2017). Representatives of this clade perform essential metabolic 

processes such as anaerobic fermentation, aerobic respiration, autotrophic carbon fixation, 

nitrogen fixation, sulfur oxidation, or hydrogen production (Garrity et al., 2005; Androga et 

al., 2012). In context of such a variability, the question how their trophic strategies evolved 

occurs. 

In this publication we studied the evolution of phototrophy among the 

haloalkaliphilic members of the Rhodobacter-Rhodobaca (RR) group inside the 

Rhodobacterales clade. We tested two possible evolutionary scenarios (1) the “regressive 

evolution” scenario, where the ancestors of the haloalkaliphilic RR-group were 

photoautotrophic organisms, which later lost part (or all) of their photosynthesis genes, or 

(2) the ancestors of the RR-group were heterotrophs, which adopted their photosynthesis 

genes via HGT of photosynthesis genes. To test the two proposed evolutionary scenarios, 

we analysed the presence of photosynthesis genes, their organization and phylogeny in three 

closely related representatives with different phototrophic capacities and oxygen 

preferences. Our analyses show a general trend in the reduction of photosynthetic apparatus 

(loss of photosynthesis genes), hence a shift towards (photo)heterotrophic lifestyle. 

Interestingly, a singlet oxygen defense mechanism, which is common in phototrophic 

species, was found in the heterotrophic representative. In conclusion, these findings indicate 

that the ancestors of the haloalkaliphilic members of the RR-group were phototrophic 

species. 
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Suppl. Table 1. Comparison of RAST gene distribution in Rhodobacterales genomes. 

      

  DSM 2351 2.4.1 alga05 ALG1 AH01 PD 1222  

Cofactors, Vitamins, Pigments 8.32% 8.32% 10.06% 10.23% 8.40% 10.07%  

Cell Wall and Capsule 4.23% 3.19% 3.72% 4.20% 2.65% 3.47%  

Virulence, Disease and Defense 2.22% 2.31% 2.03% 1.76% 1.91% 2.26%  

Potassium metabolism 0.74% 0.65% 0.63% 0.52% 0.46% 0.30%  

Photosynthesis 0.46% 0.50% 0.28% 0.20% 0.00% 0.00%  

Miscellaneous 1.45% 1.30% 1.75% 1.92% 1.48% 1.98%  

Phages, Prophages, Plasmids 1.48% 1.43% 1.30% 0.84% 0.88% 0.92%  

Membrane Transport 8.57% 7.96% 7.78% 6.83% 7.55% 7.09%  

Iron acquisition and metabolism 1.90% 0.62% 1.02% 0.16% 1.27% 1.79%  

RNA Metabolism 4.72% 4.36% 4.59% 5.24% 4.80% 3.92%  

Nucleosides and Nucleotides 3.77% 3.90% 3.96% 4.08% 3.63% 3.32%  

Protein Metabolism 7.51% 8.29% 7.47% 8.43% 7.02% 6.13%  

Cell Division and Cell Cycle 1.06% 0.94% 7.47% 1.08% 0.95% 0.87%  

Motility and Chemotaxis 1.94% 3.67% 1.54% 1.84% 2.61% 0.40%  

Regulation and Cell signaling 1.69% 1.89% 1.44% 1.24% 1.80% 2.06%  

Secondary Metabolism 0.14% 0.13% 0.14% 0.16% 0.14% 0.15%  

DNA Metabolism 4.19% 3.35% 2.80% 3.64% 3.14% 2.36%  

Fatty Acids, Lipids, Isoprenoids 5.60% 4.45% 5.29% 5.48% 4.55% 4.76%  

Nitrogen Metabolism 1.34% 1.07% 1.96% 1.40% 1.41% 2.36%  

Dormancy and Sporulation 0.00% 0.07% 0.04% 0.04% 0.07% 0.02%  

Respiration 3.84% 6.57% 5.26% 5.12% 4.73% 4.17%  

Stress Response 4.27% 4.13% 4.35% 4.48% 5.01% 4.54%  

Metabolism of Aromatic Compounds 0.63% 0.68% 1.93% 2.00% 1.52% 2.46%  

Amino Acids and Derivates 14.80% 13.85% 14.48% 14.67% 13.90% 16.10%  

Sulfur Metabolism 0.81% 0.72% 1.19% 1.28% 1.38% 1.86%  

Phosphorus Metabolism 1.23% 1.27% 1.23% 1.36% 1.20% 1.56%  

Carbohydrates 13.08% 14.89% 12.83% 12.03% 17.54% 15.10%  
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Suppl. Table 2. Numbers of gene clusters in the studied genomes. 

     

 Organism     

  alga05 ALG1 AH01 

Nr. of ORFs 3778 3385 3885 

Nr. of gene clusters 2903 2762 2690 

Nr. of gene singletons 786 571 1054 

% of clusters shared by all three strains 77.3 81.2 83.4 

% of unique clusters 1.1 0.9 2.7 
 

 
 
 
Suppl. Table 3. Presence of selected metabolic pathways in the studied genomes. 
 

             

Nitrogen Metabolism DSM 2351 2.4.1 alga05 ALG1 AH01 PD 1222 

 Denitrification ○ ○ ○ ○ ○ + 

 Dissimilatory nitrate    
 reduction ○ ○ ○ ○ + + 

Sulfur Metabolism        

 DMSP demethylase (dmdA) ̶ ̶ ̶ ̶ + ̶ 

 DMSP lyase (dddL) ̶ + + + ̶ ̶ 

 DMSP cleavage (dddD) ̶ ̶ ̶ ̶ ̶ ̶ 

 DMSP cleavage (dddP) ̶ ̶ ̶ ̶ ̶ ̶ 

Sulfur oxidation (sox) + ○ + ○ + + 

 

The genes present in the genome and complete metabolic pathways are market "+"; the 

incomplete pathways are market "○"; " ̶ "  means gene/enzyme/metabolic pathway absent. 
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Suppl. Fig. 1. Venn-Diagram showing the distribution of shared gene families among 

sequenced strains. Each strain is represented by a circle, overlapping regions illustrate gene 

clusters that are shared between each strain. The cluster number in each region is listed. 
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Suppl. Fig. 2. Maximum likelihood phylogenetic tree based on protein sequences of the 

oxygen-dependent (acsF gene product, 334 common amino acid positions), bootstrap 500x. 

Congregibacter litoralis, Rubrivivax gelatinosus and Erythrobacter sp. NAP1 were used as 

an outgroup organism. Scale bars represent changes per position. Bootstrap values >50% are 

shown. Studied strains are marked by the asterisk.  
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Suppl. Fig. 3. Maximum likelihood phylogenetic tree based on protein sequences of the 

photosynthetic reaction center subunit M (pufM gene product, 289 common amino acid 

positions), bootstrap 500x. Erythrobacter sp. NAP1, Rhodospirillum rubrum, Rubrivivax 

gelatinosus and Congregibacter litoralis were used as an outgroup organism. Scale bars 

represent changes per position. Bootstrap values >50% are shown. Studied strains are marked 

by the asterisk.  
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Suppl. Fig. 4. Phylogenetic tree of sigma-24 factors in Rhodobacterales. Species with a 

photosynthesis gene cluster are in bold. Sigma-24 factors in an operon with chrR form a 

distinct phylogenetic group, marked by a vertical bar. The tree has been constructed using the 

Neighbour-joining (NJ) method with pairwaise deletion of gaps and 500 bootstraps. 
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