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I. Introduction, aims 

Being primary producers diatoms play basic role in aquatic ecosystems, they are important 

members of phytoplankton and phytobenthos communities, the indicators of water quality. 

Traditionally these organisms are classified based on morphological features of silica cell wall 

termed frustule (Round et al. 1990). The morphology-based identification of species requires 

great experience and often investigation with scanning electron microscope. In addition, great 

morphological variability or phenotypic plasticity of some species can make the identification 

more difficult. Therefore, molecular biological methods are spreading in studying diatoms 

both in researches on diatom evolution and in the delimitation and identification of species. In 

the latter area so-called DNA barcodes (Hebert et al. 2003) can be used but the routine 

practical application of these barcodes is still under development (e.g. Zimmermann et al. 

2015). 

During my doctoral work I dealt with the phylogenetic and DNA barcode analysis of two 

planktonic species/species complex (Skeletonema potamos, Fig. 1./A. and Cyclotella ocellata 

Fig. 1./B.) that I supplemented with morphological and ecological studies. 

Skeletonema potamos (C.I: Weber) Hasle is dominant member of summer phytoplankton 

community of the River Danube (Kiss et al. 1994), moreover, it is a characteristic member of 

the phytoplankton of the River Tisza. This species originally described as Microsiphonia 

potamos C.I. Weber is the only really freshwater species in the genus Skeletonema Greville 

that involves mainly marine species (Kiss et al. 2012).  

C. ocellata Pantocsek is widely spread in Hungary, occurring in several of our waters and 

it is a typical, often determining member (e.g. in Lake Balaton) of the phytoplankton. It shows 

great morphological variability and often forms continuous transitions with other species e.g. 

members of the C. comensis Grunow complex and C. trichonidea A. Economou-Amilli 

species. Therefore, several authors (e.g. Edlund et al. 2003) consider that C. ocellata and 

closely related species belong to species complex. The separation of the members of this 

group is difficult under microscope (e.g. Teubner 1995). 

C. ocellata is interesting in other aspect. Previous morphological studies showed that the 

description of the genus Cyclotella (Kützing) Brébisson was too general, therefore according 

to new morphological criteria new genera were described based on recent and fossil taxa. 

Moreover, molecular biological analyses (e.g. Alverson et al. 2007, Jung et al. 2010) proved 

that the genus Cyclotella was not monophyletic: C. ocellata and C. bodanica Eulenstein ex 

Grunow as well as the Discostella lineage separated from the C. meneghiniana Kützing 

group. Based on all of these information the original Cyclotella genus was separated to four 
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genera: Cyclotella sensu stricto, Discostella V. Houk et R. Klee (Houk and Klee 2004), 

Tertiarius H. Håkansson et G. Khursevich (Håkansson and Khursevich 1997) and Lindavia 

(Schütt) De Toni et Forti (Nakov et al. 2015). In contrast to the morphological studies the 

molecular biological analyses performed until now extended to much fewer taxa, from the 

Lindavia lineage only two species (Cyclotella ocellata and C. comensis) were involved in 

phylogenetic investigation. However, the relationship between these two species was not 

studied, therefore the question if they belonged to the same genus remained undecided. 

 

 

Figure 1.: Scanning electron microscope images of the studied species. A: Skeletonema potamos, 

scale: 2 µm; B: Cyclotella ocellata, scale: 2,5 µm. 

 

In my work I searched the answer for the following questions grouped around the three 

subjects mentioned above: 

1. Questions regarding Skeletonema potamos: 

 Where can it be positioned in the phylogenetic tree? 

 What environmental factors do affect its occurrence, quantitative distribution? 

2. Questions regarding C. ocellata/C. comensis complex: 

 What morphological groups can be distinguished within the complex? What 

environmental variables can be related to the occurrence of these morphological 

groups? 

 Can DNA sequence differences be associated with the morphological variance? 

3. Questions regarding the phylogeny of the genus Cyclotella: 

 Can C. ocellata and C. bodanica be rated to the same genus (Lindavia)? 
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II. Materials and methods 

II.1. Investigation on Skeletonema potamos 

Since 1979 weekly samplings have been carried out from the River Danube at Göd in order 

to investigate the phytoplankton composition and biomass and to measure physical and 

chemical variables. These data were used for the ecological study of S. potamos. Relative 

abundance and biomass data of S. potamos were compared to the environmental variables in 

linear mixed effect model (R environment “nlme” package). Morphological observations were 

performed under light and electron microscope. 

For DNA analysis samples from the River Danube taken at Göd and from the River Tisza 

taken at Tiszaújváros were used. From the Danube sample S. potamos cells were isolated with 

micropipette under inverted light microscope, and centrifuging the sample crude lysate was 

gained from the cells. From the Tisza sample that contained few S. potamos cells community 

DNA was extracted with a silica column based process (using Qiagen DNEasy Plant Mini 

Kit). Two nuclear (18S and 28S rDNA) and two plastid genes (rbcL and psbC) were 

amplified using polymerase chain reaction (PCR) and the amplicons were sequenced. For this 

purpose primers specific to the genus Skeletonema were designed based on sequences 

downloaded from National Center for Biotechnology Information (NCBI) GenBank database. 

The obtained sequences were aligned to those downloaded from the GenBank and the 

unpublished sequences of a culture from the Missouri received via acquaintance (with 

MEGA5.05 and 6 programs) and Bayesian inferred phylogenetic analyses were performed 

(with MrBayes 3.2 program). 

Based on data from the literature distribution map of S. potamos was prepared with ESRI 

ArcInfo 9.3 GIS program. 

 

II.2. Investigation on C. ocellata/C. comensis complex  

In this study we used samples from ten water bodies (Lake Balaton, gravel pit lakes near 

Himód, Dunaharaszti, Nyékládháza, Hegyeshalom, Szany, Lake Csiszlói, Visovac Lake in 

Croatia, İnli spring and Yalova stream in Turkey). Samples were studied with scanning 

electron microscope and during this photographs were taken of the members of C. ocellata/C. 

comensis complex. Ten morphometric parameters were measured or counted on the 

micrographs. During the morphological observation morphotypes were separated that were 

compared based on their morphometric parameters with canonic variaties analysis (CVA, Past 

2.16 program). Spearman rank correlation was calculated (with Past 2.16) between the 
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environmental variables and the relative abundance of the groups separated with the CVA 

(morphospecies) as well as average values of morphometric parameters of the samples. 

DNA analysis was carried out on eight samples. Community DNA was isolated with 

DNEasy Plant Mini Kit from samples in which only one member of the C. ocellata/C. 

comensis complex (and no other Thalassiosirales species) was found. From the samples that 

contained not only one of the studied species (Nyékládháza pit lake, Visovac Lake), cells 

were isolated with micropipette. Crude lysate was obtained from the isolated cells with 

centrifugation, heat denaturation and enzymatic digestion. Partial 18S rDNA and rbcL 

sequences were obtained from the samples. For this we used primers designed in the former 

study that could be aligned to several Thalassiosirales species without mismatch. The 

identical sequences were grouped to sequence types, to express the differences between 

sequence types p-distance as well as Bayesian inferred and maximum likelihood phylogenetic 

analyses were performed. 

 

II.3. Phylogenetic investigation of C. ocellata 

In this research we used some of the samples used for the investigation on C. ocellata/C. 

comensis complex as well as samples and sequences received from foreign researchers. In 

order to answer the question if the two species belong to the same genus (Lindavia) we 

extended the number of taxa involved in the analysis with the members of C. comensis group 

and Lindavia radiosa. These taxa are similar to C. ocellata (the former taxa) and C. bodanica 

(the latter species) in their diagnostic morphological features. The samples were investigated 

under light and electron microscope. Partial 18S rDNA and rbcL sequences were aligned to 

those downloaded from the GenBank and p-distance values were calculated within and 

between genera, as well as, Bayesian inferred and maximum likelihood phylogenetic analyses 

were performed. 

 

III. New scientific results 

III.1. Investigation on Skeletonema potamos 

a) Phylogenetic analysis of almost full sequences of the two nuclear (18S and 28S rDNA) 

and two chloroplast genes (rbcL and psbC) proved that the freshwater species originally 

described as Microsiphonia potamos belonged to the genus Skeletonema and its closest 

relative was the brackish water S. subsalsum (Fig. 2.). Based on the identity of 18S and 28S 

rDNA sequences of the samples from the Danube and the Tisza as well as cultures from the 

Missouri and Japanese brackish waters we concluded that S. potamos did not show 
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intraspecific variability characteristic to other species of the genus. This suggests that this is 

an evolutionary young species recently distributing on the Earth. 

b) Regular investigations since 1979 allowed tracking the phytoplankton community 

composition of the River Danube including the long-term changes in abundance and biomass 

of S. potamos. Based on these data we could detect significant increase in the contribution of 

the species to the total phytoplankton abundance and biomass. This was in correlation with 

the long-term increase of the mean water temperature caused by the global warming. The 

increase of its contribution could be in relation with the mending photic climate caused by the 

decrease in the mean content of total suspended solids in the River Danube. 

c) Data collected from the literature showed that S. potamos was spread in the temperate 

zone, however, the results of the ecological study the expansion of its distribution area could 

be expected. 

 

III.2. Investigation on C. ocellata/C. comensis complex  

The studied communities included individuals with morphology resembling to C. ocellata 

and closely related species, C. comensis, C. pseudocomensis, C. costei and C. trichonidea. 

Accordingly five morphotypes were distinguished, the transitional forms formed a sixth one. 

The applied morphometric parameters alone or in pairs could not separate the nominate taxa 

from each other in the communities. However, the multivariate CVA distinguished two 

groups. One of them (C. cf. ocellata) contained predominantly the individuals with C. 

ocellata and C. trichonidea morphology, the other one (C. cf. comensis) involved mainly the 

valves with C. comensis, C. pseudocomensis, C. costei and the transitional forms. 

18S rDNA and rbcL sequences from environmental DNA and isolated cell samples 

showed little variability between the samples. The C. cf. ocellata and C. cf. comensis groups 

diverged based on both the molecular and the morphometric analysis. However, we found 

sequence differences within the groups in the same degree as between the groups. Therefore, 

the conspecificity of the studied taxa could not be excluded. This highlights that the currently 

known DNA barcode markers need to be refined because in the conditions tested previously 

these markers can not be applied to all groups of diatoms. The reason is that representatives of 

several groups were not involved or were included in limited number. Diatoms previously 

classified into the order Centrales are such an underrepresented group. Taxa in our study also 

belong to the former Centrales. Beside chosing DNA region with adequate variability it is 

important to find the threshold indicating species-level distinction. 



7 
 

 

Figure 2.: Bayesian inferred phylogenetic tree based on the 18S rDNA and rbcL sequences. 

Posterior probability values are indicated at the nodes. Scale bar represents 0,02 substitutions per site. 

The studied species are in bold. 

 

III.3. Phylogenetic investigation of C. ocellata 

The morphological study and phylogenetic and p-distance analyses of the 18S rDNA and 

rbcL sequences (Fig. 2.) we ascertained that C. ocellata and C. comensis did not belong to 

either of the previously described genera, they formed a distinct genus. Therefore, a new 

genus Pantocsekiella was described.  
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