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Morphological and molecular characterisation of a new isolate of Thecamoeba similis from Sredniy Island in the White Sea and the first COI sequence of the species
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Summary
Thecamoeba similis (Greeff, 1891) belongs to a group of sibling species that cannot be reliably distinguished using light microscopy alone. Here we report strain TaLagut, isolated from moss on Sredniy Island, White Sea, Russia, and established in clonal culture. The strain was studied using light microscopy and sequencing of the 18S rRNA and mitochondrial cytochrome c oxidase subunit I (COI) genes. Morphologically, strain TaLagut exhibited the rugose morphotype and a nucleus characteristic of the “Thecamoeba similis species group”, with multiple peripheral nucleoli showing a certain degree of polymorphism. The 18S rRNA gene sequence of TaLagut was identical to that of the re-isolated T. similis strain SmiTi1 and showed 99.73% and 99.51% identity to the two available sequences of Page’s reference strain CCAP 1583/8. The morphology and 18S rRNA gene data support the identification of strain TaLagut as T. similis. The COI sequence obtained for TaLagut is the first published COI sequence of T. similis and shows 76.58% identity to the homologous region of the T. quadrilineata COI gene. The present record extends the molecularly confirmed geographic distribution of T. similis to the White Sea region.
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Introduction
Members of the genus Thecamoeba Fromentel, 1874 are flattened amoebae with smooth oval outlines and characteristic folds on the dorsal surface (Page, 1977; Mesentsev, 2025). Traditionally, this genus was considered one of the few groups of naked lobose amoebae whose species could be relatively easily identified using light microscopy. Species identification within the genus was based primarily on the morphology and measurements of locomotive form, as well as on nuclear structure, in particular the organization of the nucleolar material (Page, 1971, 1977, 1988; Mesentsev et al., 2020; Mesentsev and Smirnov, 2021; Mesentsev, 2025; Shklyar et al., 2026).  However, molecular studies have revealed significant genetic diversity within several morphologically defined species of Thecamoeba, leading to the recognition of groups of sibling species (Mesentsev and Smirnov, 2019; Mesentsev et al., 2020, 2022). The largest of these groups is the “T. similis species group”, named after its “core” species – Thecamoeba similis (Greeff, 1891) Lepşi, 1960. Based on their locomotive morphology, amoebae of this group belong to the rugose morphotype (Smirnov and Goodkov, 1999; Smirnov and Brown, 2004); they also have a characteristic nucleus with multiple peripheral nucleoli (Mesentsev et al., 2020; Henderson et al., 2024; Mesentsev, 2025).
The discovery of cryptic genetic diversity has made molecular data essential for the reliable identification of species within the genus Thecamoeba. However, little data are currently available to confirm the stability of the 18S rRNA gene sequence – the marker, nowadays used for species identification in this group. To date, no study reported the isolation of more than two amoebae strains with identical 18S rRNA gene sequences form distant locations. Therefore, each reliable re-isolation of a genetic variant is an important finding: it improves our understanding of how widely amoebae of a single genetic lineage can disperse and confirms the stability of the 18S rRNA gene sequence as the primary molecular marker.
The species Thecamoeba similis was described by Greeff (1891); its modern morphological description was provided by Page (1977) based on the CCAP strain 1583/8 from Wandlebury Wood, UK, which was also used to establish a neotype of this species. Page's strain was subsequently sequenced and served as a molecular reference for this species (Fahrni et al., 2003; Dyková and Kostka, 2013). More recently, the strain SmiTi1, isolated from moss in the Pskov Oblast of Russia, was identified as T. similis based on its morphology and almost full identity of its 18S rRNA gene sequence to that of the reference strain CCAP 1583/8 (Mesentsev et al., 2025).
In this paper, we report another molecularly confirmed isolate of T. similis from Sredniy Island, White Sea, Russia. This strain, designated TaLagut, was studied using light microscopy, and the 18S rRNA and cytochrome c oxidase subunit I (COI) gene sequences were obtained. These data provided the first molecular confirmation of T. similis from the White Sea region and the first published COI sequence of the species.

Material and Methods
Strain TaLagut was isolated from a moss sample collected on Sredniy Island, White Sea, Russia (66°17′22.0″N, 33°39′52.0″E). To isolate amoebae, a moss fragment was placed in a sterile 60-mm Petri dish half-filled with wMY agar (Spiegel et al., 1995), and the dish was monitored for the appearance of amoeboid protists. The clonal culture (strain) was established by transferring an individual amoeba cell in a drop of PJ medium (Prescott and James, 1955) to a dish with fresh agar medium using a tapered-tip glass Pasteur pipette. The culture was subsequently purified from accompanying eukaryotic organisms and maintained on wMY agar at 12 °C under ambient laboratory light. In culture, the amoebae fed on accompanying bacteria.
Live amoebae were studied and photographed in plastic Petri dishes filled with PJ medium using a Leica DMI3000B microscope equipped with IMC (Integrated Modulation Contrast) optics and a Leica DFC295 camera powered by Leica Application Suite (LAS) version 4.11.0 software (Leica, Germany). Nuclear morphology was examined on glass slides using a Nikon Eclipse Ni microscope equipped with differential interference contrast (DIC) optics and a Nikon DS-Ri2 camera powered by NIS-Elements BR software (Nikon, Japan). Cell and nuclear dimensions were measured from digital micrographs using Leica Application Suite and NIS-Elements BR software, respectively. To increase the depth of focus, z-stacking was applied to locomotive amoebae, as described by Mesentsev et al. (2020).
For DNA isolation, amoebae were collected from the agar surface using a tapered-tip glass Pasteur pipette, transferred to Petri dishes filled with fresh Millipore-filtered (0.22 µm) PJ medium, and starved for 3 days, with the medium replaced daily. Thirty starved amoebae were collected and transferred with 1–2 µl of medium into 200-µl PCR tubes. DNA was isolated using the Arcturus PicoPure DNA Extraction Kit (Thermo Fisher Scientific, Massachusetts, USA) according to the manufacturer’s instructions. The 18S rRNA gene was amplified from the obtained DNA using Taq DNA Polymerase (Thermo Fisher Scientific) and universal eukaryotic primers: RibA (5’-ACCTGGTTGATCCTGCCAGT-3’) forward primer, which is the second half of the original “Primer A” (Medlin et al., 1988) and the reverse RibB primer (5’-TGATCCTTCTGCAGGTTCACCTAC-3’) (Pawlowski, 2000). The thermal cycling conditions were as follows: initial denaturation at 95 °C for 10 min; 35 cycles of 94 °C for 30 s, 58 °C for 1 min, and 72 °C for 2 min; followed by a final extension at 72 °C for 10 min. The COI gene was amplified using primers LCO1490f (5′-GGTCAACAAATCATAAAGATATTGG-3′) and HCO2198r (5′-TAAACTTCAGGGTGACCAAAA-3′) (Folmer et al., 1994; Nassonova et al., 2010) under the following conditions: initial denaturation at 94 °C for 5 min; 39 cycles of 94 °C for 1 min, 50 °C for 1 min, and 72 °C for 1 min; followed by a final extension at 72 °C for 5 min.
The resulting amplicons were purified from 1.5% agarose gels using the Cleanup Mini purification kit (Evrogen, Russia) and sequenced using the ABI PRISM BigDye Terminator Cycle Sequencing Kit (Thermo Fisher Scientific, USA). Primers S6F, S12.2F, S12.2R, S14F1, and S20R (Medlin et al., 1988; Pawlowski, 2000; Adl et al., 2014) were used for sequencing the 18S rRNA gene amplicon, and primers LCO1490f and HCO2198r were used for the COI gene sequencing. Forward and reverse reads were assembled and manually inspected using ChromasPro 1.7.4 (Technelysium Pty Ltd., South Brisbane, Australia). The obtained 18S rRNA gene sequence was aligned with the selected published reference sequences of T. similis listed in Table 1 using the MUSCLE 3.5 algorithm (Edgar, 2004) as implemented in SeaView 4.0 (Gouy et al., 2010). The nomenclature by Brimacombe (1991) and the secondary structure of the 18S rRNA gene in Tetrahymena thermophila (Lee and Gutell, 2012) were used as references to identify helices and variable regions in the 18S rRNA gene sequence. The COI sequence of TaLagut was aligned with the homologous region of the mitochondrial cox1 gene of T. quadrilineata strain CCAP 1583/10 (NC_068853.1; Bondarenko et al., 2022). Pairwise sequence identity values between strain TaLagut and each reference sequence were calculated using the online tool “Ident and Sim” (Stothard, 2000), based on 2256 aligned nucleotide positions for the 18S rRNA gene and 602 positions for COI. The sequences obtained in this study were deposited in GenBank under accession numbers QB200940 for 18S rRNA gene and [COI ACCESSION].


Results and Discussion
Amoebae of the strain TaLagut exhibited strong adhesion to the plastic surface (bottom of the Petri dish) and active locomotion along this substrate. In locomotion, the cells did not form discrete pseudopodia or subpseudopodia and moved as a whole. Cells were flattened and had smooth oval outlines with an expanded frontal part (Fig. 1A–B). In slower movement, they were more rounded (Fig. 1C). The length of a locomotive cell was 42–81 µm (mean 59.4 μm, SD = 10.5 µm; n = 30), the breadth was 35–75 µm (mean 50.2 μm, SD = 9.68 µm; n = 30). The length-to-breadth ratio ranged from 1.0 to 1.5 (mean 1.2, SD = 0.14; n = 30). The dorsal surface of the cells was covered with irregular longitudinal wrinkles. These features are consistent with the rugose morphotype (Smirnov and Goodkov, 1999; Smirnov and Brown, 2004).
Amoebae of the strain TaLagut usually contained a single ellipsoidal nucleus (Fig. 1D–I). The nucleus had a clearly visible, flexible envelope and measured 11–25 μm along the longest axis (mean 18 μm, SD = 3.2 μm; n = 50). Intranuclear structures, traditionally referred to as nucleoli, were located at the periphery of the nucleus, close to the nuclear envelope (Fig. 1D–I). The general pattern of nucleolar organization was shared by all studied cells, but the nucleoli might differ among different cells. Usually, the nucleoli appeared as separate lens-shaped structures with smooth surfaces, and were adjacent to the nuclear envelope (Fig. 1D). Less frequently, the surface of the nucleoli had an irregular, bumpy or granular appearance (Fig. 1E–F). In rarer cases, the nucleolar material contained lacunae of different sizes, unevenly distributed within the nucleolus. Several lacunae could sometimes be present within a single nucleolus (Fig. 1G). In some cases, nucleoli contained a single lacuna with a central mass (Fig. 1H–I). Nuclear folds, previously described in Thecamoeba similis strain SmiTi1 (Mesentsev et al., 2025), were observed in strain TaLagut as well (Fig. 1I). The nuclear structure, together with the morphology of the locomotive form described above, supports the assignment of strain TaLagut to the “T. similis species group” (Mesentsev et al., 2020; Mesentsev, 2025).
The 18S rRNA gene sequence obtained for the strain TaLagut was 2449 bp in length, spanning helices 2–45 and variable regions V1–V9. Pairwise comparisons showed that the TaLagut sequence was identical to that of T. similis 
strain SmiTi1 (100.0%) and showed 99.73% and 99.51% identity to sequences AY294145 and JQ271722, respectively, both obtained from Page's reference strain CCAP 1583/8 (Table 1). These results, together with the morphological data, support the identification of strain TaLagut as T. similis. 
The Folmer fragment of the mitochondrial cytochrome oxidase I (COI) gene has proven to be a more variable marker than 18S rRNA and is widely used for infra- and intra-species level discrimination in amoebae (e.g. Crary, 2012; Palataicova and Kudryavtsev, 2026). Its sequence variability was sufficient to resolve relationships among populations within some amoebae lineages, such as Vannella and Korotnevella (Nassonova et al., 2010; Zlatogursky et al., 2016). However, the potential of this marker for members of the genus Thecamoeba has not been tested. Before this study, the only published COI sequence for the genus was that of T. quadrilineata strain CCAP 1583/10, obtained as part of its mitochondrial genome (Bondarenko et al., 2022). The COI sequence of strain TaLagut was 627 bp in length. Pairwise comparison with the homologous region of the T. quadrilineata sequence (NC_068853.1) showed 76.58% identity over 602 aligned nucleotide positions.
The morphology of the strain TaLagut generally corresponds to that previously described for T. similis and other members of the “T. similis species group”. The organisation of the nucleolar material showed variability similar to that previously reported in T. similis, its sibling species T. foliovenanda, and some other species of Thecamoeba (Mesentsev et al., 2020, 2025; Mesentsev and Smirnov, 2021; Shklyar et al., 2025). These observations further demonstrate the limited value of individual nuclear characters for species-level identification within this group and support the use of molecular data for reliable identification. 
The strain TaLagut is therefore an independently isolated, molecularly characterised strain of T. similis from Sredniy Island in the White Sea, at the North of Russia. Its 18S rRNA gene sequence is identical to that of strain SmiTi1 from the Pskov Oblast and 99.5–99.7% identical to the two available sequences of Page's reference strain CCAP 1583/8 from the United Kingdom. These data indicate a high degree of conservation of the 18S rRNA gene within the species T. similis and demonstrate that geographically distant isolates of the same species can share identical or nearly identical sequences of this marker. The isolation and molecular identification of strain TaLagut provide the first molecular confirmation of T. similis in the White Sea region. This record extends the molecularly confirmed geographic distribution of the species and further supports its wide geographic distribution.
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Legends to the figures and table
Fig. 1. Light microscopy of Thecamoeba similis strain TaLagut. A–B – locomotive forms in active locomotion, IMC; C – slowly moving locomotive form, IMC; D–I – nuclei, DIC. Abbreviations: cv – contractile vacuole; fv – food vacuole; n – nucleus; nf – nuclear fold; nu – nucleolus. Black arrowheads indicate dorsal wrinkles; white arrowheads indicate lacunae in the nucleolar material; black arrow in B indicates the direction of locomotion of amoebae in A–C. Scale bars: A–C – 20 μm; D–I – 10 μm.
Table 1. Pairwise 18S rRNA gene sequence identity between Thecamoeba similis strain TaLagut and selected published reference sequences of T. similis. Identity values were calculated from 2256 alignment positions, corresponding to nucleotide positions 1–2254 of the 18S rRNA gene sequence of T. similis strain SmiTi1, including the V1–V8 regions.
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Figure 1.

	Strain
	Species
	Locality
	GenBank accession number
	Identity to strain TaLagut (%)

	SmiTi1

	T. similis
	Pskov Oblast, Russia
	18S rRNA – PQ451966 (Mesentsev et al., 2025)
	100.0

	CCAP 1583/8
	T. similis
	Wandlebury Wood, UK
	18S rRNA – AY294145 (Fahrni et al., 2003)
	99.73

	CCAP 1583/8
	T. similis
	Wandlebury Wood, UK
	18S rRNA – JQ271722 (Dyková and Kostka, 2013)

	99.51
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