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Motivation and Aim: Amoebozoa still remain one of the least studied lineages of protists. 

Unstable body shape, difficulty of cultivation and study and inability of most species to 

grow in culture make investigation of the diversity and phylogeny of this group very 

difficult, and in some cases – almost impossible. Until recently, uncultivable species of 

Amoebozoa were absent in phylogenetic trees an their position in the system of 

Amoebozoa was defined based on evidences from morphology [1]. This problem 

seriously embarrassed further development of amoebozoan phylogeny [2]. Many species 

cannot multiply in laboratory culture and are recovered only in mixed, initial cultures 

and in a little number of specimens. To solve the problem, several years ago we 

elaborated and successfully applied protocols and approaches allowing us to extract 

DNA from a single amoebozoan cell and to perform the whole-genome amplification of 

this DNA [3, 4]. Using these techniques, we successfully found home for several poorly 

studied lineages of Amoebozoa using both single-gene phylogeny and phylogenomic 

approaches. In particular, in this way we have studied a very rare species Thecochaos 

fibrillosum, not seen by investigators for almost hundred years and established its 

position in the tree of Amoebozoa. We complemented the amoebozoan tree with 

numerous species belonging to the genus Polychaos, previously unavailable for 

molecular studies and made several more interesting findings in the filed of Amoebozoa 

phylogeny and phylogenomics. 

Methods and Algorithms: For DNA isolation, individual amoeba cells were collected 

from the mixed cultures manually, with tapered-tip glass Pasteur pipette, or using 

Eppendorf micromanipulators/micronjector mounted on Leica DMI3000 inverted 

microscope equipped with IMC contrast. Individual cells were transferred into 40 mm 

Petri dishes filled with fresh Millipore-filtered (0.22 µm) PJ medium, and left to starve 

for three days. Every day the medium was replaced with the fresh one. Dishes with cells 

were examined using daily to check for the absence of visible food vacuoles inside cells, 

absence of fungal contamination, and other eukaryotes in the surrounding medium. 

Further, individual cells were collected and placed with 1–2 µl of the medium in 200-µl 

PCR tubes. DNA was extracted using the Arcturus PicoPure DNA Extraction Kit 

(Thermo Fischer Scientific, USA). We performed the whole genome amplification of the 

total DNA using Multiple Displacement Amplification (MDA) with slightly modified 

protocol for REPLI-g Single Cell DNA Amplification Kit (Qiagen, Hilden, Germany). 

The resulting MDA products were sequenced using Illumina HiSeq 2500 system. 

Quality control check of raw sequence data was performed using FastQC. SPAdes 
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assembler was used for de novo genome assembly [5]. ML analysis was performed by 

IQ-TREE v1.6.12 [6] with the model GTR+I+G+F. For multigene phylogeny, putative 

proteins were predicated using Metaeuk or TransDecoder 

(https://github.com/TransDecoder/TransDecoder/wiki). The base for the alignment was 

the dataset obtained by Kang et al. [7] (323 genes). Potential orthologs were identified 

using BLAST on protein datasets from potential closest relatives of studied organisms. 

ML trees were constructed for each protein-coding gene separately using FastTree [8] 

and examined manually to estimate the overall tree configuration and the potential 

presence of paralogs of the target gene. The set of positions for the analysis was selected 

using g-blocks as implemented in SeaView 4.0 [9]. RaxML 8.2.12 [10], and Phylobayes 

1.8 [11] were run at Cipres portal [12]. 

Results: The above-described approach allowed us to perform several case studies and 

characterize a number of amoebozoan species, seen only in mixed culture and in very 

limited number of specimens. Until recently correct identification and record of such 

organisms was believed to be impossible. One of them is a member of the genus 

Thecochaos – the species T. fibrillosum. It was isolated from the soil of West Siberia, 

and we had ca. 15 cells of this organism. However, using single-cell techniques, we were 

able to obtain light- and electron-microscopic data, get SSU sequence and perform 

whole-genome amplification for NGS sequencing and build multigene phylogeny. The 

results of this study allowed this organism to find its home within the family 

Thecamoebidae (Amoebozoa, Discosea). The second case study is dedicated to very 

unusual amoeba with characteristic rolling movement of the cell surface. This organism 

was frequently seen from many habitats, but all attempts to culture it or to accumulate 

sufficient number of cells for DNA extraction failed. The organism is small (usually, 

10–20 microns), thus single cells were collected using micromanipulation technique. 

This way to collect cells resulted in very clean DNA preparations. To establish its 

position in the phylogenetic tree of Amoebozoa we build a comprehensive multigene 

alignment consisting of ca. 70 000 AA positions. The resulting tree placed the studied 

organism in the Cutosea clade, which is congruent with LM and TEM data. The resulting 

Amoebozoan tree supported our hypothesis on the basal position of Tubulinea lineage 

in the tree of Amoebozoa [13]. In the latest studies we started to use not the whole cell, 

but the isolated cell nucleus to get DNA sample for the whole genome amplification. It 

opened a way to get sequences of largest species of Amoebida. These organisms are 

always filled with food vacuoles and endocytobionts. Until recently almost all attempts 

to get nuclear DNA from such species failed. Isolation of the nucleus allows getting pure 

genomic DNA and include these organisms in the phylogenetic and phylogenomic 

analysis [14]. 

Conclusion: Single-cell genomics is a powerful tool allowing phylogenetic placement of 

uncultivable amoeboid organisms found in the environment. This approach is especially 

fruitful in amoebozoan ecology, since identification of as many morphospecies as 

possible may be decisive for the quality of the study. Modern algorithms of data sorting 

and assemble allow to properly clear the target genome from contaminating reads. Using 

single-cell techniques, we were able to obtain light- and electron-microscopic data, get 

SSU sequence and perform whole-genome amplification for NGS sequencing and 

multigene phylogeny for several amoebae species. The number of cells necessary for a 

comprehensive study was reduced with these approaches from thousands to ten or less. 

Hence, establishing of stable culture is no more a necessary requirement for 

identification and proper description of amoeba species. Obtaining whole-genome data 
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allows direct building of phylogenomic trees, which are much more reliable rather than 

the single gene tree. These studies solved several old and frequently mentioned puzzles 

in Amoebozoan phylogeny and significantly improved the overall tree of Amoebozoa.  
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