Fuzzy logic as a tool for taxonomic identification of protozoa from the Kinetoplastea class
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Kinetoplastea class exhibits remarkable diversity, including free-living protozoa and parasites
capable of infecting vertebrates, invertebrates, and plants. The organisms’ taxonomic classification
is currently being extensively revised due to new features obtained from DNA sequencing and
phylogenetic studies. Parasitic species are in constant evolution, resulting in individuals from closely
related species having in common different proportions of genetic material. In this study a mixed
clustering approach was adopted in that Fuzzy C-Means, which captures uncertainties with greater
flexibility compared to traditional methods, was combined with Hierarchical Clustering, which
provides a hierarchical view of data relationships to classify kinetoplastids. Unaligned kinetoplastid
seguences were obtained through next-generation sequencing (18S rDNA gene, lllumina platform)
from different hosts and Brazilian biomes to form clusters, and then, validated the groups based on
total inertia to classify Kinetoplastea species. Sequences from species such as Trypanosoma cruzi
(DTUs Tcl, Tcll, TclV, and Tcbat), T. cruzi marinkellei, T. dionisii, T. rangeli, T. janseni, T. sp. Neobat,
T. lewisi, T. cascavelli, T. minasense, Crithidia mellificae, Leishmania infantum, Neobodo, Parabodo,
and representatives of the Bodonidae family were analyzed. The results suggested 4 to 6 clusters.
T. cascavelli, T. cruzi, and T. rangeli formed unique groups, with T. cascavelli being the most
homogeneous. Free-living protozoa formed a separated group only as the number of clusters
increased. Other species exhibited heterogeneous classifications, reinforcing the potential of fuzzy
logic in evolutionary analysis. The combination of Fuzzy C-Means and Hierarchical Clustering to
analyze Kinetoplastea revealed homogeneity in T. cascavelli and heterogeneity in free-living species.
Fuzzy logic proved effective in capturing genetic uncertainties, advancing the taxonomic and
evolutionary understanding of these organisms.
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