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ABSTRACT

Antimalarial resistance  (AMR) has become a major issue in malaria-
endemic countries, and novel methods for identifying strains resistant or susceptible to
specific medications are critical in the fight against antimalarial-resistant Plasmodium
parasites. The growing availability of genetic information has enabled the application
of computational methods in surveying resistance patterns. K-mer-based machine
learning approaches have shown considerable potential as a diagnostic and research
tool. In this work, Set Covering Machine (SCM) algorithm was applied to predict
antimalarial drug response outcomes and their genetic determinants. The model
predicted six antimalarial drugs (Chloroquine, Dihydroartemisinin, Lumafantrine,
Primaquine, Pyrimethamine, and Mefloquine) response phenotype in Plasmodium
falciparum. The model used the most compact set of k-mers generated from the
genomes of the parasite isolates to learn and predict binary drug response outcomes.
To avoid model overfitting, ten-fold cross-validation was conducted on the training set
to choose the optimal hyperparameter values. Regardless of the resistance mechanism,
whether acquired resistance or point mutations in the chromosome, the training
accuracy (mean cross-validation score) and testing accuracy of SCM prediction of the
six antimalarial drug resistance was above 85%. The model significantly classified the
resistant isolates from the sensitive isolates of the parasite and could be used as
potential tools in antimalarial resistance surveillance and clinical studies. A number of
sequence k-mers associated with antimalarial drug resistance were identified. We
identified several already known genes and loci associated with the six drugs, including
those containing pfcrt and pfdhfr. Novel genes and loci were also discovered. Of
particular interest are the variant regions on the var genes on chromosomes 6, 8, 10,
and 13 containing the Plasmodium falciparum erythrocyte membrane protein 1
(PfEMP1). The PfEMP1 variant k-mers were found to be associated with chloroquine,
dihydroartemisinin, and pyrimethamine resistance. The var genes encode PfEMPL.
The genes have extreme variability and are a principal virulence factor of malaria
parasite with extreme antigenic variability. The variations in these var genes were
found to play a role in antimalarial drug resistance in P. falciparum.

Keywords: Machine learning, Malaria, Plasmodium falciparum, Genome-Wide

Association Study, Phenotype prediction
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