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Abstract

Malaria is a vector borne disease that causes one million deaths annually. The
identification of novel drug targets is urgent but it requires a better understanding of the
biology of Plasmodium parasites. Signature tagged mutagenesis (STM) has been used
extensively in bacterial pathogens to identify virulence genes by parallel phenotyping of pools
of individually tagged mutants.

Gene knock out (KO) vectors provided by a freely accessible resource produced at the
Sanger Institute, PlasmoGEM, carry gene-specific barcodes that uniquely label parasites upon
integration. This, together with an increased recombination frequency and strongly reduced
incidence of episomes allowed me to establish a STM protocol for Plasmodium berghei, a
rodent malaria parasite. Using this strategy, complex and defined pools of targeted KO
mutants were reproducibly generated in a single mouse.

Vector-specific barcodes were amplified from daily blood samples by a polymerase
chain reaction (PCR) and counted on a benchtop sequencer (MiSeq). This enabled the
calculation of the relative growth rate of each population of mutants within a pool and how it
changed during the infection. Each pool included a set of vectors that targeted genes that are
only expressed in sexual and mosquito stages — p25, p28, p230p and soap. As these were
known to be dispensable for asexual growth they were used as a normal growth reference for
fitness cost analysis of the other mutants in the pool. Replicate experiments yielded nearly
identical growth curves for each of the 48 populations of barcoded mutants. Southern
hybridisation of separated chromosomes confirmed genomic integration events throughout the
genome, many of which were further supported by PCR.

After this validation step, this technology was used to identify potential interaction pairs
within the P. berghei kinome. A screen performed in six different mutant lines revealed
multiple growth phenotypes that were recurrent in all backgrounds. Additionally, a severe
growth defect was detected for a mutant lacking the cdpk4 gene on a line expressing the
resistant pkg™'°? allele. This suggested the existence of an important genetic interaction
between CDPK4 and PKG, which was further validated independently. In conclusion, this
kind of high throughput genetic approach had no precedents in the malaria field and provides
a promising basis for future screenings on large subsets of parasite genes.
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