Supplementary Methods

Genotype calling
[bookmark: _Hlk50316045]We genotyped the parental strains and bulk populations as described in 1. We first generated a “mock” genome according to the genotype of parent NF54. We mapped the whole-genome sequencing reads both from parental parasites and progeny against this mock genome using BWA mem (http://bio-bwa.sourceforge.net/) under the default parameters. We excluded the high variable genome regions (subtelomeric repeats, hypervariable regions and centromeres) and only performed genotype calling in the 21 Mb core genome (defined in 2). The resulting alignments were then converted to SAM format, sorted to BAM format, and deduplicated using picard tools v2.0.1 (http://broadinstitute.github.io/picard/). We used Genome Analysis Toolkit GATK v3.7 (https://software.broadinstitute.org/gatk/) to recalibrate the base quality score based on a set of verified known variants 2. We called variants using HaplotypeCaller and then merged using GenotypeGVCFs with default parameters except for sample ploidy 1. 
We only applied filters to the GATK genotypes of parental parasites, using standard filter methods described by McDew-White et al 3. The recalibrated variant quality scores (VQSR) were calculated by comparing the raw variant distribution with the known and verified Plasmodium variant dataset, and loci with VQSR less than 1 were removed from further analysis. After filtration, we selected SNP loci that are distinct in two parents, and only used those for further bulk segregant analysis. 
[bookmark: _Hlk50315664]Bulk segregant analysis 
[bookmark: _Hlk50316568][bookmark: _Hlk50317025]Only loci with coverage > 30× were used for bulk segregant analysis. We counted reads with genotypes of each parent and calculated allele frequencies at each variable locus. Allele frequencies of NF54 were plotted across the genome, and outliers were removed following Hampel’s rule 4 with a window size of 100 loci. We performed the BSA analyses using the R package QTLseqr 5. Extreme-QTLs were defined as regions with G’ > 20 6. Once a QTL was detected, we calculated and approximate 95% confidence interval using Li’s method 7 to localize causative genes. We also measured the fitness cost at each mutation by fitting a linear model between the natural log of the allele ratio (freq[allele1]/freq[allele2]) against time (measured in 48hr parasite asexual cycles). The slope provides a measure of the selection coefficient (s) driving each mutation 8. The raw s values were tricube-smoothed with a window size of 100 kb to remove noise 9,10. 
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