
Methods for sequence analysis to identify synteny for gene families (Figure 1C) 

This analysis is primarily based on files from 
<ftp://ftp.sanger.ac.uk/pub/project/pathogens/Plasmodium/ (Lin et al., 2018; Otto et al., 2018; 
Otto et al., 2014). Using custom code in R 3.4.0 (R Core Team, 2017) with the tidyverse 
(v.1.2.1; Wickham, 2017) and Biostrings (v.2.44.2; Pagès et al,. 2017) packages, .embl files 
were parsed for (spliced) coding sequence and associated information, and BLAST databases 
(Camacho et al., 2009) were locally created from .fasta files of reference lines PF3D7 and 
PCHAS. For P. chabaudi, version 1 files were used for isolates AJ, DK, and DS (Otto et al., 
2014); version 2 was available and therefore used for CB (Lin et al., 2018). Non-nuclear 
sequences were excluded.  

For each isolate gene, the one-to-one reference orthologue was recorded when possible using 
the original file's annotation, breaking ties with a previous gene ID alias if needed and possible. 
When a unique reference orthologue was not provided in the file, the isolate gene sequence 
was used as a query for a local nucleotide BLAST search of the reference genome. For this and 
subsequent BLAST searches, the coding sequence with the highest cumulative bit score was 
used as a reference orthologue of comparison. For genes with still no annotated reference 
orthologue sequence, using the reutils package (version 0.2.3, Schöfl, 2016), (1) the isolate 
gene sequence was used as a query for a local BLAST search of the corresponding taxon-
specific NCBI BLAST databases (i.e. P. falciparum, P. chabaudi chabaudi, or P. chabaudi 
adami) or (2) the isolate sequence used as a query of a remote NCBI BLAST search of the 
corresponding reference genome (i.e. P. falciparum or P. chabaudi).  

Each isolate gene was then associated with the nearest recorded reference neighbors, i.e. the 
reference orthologues of the isolate genes to the left or right on the isolate chromosome. A gene 
was called syntenic if at least one of those reference neighbors was (1) on the same 
chromosome number as the isolate gene and (2) had a reference ID number (assigned 
sequentially on the reference genome) placing it within the same chromosomal region. Isolate 
genes were assigned to a multigene family, actin, or other/housekeeping based on the isolate 
and reference gene product annotations. 

The finite population analogue (Cochran, 1977; Wendell and Schmee, 2001) of the Clopper-
Pearson interval was used to generate an exact confidence interval for the rates of synteny 
within each gene family per isolate. 

 

Code availability. The full reproducible code used for data analysis and presentation will be 
available at https://github.com/siaomc/pgfamilies. 
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