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Merozoite surface protein 1 of Plasmodium vivax (PvMsp-1): sequence analysis, population
genetics and evolution

Abstract

168738

Polymorphism in the merozoite surface protein 1 of Plasmodium vivax (PvMsp-1), a blood-stage
vaccine candidate, is generated by intragenic recombination between distinct alleles that can be
partitioned into 13 blocks, 6 of which are variable. To test if intensity of malaria transmission
influences the extent of diversity in PvMsp-1, we collected 169 P. vivax isolates from northern
(n=66), eastern (n=49) and southern (n=>54) Thailand where annual parasite incidence per 1,000
(API) during the period of sample collection was >20, 5-20 and <2, respectively. Of these, 133
isolates containing single PvMsp-I alleles were used for analysis of variable blocks 2, 4 and 12.
Results revealed that block 2 contained 14 sequence types with varying numbers of pentapeptide
repeats and 2 of which were novel. The variable blocks 4 and 12 displayed 5 and 10 sequence
types, respectively, all of which were essentially as reported previously except a few substituted
residues. It is of note that certain sequence types of blocks 2, 4 and 12 predominated. The
magnitudes of haplotype diversity (h), nucleotide diversity () and average number of nucleotide
differences (k) in both blocks of PvMsp-1 were highest in the P. vivax population from northern
Thailand. Analysis of inter-population variance in allele frequencies (Wright’s Fst) revealed no
significant values of both blocks (p> 0.2), suggesting that these loci were under balancing
selection. Likewise, the mean number of nonsynonymous substitutions per nonsynonymous site
(dp) significantly outnumbered that of synonymous substitutions per synonymous site (ds)
(p<0.001) in block 12 for each population, indicating that positive selection has diversified
sequences in this region. To further analyze the evolutionary history of PvMsp-1, we cloned and
sequenced the orthologous gene in Plasmodium knowlesi, a closely related species to P. vivax.
Comparison of overall amino acid sequences between P. knowlesi Msp-1 (PkMsp1) and 42
worldwide isolates of PvMsp-1 revealed that these proteins shared 63.4-65.1% sequence
similarity across these two species. Alignment of corresponding variable blocks of PvMsp-1 and
PkMsp-1 has shown that both genes contained highly related sequence motifs. Examination of
rates of nucleotide substitutions in pairwise comparison between PvMsp-/ alleles from
worldwide isolates has shown that ds in blocks 1, 5, 7 and 9 significantly exceeded those of dy,
implying that these conserved blocks were under purifying selection. Likewise, the numbers of
synonymous substitutions per synonymous site (Ks) significantly outnumbered those of
nonsynonymous substitutions per nonsynonymous site (Kx) between PvMsp-1 and PkMsp-1 in
all conserved blocks. Tajima's D test could detect significant departure from neutrality in blocks
7 and 9 while Fu and Li's D*, F*, D or F tests yielded significant deviation from neutrality in
blocks 1, 3, 5, 7 and 9. Positive direction of these tests indicates an excess of intermediate-
frequency alleles in a population which implies the presence of balancing selection on PvMsp-1.
The time to most recent common ancestor of PvMsp-1 was estimated by using PkMsp-1 as
outgroup on the assumption that P. vivax and P. knowlesi diverged along with their respective
hosts. The mean pairwise dy of all conserved blocks at the PvMsp-1 locus was 0.014+0.001 (S.E.)
and the mean Ky % S.E. between P. vivax and P. knowlesi 0.122+0.007. The estimated rate of
nonsynonymous substitution (Ax) for PvMsp-1 was 2.4x107° to 3.0x10™ substitutions per site
per year which is close to the average mutation rate for P. falciparum Msp-1, being 2.6x107°
substitutions per site per year. The dy between the most distant pair of allele (dymax) Was 0.027 +
0.003. Hence, polymorphism in PvMsp-1 seems to be maintained for around 4.5-5.6 mya,
making it plausibly contemporary with the divergence time for P. vivax and P. knowlesi around
5.2-7.3 mya and the period of macaque radiation in Asia less than 4.9 mya. The persistence of
Msp-1 polymorphism is thus much longer than expected under selective neutrality and is
consistent with balancing selection acting to maintain the polymorphism at this locus.



