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Extended Data Figure 3 | Edge weight distributions and in-out degree distributions 
under different gene pool diversity and competition regimes. Distributions are ordered 
from medium diversity (left) to high diversity (right), and low competition (upper) to high 
competition (lower). Under each regime, scenarios are shown for immune selection (left), 
generalized immunity (middle) and neutrality (right). The blue dotted lines in the edge 
distribution plots shows the repertoire similarity cutoff (for the top 1% of edges used in 
building the networks). Bar plots of in and out degree are shown across 100 networks that are 
generated under these same regimes (respectively in black and grey).  
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Extended Data Figure 4.  The relationship between gene frequencies and number of similar 
genes. a, In a gene similarity network, each node represents a unique gene transmitted in the 
population and the edges encode the sharing of at least one allele between genes. The size of 
the node is proportional to its frequency in the population and the node degree k depicts the 
number of genes that share at least one allele with the focal gene. There is a negative 
correlation in the immune selection scenario (b, r = -0.412, p-value < 2.2e-16), and no 
statistically significant relationship for complete neutrality (c, r = 0.016, p-value = 0.17) and 
for generalized immunity (d, r = -0.002, p-value = 0.89). G = 24,000, b = 0.5, D = 1 year. 
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Extended Data Figure 5 | Strain similarity network of var upsB/C DBLα types in the 
Ghana samples. The color or each node represents the season in which the isolate was 
sampled. The top 1% of edges (i.e., Sij > 0.0755) is shown in the graph and used in the 
analyses.  
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Extended Data Figure 6 | Model parameters, differences between model scenarios, and 
computation of edge strength in network construction. a, Description of parameters and 
selected ranges. b, Model comparisons for immune selection, generalized immunity and 
complete neutrality. c, Illustration of the similarity index used in the directional similarity 
networks. We use a directional network because of the asymmetric competition resulting 
from different numbers of unique variants in a repertoire. In the example, strain i has 3 
unique alleles, while strain j has 5. Together they share 3 alleles. Therefore, strain i can be 
substituted by strain j completely, while strain j can only be substituted by strain i partially. 
Therefore, strain j will have a prolonged expression in a host which is immune to strain i, 
while strain i will not be able to cause infection in a host which is immune to strain j.  
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Extended Data Figure 7 | Comparisons of allelic diversity across immune selection (red), 
generalized immunity (blue) and neutral (yellow) scenarios. Simpson’s allelic diversity D (a) 
and allelic evenness J (b) are compared across biting rates. The number of epitopes per var 
gene (columns) vs. the number of var genes per genome (rows). Within repertoire diversity 
(c) is presented as the proportion of unique alleles divided by the length of the genome. 
Values are combined for all parameter combinations for a given biting rate.
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Supplementary information: 
Supplementary results and discussion 

Selection signature based on standard ecological diversity measures 

We investigated whether standard ecological diversity measures can be used to differentiate 
selection signatures. As expected from standard genetic signatures of frequency-dependent 
selection, the parasite var gene population has higher and more even epitope (allelic) 
diversities in the selection than in the neutral models for the same parameter ranges 
(Extended Data Fig. 7a, b). Diversity patterns under generalized immunity, although different 
from those under complete neutrality, nevertheless resemble those of complete neutrality 
more than those of immune selection. What is more unique to the system as a result of 
within-strain competition is a higher within-genome diversity than that of the null models 
(also see Buckee and Recker65 on the evolution of multi-domains in gene structures) 
(Extended Data Fig. 7c). Except for the allelic diversity indices, most of the other diversity 
indices (such as beta diversity, genetic or repertoire diversity) do not show clear trends 
differentiating the underlying processes. Because these differences are relative, a given value 
of these indices would not provide information about underlying processes. In this sense, they 
are un-informative and would require comparisons across endemicity gradients to provide 
evidence for non-neutrality in empirical systems. 
 
Supplementary file: 
 
1. Gene compositions of Ghana isolates. (To be provided as a separate file, as table is too 

large to be included here). 
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