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Tables 964 

Table 1 Genetic crosses of resistance phenotypes (resistotypes) from the Aegelsee Daphnia magna population. Only the C- and the E-965 
loci are considered. A: Punnett square for all possible gamete combinations according to our genetic model of resistance inheritance. 966 
The table shows the resistotypes (grouped by background colour) from the 16 combinations of gametes from a double heterozygote 967 
for the C- and the E-loci. The bottom right cell (red font, bold) represents offspring individuals where the epistatic interaction 968 
between the C- and the E-loci is revealed (Fig. 5). B: Results from selfing of D. magna clones. Resistotypes of F0 mothers and F1 969 
offspring groups were obtained using the attachment test, and resistance genotypes of F0 parents at the C- and E-loci were inferred 970 
from their resistotypes and the segregation patterns of resistotypes in their F1 offspring. Expected resistotype proportions within F1 971 
groups were calculated using the genetic model presented in the Punnett square and the R package “peas” (Fig 5, Supplementary 972 
Peas Doc. S1. Detailed results and statistical analyses for each cross are presented in Supplementary Selfing results Tables S4 to S12 973 
and Table S15. Segregation of offspring is presented as proportions, although statistical tests were run on counts. One to four crosses 974 
using distinct mother clonal lines (repeats a to d) were conducted for each F0 mother resistance genotype at the C- and E-loci. No 975 
variation at the B-locus was observed (all F0 mothers are inferred to have the “bb” genotype according to F1 resistotype 976 
segregation). 977 
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 a b c d 
        n = 43 n = 37    
 CCEE RR⎵S CCEE RR⎵S 1 1 1   NA 
             

        n = 89 n = 31 n = 79  X2=0.85, 
df=1, 

p=0.36 
 CCEe RR⎵S CCE- RR⎵S 0.75 0.79 0.74 0.84  

     CCee RR⎵R 0.25 0.21 0.26 0.16  
             

        n = 39 n = 42 n = 70 n = 79  

 CCee RR⎵R CCee RR⎵R 1 1 1 1 1 NA 
             
        n = 19   Fisher test on counts 
 CcEE RR⎵S C-EE RR⎵S 0.75 0.74    

p=1      ccEE SS⎵S 0.25 0.26    
             
        n = 48 n = 34 n = 64 n = 65 M2=4.61, 

df=2, 
p=0.10 

 CcEe RR⎵S C-E- RR⎵S 0.56 0.47 0.56 0.65 0.51 
     cc-- SS⎵S 0.25 0.30 0.06 0.13 0.21 
     C-ee RR⎵R 0.19 0.23 0.38 0.22 0.28 
             
        n = 36 n = 49 n= 22  X2=0.0062, 

df=1, 
p=0.94 

 Ccee RR⎵R C-ee RR⎵R 0.75 0.75 0.80 0.62  
     ccee SS⎵S 0.25 0.25 0.20 0.38  
             
        n = 87     

 ccEE SS⎵S ccEE SS⎵S 1 1    NA 
             
        n = 84 n = 65    

 ccEe SS⎵S ccE- SS⎵S 1 1 1   NA 
             
        n = 74 n = 35    

 ccee SS⎵S ccee SS⎵S 1 1 1     NA 
 978 
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Table 2 Genetic crosses of resistance phenotypes (resistotypes) from the Aegelsee Daphnia magna population considering the B- 980 
and the E-loci, with the C-locus fixed for genotype cc. A: Punnett square for all possible gamete combinations according to our 981 
genetic model of resistance inheritance. The table shows the resistotypes (grouped by background colour) resulting from the 16 982 
combinations of gametes from a double heterozygote for the B- and the E-loci. The bottom right cell (red font, bold) represents 983 
offspring individuals where the epistatic interaction between the B-, the C-, and the E-loci is revealed (Fig. 5). B: Results from selfing 984 
of D. magna clones. Resistotypes of F0 parents and F1 offspring were obtained using the attachment test, and resistance genotypes of 985 
F0 parents at the B-, C- and E-loci were inferred from their resistotypes and the segregation patterns of resistotypes in their F1 986 
offspring. Expected resistotype proportions of F1 were calculated following the genetic model outlined in the Punnett square and 987 
using the R package “peas” (Fig 5, Supplementary Peas Doc. S2). The detailed results and statistical analyses for each cross are 988 
presented in Supplementary Selfing results Tables S13 to S15. Segregation of offspring is presented as proportions, although the 989 
statistical tests were run on counts. 990 
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          n = 37   
 BbccEE SR⎵S B-ccEE SR⎵S 0.75  0.74  

p=1      bbccEE SS⎵S 0.25  0.23  
     B-ccee SR⎵R 0.00  0.03  
             
          n = 38   
 BbccEe SR⎵S B-ccE- SR⎵S 0.56  0.56  

p=0.58      bbccE- SS⎵S 0.25  0.33  
     B-ccee SR⎵R 0.19   0.11   
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Figures 992 

  993 

Figure 1 Dynamics observed in the Aegelsee Daphnia magna population. A: Pasteuria ramosa prevalence across strong summer 994 
epidemics. B: Resistotype (resistance phenotype) frequencies across time for 60-100 Daphnia clones from each sampling date in 995 
two- to three-week intervals from early April to early October 2014 and 2015. Resistotypes = resistance to P. ramosa C1, C19, P15 996 
and P20, consecutively).  997 

 998 
Figure 2 Experimental infections of Daphnia magna with different resistotypes (resistance phenotype). Resistotypes RRSR, RRSS, 999 
SSSS (n = 20 clones for each) and RRRR (n = 10 clones) were infected with parasite spores from the early phase of the epidemic. Five 1000 
repeats were performed for each clone (total n = 334). Controls (n = 210) remained uninfected and are not shown here. A: 1001 
Proportion of infected Daphnia among the four resistotypes. B: Number of clutches produced before parasitic castration in the 1002 
infected P20-resistant (⎵⎵⎵R) and susceptible (⎵⎵⎵S) animals (n = 115). C: Time before visible infection in P20-resistant and P20-1003 
susceptible individuals (n = 115). 1004 
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 1005 

Figure 3 Fitted models of infection phenotypes in field-collected Daphnia magna relative to their body size at capture (x-axis) and 1006 
their resistance to P20 for two sampling dates in June 2015. A: P20-susceptible (orange) animals have a higher likelihood to be 1007 
infected than P20-resistant (blue) ones for any body size. B: Infected P20-susceptible animals have a lower total fecundity than P20-1008 
resistant ones for any body size. Differences between the data are partially due to the difference in parasite prevalence on the two 1009 
sampling dates (31% on 7 June and 96% on 28 June). 1010 

 1011 

Figure 4 GWAS analysis comparing the most common resistance phenotypes (resistotypes) in the Aegelsee Daphnia magna 1012 
population. Manhattan plots of relationships between different resistotype groups (showing only SNPs with Pcorrected < 0.01). 1013 
Resistotypes = resistance (R) or susceptibility (S) to C1, C19, P15 and P20 in that order. A: Comparison (i) SS⎵⎵ vs. RR⎵⎵ (variation 1014 
at C1- and C19-resistotypes) revealed a strong signal on linkage group (LG) 3, corresponding to the C-locus. B: Comparison (iii), 1015 
⎵⎵⎵S vs. ⎵⎵⎵R (variation at P20-resistotype) revealed a strong signal on LG 5, corresponding to the E-locus. C: Comparison (v), SS⎵S 1016 
vs. RR⎵R (variation at C1- and C19-, and P20-resistotypes), revealed a strong signal on both regions. The x-axis represents SNP data 1017 
on the 2.4 D. magna reference genome and the genetic map (Routtu et al. 2014), showing only SNPs, not physical distance on the 1018 
genome. The horizontal red line is the significance threshold, the maximum corrected p-value for which the q-value is inferior to 5% 1019 
(see Methods section). Comparisons (ii) and (iv) are consistent with these results and are presented in Supplementary GWAS Fig. S3. 1020 
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 1021 

Figure 5 Model for the genetic architecture of resistance to C1, C19 and P20 Pasteuria ramosa isolates in the Aegelsee Daphnia 1022 
magna population as inferred from the GWAS analysis (Fig. 4) and the genetic crosses (Tables 1 & 2). A: Schematic representation of 1023 
the genetic model. Resistance to C1 and C19 is determined by the ABC-cluster as described in Metzger et al. (2016), and the model is 1024 
extended to include the newly discovered E-locus. The dominant allele at the B-locus induces resistance (R) to C19 and susceptibility 1025 
(S) to C1. The dominant allele at the C-locus confers resistance to both C1 and C19, regardless of the genotype at the B-locus 1026 
(epistasis). The newly discovered E-locus contributes to determining resistance to P20. Resistance is dominant at the C-locus 1027 
(resistance to C1 and C19) but recessive at the E-locus (resistance to P20). Homozygosity for the recessive allele at the B- and C-loci 1028 
induces susceptibility to P20, regardless of the genotype at the E-locus (epistasis). Hence epistasis can only be observed 1029 
phenotypically in the “bbccee” genotype, which has the resistotype SS⎵S. Without epistasis, the “bbccee” genotype is expected to 1030 
have the phenotype SS⎵R, a phenotype we never observed in the population or in our genetic crosses. B: Multi-locus genotypes and 1031 
resistotypes at the B-, C- and E-loci. Resistotypes are grouped by background color. As the C-allele epistatically nullifies the effect of 1032 
the B-locus, only combinations of the B- and E-loci are shown where the C-locus is homozygous for the c-allele. This model does not 1033 
consider variation at the A-locus, as the recessive allele at this locus is believed to be fixed in the Aegelsee D. magna population. 1034 

 1035 

Figure 6 Dynamics of parasite-mediated selection in the Aegelsee Daphnia magna population. Using resistotype (resistance 1036 
phenotype) frequency over time (Fig. 1) and genotype frequency from a sample in spring 2015 (Supplementary Allele frequency 1037 
Table S20), we infer genotype and allele frequency over time. We assume only clonal reproduction during the active season of D. 1038 
magna and Hardy-Weinberg Equilibrium (HWE) in the population over time, although we acknowledge that, in reality, selection will 1039 
make the population deviate from HWE. A: Genotype/resistotype frequencies plotted across time during the study period. Genotypes 1040 
that did not match the expected resistotype were excluded (see Supplementary Allele frequency Table S19, Fig. S4 and Table S20). B: 1041 
Allele frequency of the C- and the E-loci over time. The alleles that confer resistance to the host (C- and e-alleles) increased in 1042 
frequency during the epidemics. 1043 
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